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Foreword 


This edition of the Minerals Yearbook provides a record of performance 
of the world's minerals industry during 1969. It continues the Federal Gov- 
ernment's historical record of mineral industry developments, begun on an 
annual basis in 1882. The intervening 88 years have seen this report grow 
from a one-volume publication devoted principally to domestic activities to 
three books encompassing global mineral industry developments. The general 
content of the individual volumes is as follows: 

Volume I-II, Metals, Minerals, and Fuels, contains chapters on virtually all 
metal, nonmetal, and mineral fuel commodities important to the domestic 
economy. In addition, it includes a general review chapter on these indus- 
tries, a statistical summary, and chapters on employment and injuries and on 
technologic trends. 

Volume III, Area Reports: Domestic, contains chapters covering the min- 
eral industry of each of the 50 States, the U.S. island possessions in the Paci- 
fic Ocean and the Caribbean Sea, the Commonwealth of Puerto Rico, and 
the Canal Zone. This volume also has a statistical summary chapter, identical 
with that in Volume I-II, and a chapter on employment and injuries. 

Volume IV, Area Reports: International, presents the latest available min- 
eral statistics for more than 180 foreign countries and areas and discusses 
the importance of minerals to the economies of these nations. A separate 
chapter reviews minerals and their relationship to the world economy. 

The Bureau of Mines will continue its efforts in the years ahead to in- 
crease the Yearbook's value to its many users. Toward that end, the con- 
structive comments and suggestions of readers will be most welcome. 

ELBURT F. OsBonN, Director 
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ege al the Mineral Industries 


By Bernadette S. Schumaker ' and Jeannette I. Baker 2 


The U.S. economy continued to expand 
in 1969. However, modest gains in real 
growth, a decine in labor productivity, 
and increases in prices and costs reflected 
the inflationary pressures which dominated 
the economy. After 4 years of persistent in- 
flation and nearly a decade of uninter- 
rupted growth, restrictive monetary and 
fiscal policies were applied in 1969 to con- 
trol inflation, with mixed results. A slow- 
down in the growth of money supply to a 
seasonally adjusted annual rate of 4.4 per- 
cent in the first 6 months of 1969 and to 
0.7 percent for the last half was transmit- 
ted to the economy via tight credit and 
high interest rates. Fiscal policy was also 
geared to inflation fighting with a budget 
surplus of almost $10 billion in 1969 com- 
pared to a 1968 deficit of $5 billion. Fed- 
eral expenditures were trimmed to an in- 
crease of $9 billion compared with a $20 
billion average annual increase for the 
prior 3 years. 

Despite these restrictive measures, all 
major price indicators—the implicit gross 
national product (GNP) deflator, the con- 
sumer price index, and the wholesale price 
index—advanced more rapidly in 1969 
than in any year since 1951. The price of 
consumer services rose sharply, reflecting 
the increased costs of housing and contin- 
ued advances in medical costs. Among 
minerals, price increases were consistently 
above average in metal and metal prod- 
ucts, largely reflecting increases in stccl 
and nonferrous metal prices. 

Although prices continued to climb, the 
impact of economic restraint eventually 
triggered a slowdown in the growth of de- 
mand. In the closing quarter of 1969, con- 
stant dollar GNP was unchanged from the 
third quarter. Factory production and cor- 
porate profits fell. Tight credit resulted in 
a decline in home building, and personal 
income grew just enough to offset rising 
prices. Overall, the national output of 


goods and services for the year was valued 
at $932 billion, up 7.7 percent compared 
with a 9.l-percent gain in the previous 
year. Because physical volume grew by less 
than 3 percent, a very large part of the 
GNP advance originated from a rise in 
price. 

In 1969, the Federal Reserve Board 
Index of Industrial Production for both 
mining and total U.S. production climbed 
moderately. The mining sector again 
lagged behind the total index average, de- 
spite a sharp rise in production from 
metal mines. The Bureau of Mines Index 
of Physical Volume registered slight gains 
for nonmetals and fuels. Metals, however, 
were up substantially. 

Perhaps the brightest spot in the econ- 
omy in 1969 was the average annual un- 
employment rate of 3.5 percent, slightly 
less than the annual rate for 1968, which 
was the lowest since 1953. Total employ- 
ment reached 77.9 million, a 2-million an- 
nual increase that exceeded the average 
annual increase for 1961-68, a period of 
sustained economic expansion. Wages and 
salaries in all industries continued to rise 
in 1969. For the first time in the 1960's, 
wages and salaries advanced faster in min- 
ing than in the manufacturing industries. 

Consumption of major minerals and 
mineral fuels continued upward in 1969. 
Total mining output also increased. Gains 
in metal mining included sharp increases 
in copper and lead production and morc 
moderate gains in iron ore and zinc pro- 
duction. Among the nonmetals, production 
advanced slightly to moderately for most 
construction and fertilizer materials. Fuel 
production included a moderate increase 
in natural gas production and slight gains 
for crude petroleum and bituminous coal. 


1 Economist, Office of Economic Analysis. 
? Commodity research specialist, Office of Tech- 
nical Data Services. 
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Exports of crude and scrap metals and 
manufactured metals were up significantly 
in 1969, while mineral energy resources 
and related products had only moderate 
gains. Imports of both ferrous ore and 
nonferrous base metal ores were down for 
the year; the pattern for manufactured 
metals was mixed. Petroleum and petro- 
leum products imported in 1969 rose 
slightly. 

Developments in the foreign exchange 
market included adjustment of two impor- 
tant currencies in 1969. A reduction in the 
exchange rate of the French franc and a 
new higher parity for the German mark 
resulted in exchange rates better geared to 
the internationally competitive situation. 

Significant among congressional activities 
in 1969 was the Tax Reform Act. Impor- 
tant features of the act included repeal of 
the 7-percent tax credit for business equip- 
ment expenditures, continuation of the in- 
come tax surcharge for the first half of 
1970 at the reduced rate of 5 percent, in- 
creases to $750 by 1973 in the per- 
sonal income tax exemption, and a cut in 
the 27.5-percent petroleum depletion allow- 
ance to 22 percent. The depletion allow- 
ances for other minerals were similarly cut. 
The Federal Coal Mine Health and Safety 
Act for underground mines also became 
law in 1969 and was promptly labeled the 
most stringent regulation on health and 
safety ever enacted in the United States. 

Disposal of material from mineral stock- 
pile inventories increased sharply, and the 
acquisition cost of total inventories dipped 
slightly for the year. The Office of Miner- 
als Exploration through its financial assist- 
ance program continued to encourage ex- 
ploration for new domestic sources of 
essential materials. Government assistance 
on 12 contracts was largely directed toward 
exploration for gold, silver, copper, mer- 
cury, and uranium. 


Total world trade increased in 1969, but 
establishing freer trade had mixed results. 
The General Agreement on Tariffs and 
Trade (GATT) has been seriously con- 
cerned that the lowering of tariffs has not 
been accompanied by similar success in 
lowering nontariff barriers, which range 
from informal administrative procedures to 
defined quotas. 

A record deficit in U.S. international 
transactions was reached in 1969. The bal- 
ance of payments, as measured on a li- 
quidity basis, was much larger in 1969 than 
in any prior year, despite a fourth-quarter 
surplus. Measured on an official settlement 
basis, however, a record surplus in balance 
of payments characterized the year. Ac- 
counting for the above difference were the 
unusually large short-term capital flows 
into the United States, which are treated 
differently in arriving at a liquidity bal- 
ance compared to an official settlement bal- 
ance. 


Official U.S. gold reserves, which had 
begun to rise in the last half of 1968, in- 
creased by nearly $1 billion in 1969, the 
first net gain in gold reserves since 1967. A 
continued deficit in silver production in- 
duced further withdrawals from silver 
stocks with relatively high sales occurring 
from U.S. Treasury bullion stock. 

To insure that adequate mineral re- 
sources are developed and made available, 
Bureau of Mines research funding for 
fiscal 1970 was increased 12 percent. Bu- 
reau of Mines research programs were di- 
rected toward developing more effective, 
efficient, and less costly extraction, process- 
ing, and utilization techniques. Programs 
in health and safety of miners also re- 
ceived prominent attention, and programs 
were continued to alleviate the problems 
in minerals recycling and to improve 
methods of solid waste disposal. 


SOURCES AND USES OF MINERALS 


Production.—In 1969, domestic produc- 
tion of primary minerals and mineral fuels 
was valued at $27 billion, a 7.8-percent 
gain from the 1968 level. In 1967 constant 
dollars, the value of mineral production 
was $25.5 billion. Metals recorded a 15-per- 
cent constant dollars increase for the year, 
while nonmetals and fuels gained approxi- 
mately 2 percent each. 


The Bureau of Mines index of physical 
volume of mineral production (1967 = 
100) increased moderately in 1969. While 
metals, especially the base metals, were up 
significantly, nonmetals and mineral fuels 
registered only slight gains. Figure 1 shows 
historical trends for important mineral 
commodities. During the past 10 years, 
copper output has increased rapidly except 
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during the 1967 copper strike which cut 
production sharply. Iron ore output, al- 
though irregular, had risen moderately, 
and coal production, after an initial de- 
cline in 1961, had a moderate growth. For 
1969, the production index for copper was 
158.8, up 32 points for the year, the largest 
increase for copper in the decade. The 
index for iron ore was up 9.5 points, while 
the index for coal was quite stable in 
1969. (See table 2 in the statistical sum- 
mary, which shows both production and 
value for minerals and minerals fuels in 
1969.) 

Based on preliminary data, the Federal 
Reserve Board Index of Industrial Produc- 
tion rose 7.3 points for the year compared 
to a 7.4-point increase in 1968. The min- 
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ing sector lagged behind the total index 
average, but gained 3.7 points, the largest 
mining increase since 1966. Coal mining 
was down slightly for the second consecu- 
tive year, while crude oil and natural gas 
extraction gained moderately. Although 
stone and earth minerals were up 6. 
points, it was metals that scored the larg- 
est gain. in mining—an increase of 15.6 
points. In primary metals manufacturing, a 
gain of 12.1 points was recorded along 
with a 10-point rise in iron and steel, the 
largest gain for both since 1964. The clay, 
glass, and stone products category was also 
up about 10 points. Largely reflecting a 
sharp increase in copper output, nonfer- 
rous metals and products gained 21.1 
points for the year. 
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Figure 1.—Index of physical volume of mineral production for selected items 
in the United States. 
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Production of minerals and mineral 
fuels in the 1960's has generally trended 
upward. However, rates of growth for indi- 
vidual mineral groups have varied. Coal 
mining, for example, had a mixed pattern 
of growth in the last decade. Metal min- 
ing, which had small to moderate produc- 
tion gains in the early 1960's, declined sub- 
stantially in 1967 as a result of copper 
strikes. In the last 2 years, however, pro- 
duction increases have been substantial. 
Crude oil and natural gas production has 
consistently increased, with moderate to 
sharp gains in the index. Both primary 
metals and iron and steel had a mixed 
pattern of growth. For nonferrous metals 
and products, a signficant gain of 78 index 
points in the last decade was recorded. In 
total, average industrial production consist- 
ently trended upward in the 1960's, averag- 
ing a 6-point gain per year. 

A total of 56,634 trillion British thermal 
units (Btu) were produced by the fossil 
fuels group, an increase of 3.5 percent 
from the 1968 production level. Heat value 
of primary electricity produced at hydro- 
power and nuclear-powered plants, when 
added to that of mineral fossil fuels, 
brought the total to 59,462 trillion Btu, a 
4.0-percent increase. 


Primary fossil fuels supplied the bulk 
of national energy supplies. Natural gas 
and component liquids remained the top 
energy source, with a preliminary mar- 
keted production of over 20,000 billion 
cubic feet, a 7.1-percent increase. Crude 
petroleum had a preliminary marketed 
production of 3,372 million barrels, a gain 
of 1 percent from 1968. Higher demand 
for petroleum in 1969 was met by in- 
creased domestic production and increased 
imports. Preliminary bituminous coal and 
lignite production increased slightly in 
1969 to 556 million short tons, while pre- 
liminary anthracite production declined to 
10.8 million short tons. The smallest 
source of energy came from primary elec- 
tricity generated at hydropower and nucle- 
ar-powered plants, with 2,687 trillion Btu 
and 141 trillion Btu produced in 1969, 
compared with 2,352 trillion and 182 tril- 
lion Btu in 1968. 


The net supply of principal minerals 
had a mixed pattern in 1969. Among the 
ferrous metals, the net supply of iron ore 
was up. Copper increased moderately, 
while lead recorded a substantial gain in 


net supply. The net supply of uranium 
concentrate (UsOs) increased by 8 percent 
during the year. Most nonmetals had slight 
to moderate gains. Among the agricultural 
minerals, the net supply of sulfur and 
phosphate rock declined while potash in- 
creased moderately. Increases in both sand 
and gravel and crushed stone were also re- 
corded. Shipments of primary metals in- 
creased to 57.1 billion, a 13.2-percent gain. 
Both net orders and unfilled orders were 
up in 1969. 


Changes in the relative shares of domes- 
tic and foreign sources of supply occurred 
in a few selected minerals. In 1969 more 
reliance was placed on foreign sources for 
petroleum, pig iron, nickel and nickel al- 
loys, zinc and zinc alloys, tin and tin al- 
loys, and organic chemicals. Fewer supplies 
from foreign sources were registered for 
iron ores and concentrates, ores and con- 
centrates of nonferrous base metals, iron 
and steel products, refined copper, manu- 
factured aluminum, and lead and lead al- 
loys. 


Stocks and Government Stockpile.—The 
Bureau of Mines index of stock of crude 
minerals (1967 = 100) for metals and 
nonmetals declined slightly in 1969. While 
nonmetals recorded a gain of 14 index 
points, the index of metal stocks declined 
16 points. Iron ore and other ferrous 
metals, especally molybdenum, accounted 
for this decline. The index for nonferrous 
metal stocks gained 10 points in 1969. 


Producers’ stock of mineral energy re- 
sources and related products was generally 
down in 1969. Preliminary data indicated a 
48-percent decline in producers’ stock of 
coke; most other declines in mineral en- 
ergy resources and related products, how- 
ever, were less than 10 percent. For the 
second consecutive year, the physical stock 
of carbon black declined. Increased stocks 
were reported for natural gas, gasoline, 
and other petroleum products. 


The seasonally adjusted book value of 
inventories for selected mineral processing 
industries showed gains in all categories in 
1969. Petroleum and coal products invento- 
ries increased 7.4 percent, no significant 
change from the 1968 increase. Stone, clay, 
and glass products again registered a sharp 
increase in. inventory position. For the 
third consecutive year, this category 
showed a gain of at least 10 percent in 
book value of inventories. The inventory 
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position of primary metals rose 6.6 percent 
at the end of 1969. Both blast furnace and 
steel mills and other primary metals ad- 
vanced moderately. Blast furnace and steel 
mills continued to account for over half of 
the total book value for primary metals. 
The overall book value of inventories for 
selected mineral processing industries 
gained 7.7 percent for the year. 

Among the components of the Nation's 
minerals supply was the national stockpile 
of strategic materials. In terms of market 
value, important ferrous metals in the 
stockpile during 1969 were tungsten, metal- 
lurgical chromite, and metallurgical man- 
ganese. Leading the nonferrous metals in 
market value were tin, aluminum, lead, 
and zinc. Al] of these commodities were 
down slightly from their 1968 quantity 
level except aluminum and tungsten, 
which declined moderately. 

Exports.—Compared to a 6-percent in- 
crease in 1968, the value of exports showed 
a 24-percent rise in 1969, resulting from 
signficant gains in metals exported. By far 
the most noteworthy gain in crude and 
scrap metals exported was the 5l-percent 
increase in iron and steel scrap. In manu- 
factured metals, gains of 50 percent or 
greater were registered for steel ingots, 
bars, and universals as well as for copper 
and copper alloys and silver and platinum. 
All other categories showed moderate 
gains, except for a slight decline in crude 
nonmetallics. 

Imports.—The value of imports for se- 
lected minerals and mineral products de- 
clined by 5 percent in 1969 compared with 
a 22-percent increase in 1968. Copper and 
copper alloys and iron or steel universals, 
plates, and sheets registered the largest de- 
clines in value of metals imported. Both 
crude and scrap and manufactured metals 
declined. The value of crude nonmetallic 
mineral imports showed little change in 
1969, while mineral energy resources rose 
moderately. Gains of approximately 20 per- 
cent in value of imports were scored for 
chemicals and manufactured nonmetallic 
minerals. 

Consumption.—Consumption of selected 
metals in the United States generally in- 
creased in 1969. In the ferrous metals, iron 
ore and raw steel consumption rose, but a 
further decline in manganese ore consump- 
tion was registered. Nonferrous metals con- 
sumption was highlighted by a 14-percent 
increase in copper, a 4.5-percent increase 


in lead, and a 4.0-percent increase in zinc. 
Uranium consumption (UsOg), which to- 
taled 12,338 short tons in 1968, dipped to 
10,934 short tons in 1969. 

Among the major nonmetals, consump- 
tion of construction materials generally 
trended upward. Cement consumption rose 
to 408 million barrels, a 1.2-percent in- 
crease; sand and gravel consumption ad- 
vanced to 937 million short tons, a 22-per- 
cent increase; crushed stone consumption 
reached 863 million short tons, a 5.2-per- 
cent increase. Consumption of agricultural 
minerals was also generally up in 1969. 
Potash consumption increased 8 percent to 
3.9 million short tons, sulfur consumption 
advanced to 9.2 million long tons, and 
phosphate rock consumption registered a 
slight gain for the year. Although con- 
sumption of agricultural minerals generally 
increased, this increase failed to keep pace 
with the rapid expansion of U.S. and 
world supply. 

Petroleum consumption, including natu- 
ral gas liquids, climbed to 5,160 million 
barrels, a 5.3-percent increase, but failed to 
match the 7-percent increase recorded in 
1968. During the 1960’s, U.S. consumption 
of petroleum steadily advanced in all the 
major consumer sectors. Throughout the 
decade the transportation sector was the 
largest consumer, utilizing about 50 per- 
cent of gross petroleum consumption. 

An increase of 7.5 percent raised natural 
gas consumption to 20,888 billion cubic 
feet in 1969. The industrial sector contin- 
ued to be the single largest consumer of 
natural gas. 

Bituminous coal consumption in the 
United States reached 507 million short 
tons in 1969, a 1.7-percent gain. The elec- 
tric utility industry was again the largest 
consumer, utilizing 308 million tons of 
coal, a 4.7-percent gain from 1968 con- 
sumption. One hundred cighty million 
tons of coal was used for industrial pur- 
poses, including 95 million tons used to 
make coke. Coal consumption in the 
household and commerical sector, the in- 
dustrial sector, and the transportation sec- 
tor declined for the year. During the past 
10 years, use of bituminous coal in the 
household and commercial sector as well as 
the transportation sector has steadily de- 
clined. However, industrial consumption of 
bituminous coal has risen moderately, and 
consumption by electric utilities has grown 
substantially. Development by electric utili- 
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ties of mine-mouth generating stations, 
which use high-voltage transmission lines 
to transport power, has contributed to the 
increased use of coal. 

Hydropower generation output was 250 


billion kilowatt-hours, a 12-percent in- 
crease from the 1968 level. Nuclear power 


generation output climbed to 13.9 billion ` 


kilowatt-hours, an ll-percent gain for the 
year. 


Future fuel consumption patterns will 
no doubt be influenced by the growing in- 
terest in cleaner air which intensified in 
1969. At the local, State, and national 
level, a switch to low-sulfur fuels as an aid 
in air pollution control was strongly en- 
couraged. In the petroleum industry, envi- 
ronmental attention centered on reducing 
the amount of lead in gasoline. 

Accounting for 31 percent of total en- 
ergy consumption, the industrial sector 
continued to be the major energy market 
in 1969. Within this sector, both petroleum 
and natural gas increased as sources of en- 
ergy, while coal registered a slight decline. 


The transportation sector, the second 
largest energy consumer, accounted for 24 
percent of total energy resources consumed 
in 1969. Petroleum supplied the greater 
part of energy resources required for trans- 
portation, with natural gas and coal 
supplying much smaller amounts. 

Utilizing 23 percent of the total energy 
resource inputs, the clectric utility sector 
increased slightly its share of the total en- 
ergy resource inputs in 1969. Bituminous 
coal and lignite and natural gas remained 
the principal energy sources for this sector. 

In the household and commercial mar- 
ket, both natural gas and petroleum in- 
creased as encrgy inputs, while coal contin- 
ued to trend downward. Natural gas was 
the largest source of energy in this sector. 
The household and commercial sector used 
21 percent of total gross energy inputs. 


For all sectors total gross energy inputs 
advanced 5.3 percent. Fossil fuels comprised 
96 percent of total energy inputs, and 
hydropower and nuclear power accounted 
for the remainder. 


EMPLOYMENT AND PRODUCTIVITY 


Employment.—Employment in the min- 
eral industries increased in 1969, with 
slight gains in total mining and total min- 
erals manufacturing. The increase in min- 
ing employment was concentrated in cop- 
per mining and oil and gas field services. 
Declines were registered for iron ore, coal 
and nonmetals mining, and crude petro- 
leum and natural gas extraction. 

By groupings, percentage changes in em- 
ployment in 1969 compared to 1968 were 
as follows: 


Percent 
Al industries |... + 34 
Mining (including fuels) ` +.5 
Metal mining ___________ 1 9.5 
Nonmetal mining and 
quarrying 22 — 3.0 
Coal mining ___________ rr. 
Crude petroleum and 
natural gas _ _ _ _ _ ___ —2.6 
Oil and gasfield 
services |... 222 + 4.3 
Minerals manufacturing + 1.6 
Nonfuel minerals T24 
Fuels — 1.6 


Employment in selected minerals and 
fuels manufacturing showed a gain of 
14,000 employees in 1969. For the third 
consecutive year, fertilizers and hydraulic 
cement registered declines in employment; 
blast furnaces, steelworks, rolling mills, 
and nonferrous smelting and refining 
gained employees. Petroleum refining em- 
ployment dipped in 1969 for the second 
consecutive year, while employment in 
other petroleum and coal products was up 
slightly. A comparison of mineral industry 
employment in 1960 and 1969 revealed 
that employment gains during the decade 
were concentrated in nonferrous smelting 
and refining and copper mining with 
somewhat smaller gains in oil and gas field 
services, fertilizers, and other petroleum 
and coal products. The largest loss in em- 
ployment in the minerals group was sus- 
tained by the coal industry, which declined 
by over 25 percent in 10 years. 

Hours and  Earnings.—Average hours 
worked in metal mining declined for both 
iron and copper ores in 1969. Following a 
record high for the decade of 47.2 average 
weekly hours in copper mining, the 1969 
figure dipped to 46.3 hours. The decrease 


REVIEW OF THE MINERAL INDUSTRIES 7 


in average weekly hours for iron ore was 
slight, from 41.7 hours in 1968 to 414 
hours in 1969. Average hourly earnings 
were up 6.6 percent for iron ore and 6.1 
percent for copper ore; average hourly 
earnings for metal mining increased 6.4 
percent for the year. In nonmetals mining 
and quarrying, the average number of 
hours worked increased. Average weckly 
earnings climbed by 9.6 percent and 
hourly earnings advanced 7.9 percent for 
this group. For mineral fuels the avcrage 
number of hours worked increased, except 
for crude petroleum and natural gas which 
declined for the first time since 1964. 
Weckly and hourly earnings for fuels were 
up 9 percent and 7.6 percent, respectively. 
In the total mining sector, weekly and 
hourly earnings gained 8 percent for the 
year, reflecting rather healthy gains in 
metal and nonmetal mining and fuels 
earnings. 

In the mineral manufacturing sector, av- 
erage weekly hours increased for fertilizers, 
cement, blast furnaces, steel and rolling 
mills, and petroleum and coal products. 
Slight declines in the average work week 
for petroleum refining and nonferrous 
smelting and refining were recorded. Over- 
all total manufacturing increased slightly 
in average weekly hours. Increases in 
weekly earnings in the nonfuel minerals 
and fuels manufacturing industries ranged 
from 5 to 8 percent, no significant change 
from the 1968 increases. Hourly earnings 
for this group increased from 5.6 to 74 
percent. For total manufacturing all indus- 
tries, the average increase in weekly earn- 
ings was 7.6 percent for the second consec- 
utive year. 

Labor Turnover Rates.—A mixed pattern 
was recorded in the accession rates (hires 
and rehires) for selected mineral indus- 
tries in 1969. The average labor turnover 
rates for iron ore, copper ore, and metal 
mining were up moderately; the rates for 


petroleum refining and nonferrous smelt- 
ing and refining were down slightly. The 
overall accession rate for manufacturing 
was up slightly. Separation rates for metals 
were generally down, but the rate was up 
for petroleum refining and related indus- 
tries. For selected mineral industries, lay- 
off rates declined except for the manufac- 
turing rate and the nonferrous smelting 
and refining rate, which were stable. 

Wages and Salaries.—Wages and salaries 
in all industries continued to rise in 1969. 
For the first time in the 1960’s, wages and 
salaries advanced faster in mining than in 
the manufacturing industries. Following a 
4.9-percent gain in 1968, wages and salaries 
in mining registered a sharp increase of 
10.5 percent for the year. In the manufac- 
turing sector, wages and salaries advanced 
8 percent, a slight decline from the pre- 
vious year; for all industries, wages and 
salaries gained 9.5 percent. Average earn- 
ings per full-time employee in mining rose 
to $8,587, exceeding the $7,768 received by 
manufacturing employees and the $7,087 
all-industry average. An increase of 7.8 
percent in earnings per employee in min- 
ing compared favorably with a 5.7-percent 
increase in manufacturing and a 6.5-per- 
cent increase for all industries. 

Productivity—The productivity indexes 
for 1968 (most recent data available) for 
the production worker man-hour category 
showed gains in all the important mining 
sectors but one. An increase in output per 
production worker man-hour of 3.4 index 
points (1957-59 — 100) was registered for 
crude copper ore in 1968, but for recovera- 
ble copper, the index was down 3.6 points. 
Iron ore, both crude and usable, showed 
increases in output per production worker 
man-hour. For crude iron ore the index 
was up almost 17 points. Bituminous coal 
and lignite gained over 8 points in output 
per production worker man-hour. 


PRICES AND COSTS 


Index of Average Unit Mine Value.— 
For all minerals the index of average unit 
mine value increased by 3.9 points in 1969 
compared with a 1.l-point increase in 
1968. Average unit values for metals and 
fuels gained almost 5 points each, while 
nonmetals were up less than 1 point. 


Among the significant changes in the 
index was a 13.5-point increase in the base 
metals, the result of a very successful year 
for the copper, lead, and zinc industries. 
In the nonmetals category, the average 
value for chemicals declined for the first 
time since 1963. Highlighting the fuels 
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were a continuation of the upward trend 
in crude oil and natural gas and an im- 
pressive rise in the value of bituminous 
coal. 

Index of Implicit Unit Value.—The im- 
plicit unit value index was designed to 
show real price changes and is obtained by 
dividing the value of mineral production 
index, using 1967 constant dollars, by the 
index of physical volume. The resulting 
index of implicit unit value is a price de- 
flator which may be used to show the rela- 
‘tive value of mineral commodities over 
time. In 1969, the total index registered a 
moderate increase of 4.3 points. Metals 
gained sharply for the year, fuels were up 
moderately, and nonmetals registered a 
slight rise. Within the metals group, fer- 
rous metals gained 2 points and nonfer- 
rous metals increased by over 10 points. 
The base metals value in the index in- 
creased by over 13 points as a result, pri- 
marily, of a very sharp rise in value of 
production of copper and a less sharp rise 
in production. Monetary and other nonfer- 
had a 
mixed pattern for the year. In the fuels 
group crude oil and natural gas and coal 
recorded gains. 

Prices.—Price increases in the mineral 
industries in 1969 included a slight in- 
crease in the price of fuels and moderate 
gains in the price of selected metals and 
minerals. Most metal prices were up, espe- 
cially scrap metal. Nonferrous scrap in- 
creased by 25 percent, while the price of 
ferrous scrap rose by about 19 percent. 
Other substantial price increases were re- 
corded for both lead and nonferrous met- 
als, Nonmetals showed a mixed pattern. 
Once again, increases in fertilizer supplies 
exceeded demand and adversely affected 
prices. The price of potash fell by over 20 
percent, and the price of fertilizer mate- 
rials overall was off over 16 percent. On 
the other hand, prices for most building 
materials showed moderate gains. Prices 
for fuels and related products and power 
rose in all categories. 

The average cost of coal, residual fuel, 
and natural] gas was unchanged in 1968 
(the latest year for which data are avail- 


rous metals declined. Nonmetals 


able). Natural gas, for the second consecu- 
tive year, was the cheapest fossil fuel for 
power generation in the United States at 
24.7 cents per million Btu compared with 
25.2 cents for coal and 32.2 cents for oil. 

The average cost of electrical energy de- 
clined to 1.5 cents per kilowatt-hour in 
1968. The New England region, the South 
Atlantic region, the West North-Central re- 
gion, and Alaska and Hawaii had slight 
declines in electrical costs, while the Mid- 
de Atlantic region rose slightly. All other 
regions showed no change. The East 
South-Central region continued to have the 
lowest average cost for power in 1968. Cost 
of electrical energy remained lowest in the 
commercial and industrial markets at 1.3 
cents per kilowatt-hour, and highest in the 
residential market at 2.1 cents per kilo- 
watt-hour. 

Index of Principal Metal Mining Expen- 
ses.—Once again higher index values for 
principal metal mining expenses were re- 
ported for the year. Prices of supplies, 
labor, and fuel increased moderately and 
accounted for almost all of the gain in the 
index; electrical energy costs advanced very 
slightly. Overall, the index was up 4 points 
in 1969, compared with a l-point gain in 
1968. 

Costs.— The indexes of relative labor 
costs and productivity for selected minerals 
generally increased in 1969. In the index 
of labor costs per unit of output, both 
iron ore and copper costs were up 3 index 
points. A very sharp rise in copper value 
of product per man-hour was recorded, 
while iron ore’s value advanced moder- 
ately. The index of labor costs per dollar 
of product increased for iron ore and 
dropped sharply for copper. Except for 
portable air compressors, prices of princi- 
pal mining, construction, and material 
handling equipment were up in every cate- 
gory in 1969. Prices of construction ma- 
chinery and mining machinery increased 
4.1 and 2.8 percent, respectively. In the 
specialized categories, oilfield machinery 
and tools recorded the largest price in- 
crease, while power cranes, draglines, shov- 
els, etc., showed the smallest gain. 
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INCOME AND INVESTMENT 


National Income Generated.—National 
income generated by mining was at a rec- 
ord level of $7.2 billion in 1969, a 5.5-per- 
cent increase. Income from both metal 
mining and coal mining was up substan- 
tially, with increases of 9.2 percent and 
10.5 percent, respectively. In nonmetallic 
mining and quarrying, however, income 
was down 2.7 percent. Income in manufac- 
turing reached a record high of $226 bil- 
lion in 1969. For stone, clay, and glass 
products, income was up 9 percent. An 8- 
percent rise in income was recorded for all 
industries in 1969. 


Profits and Dividends.—The 1969 aver- 
age annual profit rate on shareholders' eq- 
uity for manufacturing was 11.5 percent, 
the lowest since 1964 and a decline from 
the 1968 figure of 12.1 percent. The profit 
rate for primary metals was up less than 1 
percent, while iron and steel remained at 
the 1968 level. Primary nonferrous metals 
were up 1.5 percent, reflecting a generally 
good year for copper, lead, and zinc. Stone, 
clay and glass products remained the 
same, while chemicals were down to 12.8, 
the lowest point since 1963, but still the 
highest profit rate of the selected indus- 
tries in table 42. Average profits for petro- 
leum refining and related industries de- 
clined to 11.7 percent. In general, the 
profit rate for most industries in table 42 
declined or remained the same in 1969 ex- 
cept for the primary nonferrous metals, 
and consequently the primary metals. Divi- 
dends for all manufacturing in 1969 were 
up 6.1 percent to $15 billion, compared 
with a 7-percent rise in 1968. Petroleum, 
chemicals, and primary nonferrous metals 
showed gains in dividends, while primary 
iron and steel, and stone, clay, and glass 
products were down. 

In the whole economy, business failures 
in 1969 were the smallest number in any 
year since 1953 and 5 percent less than in 
1968. Total liabilities, however, were up 21 
percent from the 1968 level. In the mining 
sector there were 23 fewer failures for the 
year with liabilities of $15,104,000, a decline 
of almost 50 percent from 1968. Manufac- 
turing liabilities, meanwhile, were up 49 
percent for the year, while the number of 
business failures in manufacturing showed 
little change. 


New Plant and Equipment.—Expendi- 
tures for new plant and equipment by 
mining firms totaled $1.86 billion, up $23 
million from 1968. In the manufacturing 
category, expenditures for primary iron 
and steel declined. However, primary non- 
ferrous metals, stone, clay and glass prod- 
ucts, chemicals and allied products, and 
petroleum and coal products all recorded 
gains in new plant and equipment expend- 
itures. Expenditures in the all-manufactur- 
ing category increased 12 percent to $31.68 
billion. 

Plant and equipment expenditures of 
foreign affiliates of U.S. companies in min- 
ing and smelting rose by $190 million to 
$1.2 billion in 1969, an 18-percent increase. 
Petroleum expenditures were up to $4.2 
billion; manufacturing expenditures in- 
creased by 28 percent to $5.3 billion. Each 
reporting area showed gains in mining and 
smelting, petroleum, and manufacturing 
investment for 1969. 

Issues of Mining Securities.—Estimated 
gross proceeds of new corporate securities 
offered for the extractive industries in 1969 
were $1,721 million, considerably more 
than the $594 million offered in 1968. 
Over 75 percent of the proceeds in the ex- 
tractive industry offerings during the year 
came from common stock, about 22 per- 
cent came from bonds, and less than 1 
percent came from preferred stock. 


Sources and Uses of Funds.—The latest 
available data at the time of printing on 
the "Sources of funds of direct foreign in- 
vestment by U.S. mining and smelting in- 
dustries" and "Uses of funds for direct for- 
eign investment by U.S. mining and 
smelting industries" are 1965 figures which 
have previously been published in the 1967 
and 1968 Minerals Yearbook. (See tables 
44 and 45 in the 1967 Minerals Yearbook 
or tables 49 and 50 in the 1968 Minerals 
Yearbook). Publication of "Sources and 
Uses" will be resumed in the 1970 Miner- 
als Yearbook, using more current data. 


Foreign Investment.—At the end of 1968, 
the book value of direct private investment 
in foreign petroleum industries was almost 
$19 billion, a $1.4 billion increase from the 
beginning of the year. Capital outlays ac- 
counted for most of this investment gain. 
Investment in Canadian enterprises, which 
has increased every year in the 1960's, grew 
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by about $0.3 billion in 1968. Investments 
in Latin American and other Western 
Hemisphere countries, which had regis— 
tered declines from 1961 to 1967, increased 
by about $0.2 billion in 1968. In the Mid- 
die East, U.S. petroleum investment was 
up less than $0.1 billion as petroleum ex- 
ploration activities moved to other areas, 
notably Africa, which showed the largest 
area increase of over $0.3 billion. Book 
value for all industries rose from $59.5 bil- 
lion to $64.8 billion. 

In 1968, the value of U.S. direct invest- 
ment in foreign mining and smelting in- 


dustries rose $0.6 billion to $5.4 billion. 
The value of such investment in Canada 
increased about S0.3 billion, while invest- 
ment in Latin America was up almost $0.2 
billion. The Latin American increase was 
concentrated in Mexico, Brazil, Chile, and 
Peru. During the 1960’s the combined Ca- 
nadian and Latin American share of total 
U.S. direct investment has consistently 
been over 70 percent, with Canada's share 
of the total investment figure exceeding 
the Latin American share. Both income 
and earnings rose in 1968, as they have 
every year in the 1960's except 1961. 


TRANSPORTATION 


The transportation of selected minerals 
and mineral energy products by rail and 
water advanced slightly during 1968 (latest 
data available). Overall, total mineral 
products transported by rail and water ad- 
vanced about 2 percent each in 1968. Ex- 
cept for bauxite and other aluminum ores 
and concentrates, all selected metals regis- 
tered slight to moderate increases in 
quantities transported by rail. Nonmetals 
had a mixed pattern. Overall, the quantity 
of selected metals and nonmetals trans- 
ported by rail was up 2.4 percent for a 
total of 426 million short tons. Transporta- 
ton by water of selected metals and non- 
metals increased 4.7 percent to 224 million 
short tons. 

Commodities showing a higher quantity 
transported by water than rail included 
gypsum and plaster rock, liquid sulfur, 
limestone flux and calcareous stone, and 
crushed and broken stone. Significant 
changes in table 50 included a 68-percent 
decline in the amount of other nonferrous 
ores and concentrates shipped by water. 
Also, the quantity of dry sulfur trans- 
ported by water fell over 35 percent. 

The greater part of mineral fuels and 
related products continued to be moved by 
water in 1968. The quantity of fuels trans- 
ported by water was up less than ] per- 
cent while rail transport of fuels declined 
] percent. Bituminous coal, crude pe- 
troleum, and gasoline continued to account 
for the majority of mineral energy re- 
sources transported by water. 

A comparison of rail and water trans- 
portation of selected minerals and mineral 
energy products in 1960 and 1968 indicates 
no significant change. Most metals contin- 


ued to be transported by rail throughout 
the decade. Among the nonmetals, most 
construction matcrials relied on rail trans- 
portation also. In the minerals fuels, an- 
thracite continued to be transported by 
rail although the quantity transported in 
1968 was only about 50 percent of the 
1960 level, owing to declining production. 
Bituminous coal and lignite utilized rail 
transportation throughout the 1960’s with 
a moderate increase in quantity trans- 
ported. The quantity of crude petroleum 
transported by water gained, while rail 
transportation of crude petroleum further 
declined. 


Gas pipeline mileage totaled 862,000 
miles in 1968 (latest year for which data 
are available) or 4 percent more than in 
1967. Natural gas lines continued to com- 
prise about 99 percent of the total, with 
the remaining 1 percent divided among 
manufactured, mixed, and liquefied petro- 
leum gas. 

Total petroleum pipeline mileage, re- 
corded at the beginning of 1968 (latest 
data available) at 210,000 miles, was down 
slightly less than 1 percent, the first reduc- 
tion in the last four decades. Total pipe- 
line fill at the beginning of 1968, at 104.6 
million barrels, was 3.9 percent greater 
than that reported for 1965. This was a 
markedly lower increase than that shown 
for 1962-65. Of the total petroleum pipe- 
line mileage reported in 1968, 35 percent 
was in crude gathering systems in field op- 
erations, 34 percent in larger size crude 
trunklines, and 31 percent in petroleum 
product pipelines that extend from refiner- 
ies to distribution terminals. 
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RESEARCH ACTIVITIES 


Data on national expenditures for rc- 
search and development activities in se- 
lected industries in 1967 (latest year for 
which data are available) showed that 
chemicals and allied products accounted 
for 9.5 percent of total funds expended. 
Petroleum refining and extraction  ac- 
counted for 2.9 percent of the total, 
slightly more than in 1966. Federal funds 
in 1967 made up slightly under 15 percent 
of the total spent for chemicals and allied 
products research, and slightly under 10 
percent of that expended on petroleum re- 
fining and extraction research. Only about 
3.0 percent of Federal funds available for 
industrial research was spent on research 
related to the chemical industry and the 
petroleum industry. Of this amount, 2.5 
percent was expended for chemicals and 
allied products research, and 0.5 percent 
on petroleum refining and extraction. 


Bureau of Mines.—During 1969 the Bu- 
reau of Mines continued its work on re- 
search problems under established pro- 
grams for minerals and mineral fuels 
research and resource development. Em- 
phasis again was placed on insuring ade- 
quate mineral supplies at reasonable cost 
to the consumer with no sacrifice in envi- 


ronmental quality. Research projects con-. 


centrating on waste recycle were stressed 
by the Bureau in recognition of the in- 
creasing urgency of many problems of an 
environmental nature. Health and safety 
rescarch received renewed incentive with 
the passage into law of the Federal Coal 
Mine Health and Safety Act. Bureau ef- 
forts continued to stress an inherently 
safer, economic, and environment-preserv- 
ing technology for the mining of coal. 
Mining and metallurgical research contin- 
ued to explore new technologies for recov- 
ery and utilization of our national mineral 
resources. Research continued in petroleum 
and coal research to meet expanding en- 
ergy requirements with dependable low- 
cost fuel supplies. In economic studies, 
environmental projects as well as supply 
and demand studies received special atten- 
tion. 


Bureau of Mines funding obligations for 
mining and mineral research and develop- 
ment totaled $46.0 million for fiscal year 
1970. Fifty-nine percent of this amount 
was allocated to applied research, 14 per- 


cent to basic research, and 27 percent to 
development. Total research funds of $33.5 
million obligated by the Bureau for fiscal 
year 1970 were divided as follows: engi- 
neering science, $23.7 million; physical sci- 
ences, $7.5 million; mathematical sciences, 
$0.6 million; and environmental sciences, 
$1.8 million. 

Highlights of the accomplishments of 
Bureau research programs, including work 
in progress, follow. 

Mining Research.—In 1969 research ef- 
forts to minimize the hazard of explosive 
methane in coal mines produced techniques 
for laboratory simulation of underground 
conditions that govern methane desorption 
from coal. In an experiment in which bore- 
holes were drilled vertically from the 
surface to remove large volumes of methane 
from gob areas formed by an advancing 
longwall face, concentrations of the explo- 
sive gas in the mine atmosphere were re- 
duced sufficiently to permit an additional 
daily operating shift. Sealing abandoned 
coal workings to exclude air was shown to 
be a promising method, in certain condi- 
tions, of reducing water pollution from 
acid mine drainage. In an experiment in 
which a small abandoned mine was air- 
sealed, the sulfuric acid in the discharge 
was reduced by the equivalent of 15 tons 
per year. 

Field tests were completed and engineer- 
ing criteria and instrumentation developed 
to relate structural damages to ground vi- 
brations caused by nearby blasting opera- 
tions. This information will enable local 
governments to formulate blasting codes to 
protect residential and commercial proper- 
ties and permit mining and construction 
organizations to devise means of utilizing 
explosives to minimize damage. Micro- 
seismic equipment and techniques were de- 
veloped to detect and locate high-stress 
areas in rockburst-prone mines. The proce- 
dure makes it possible for mining compa- 
nies to locate stress concentrations and im- 
plement destressing operations to prevent 
dangerous rockbursts. Studies to relate rock 
properties and behavior to the application 
of various forms of energy yielded basic 
information needed to advance the tech- 
nology of rock breaking. 


As a result of a 3-year research effort, a 
system of television camera and calibration 
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probe was developed to locate, measure, 
and monitor subsurface movements in ver- 
tical drill holes. The technique will permit 
carly detection of ground movements and 
enable mine operators to devise improved 
safety measures. 


In marine mining, the order of priorities 
for rescarch was reexamined. As a result, 
emphasis was shifted to the problems of 
predicting and preventing environmental 
disturbances that may be caused by mining 
as it develops off U.S. shores. Since consid- 
erable information and data needed to be 
developed to provide a basis for research 
in this area, the major research activities 
during the year continued to deal with the 
problem of accurately sampling and char- 
acterizing seafloor mineral deposits. In- 
house research into drill sampling and 
geophysical characterization of seafloor de- 
posits was augmented by cooperative efforts 
with industry and universities. 


Metallurgy Research—The Bureau's 
electrooxidation process for recovering gold 
from the carbonaceous gold ores of Nevada 
was extended to mercury recovery from 
ores containing as little as 0.6 pound of 
mercury per ton of ore. The new mercury 
process eliminated the roasting step in 
conventional mercury ore processing by 
electrolytically oxidizing the insoluble mer- 
cury sulfides to the soluble oxide form 
from which elemental mercury is precipi- 
tated with zinc. The electrooxidation step 
permitted mercury recoveries of greater 
than 90 percent from ores previously too 
lean for economic processing. Not only did 
the new process appear to be more eco- 
nomical and efficient than the older roast- 
ing technique, but it also greatly reduced 
the dangers of salivation of workers in the 
mercury industry and eliminated the pro- 
duction of SO2, an atmospheric contami- 
nant. Preliminary work on low-grade silver 
ores indicated that electrooxidation may 
also permit much higher silver recoveries 
from these ores than conventional process- 
ing. 

An important new antipollution process 
for removing and recovering sulfur from 
dilute copper smelter stack gases was de- 
veloped and is currently undergoing pilot 
plant testing at a large Arizona smelter. In 
the initial part of the process, particulate 
matter and sulfur trioxide were cleaned 
from the stack gas. The sulfur dioxide in 
the gas was then absorbed in sodium acid 


citrate solution. The clean gas discharged 
from the absorption tower met even the 
most demanding of air quality standards. 


As part of the Bureau’s continuing re- 
search on developing new electrolytic re- 
duction techniques for preparing high-pu- 
rity rare-earth metals and alloys, a 
samarium-cobalt intermetallic compound 
was prepared. The compound was suitable 
for use in permanent magnets and had a 
magnetic strength at least five times that 
of conventional Alnico magnets of similar 
size and geometry. Replacement of Alnico 
magnets with much smaller rare-earth 
magnets of equal magnetic strength could, 
in the near future, lead to the production 
of electric motors that are one-quarter 
their present size. 


Research was undertaken to develop a 
continuous process for making steel in 
electric furnaces to replace the present 
batch process. Both power and heat losses 
were minimized by the development of a 
heat exchanger using only the heat from 
furnace off-gases to preheat the scrap 
charge. Preheating also decreased the tap- 
to-tap time of the furnace, thus permitting 
increased stecl output and lower costs per 
ton of metal produced. For direct steel- 
making prereduced iron ore pellets must 
have less than 3 percent silica, which is 
much lower than the silica levels resulting 
from the prereduction of normal oxide pel- 
lets. Using conventional beneficiation tech- 
niques, the Bureau developed a method 
for producing iron concentrates with 2 
ercent silica from the magnetic iron con- 
centrates generated during conventional ta- 
conite processing. Use of these low-silica 
concentrates in direct steelmaking, such as 
in the BOF or electric furnace, represents 
a potential savings of 5 to 10 percent in 
operating costs, and an estimated one-third 
reduction in capital costs for most steel- 
makers. 


Waste Recycling Research.—Undesirable 
air and land pollution problems associated 
with the more than 200 million tons of 
waste tailings generated by the base metals 
industry each year have been partially 
solved by the development of new stabili- 
zation techniques. The Bureau demon- 
strated that the tailings ponds can be re- 
stored to productive land with chemicals, 
vegetation, or combinations of both. Stabi- 
lization procedures that encourage the 
growth of grass, coniferous trees, and other 
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vegetation have been developed and found 
effective for preventing wind and water cr- 
osion. In an effort to combat the pollution 
from stack gas discharges from the basic 
oxygen and electric steel furnace and to 
recover the valuable constitutents con- 
tained in the dusts, the Bureau has devel- 
oped techniques for recovering the nonfer- 
rous elements in the dusts and for 
preparing a purified iron oxide for recycle 
to the ironmaking process. The value of 
the recovered base metals alone should pay 
for much of the cost of this operation. 
The urban waste utilization rescarch for 
recovering and recycling the metal, min- 
eral, and energy values contained in mu- 
nicipal incinerator residues has progressed 
to the point where the Bureau's separation 
pilot plant is being proposed as a national 
prototype installation. The pilot plant was 
designed to process up to 1,000 pounds of 
refuse per hour, separating the material 
into metallic iron concentrates, clean non- 
ferrous metal composites, clean fine glass 
fractions and fine carbonaceous ash. All of 
these components can be reprocessed and 
reused in various forms. 


The Bureau's smokeless automobile in- 
cinerator has undergone testing to deter- 
mine optimum operating conditions and 
material and cost balances. The incinerator 
was built to process two cars at a time, 
and preliminary tests indicate a 52-car 
capacity per 8-hour work shift. The smoke 
normally associated with automobile incin- 
eration is absent in the Bureau incinerator 
because all unoxidized material is com- 
pletely burned with natural gas in an af- 
terburner operating at 1,350? F. Moreover, 
the incinerator allows smokeless burning of 
hard-to-burn materials, including insulated 
copper wire. The installation costs less 
than $25,000, maintenance is minimal, and 
the cost to incinerate one car is estimated 
at only $2.25. In cooperation with a major 
U.S. rubber company, the Burcau devel- 
oped a process by which scrapped automo- 
bile tires may one day become a source of 
valuable products, heat, and power. In this 
work surprisingly large quantities of chem- 
icals, oil, gas, and ‘tar were produced by 
the pyrolysis of shredded tires. 


Based on a Bureau technique developed 
to convert lignite to oil, carbon monoxide 
and steam were applied under pressure to 
transform garbage into a petroleum.like 
liquid. In early tests at 5,000-pounds per 


square inch gage (p.s.i.g.) pressure and 380° 
C, the organic content of garbage was con- 
verted, to the extent of 90 percent, to a 
benzene-soluble product and water. In re- 
lated work, destructive distillation (also 
known as carbonization) was used effec- 
tively to produce oil, gas, and a residual 
char from municipal wastes. In one test, 
charged wastes were converted to products, 
which in addition to the residual char 
amounted to 55 percent liquor, 3 percent 
tar and light oils, and 27 percent gas. The 
available heating value of the gaseous com- 
ponent was equivalent to 4 million Btu 
per ton of treated waste—more than 
enough heat to make the process thermally 
sclf-sustaining. 


A new technique was developed to re- 
cover gold from scrap electronic solders. 
Small amounts of aluminum were added 
to the molten solder to form a separable 
solid phase. Over 99 percent of the gold 
contained in the scrap solders was recover- 
able by conventional base-bullion treat- 
ment of the scparated phase. 


Coal Research.—In 1969 progress was 
achieved in several areas of coal gasifica- 
tion. For example, the first successful test 
was completed with the Bureau's fixed-bed 
pressurized gas producer, operating with a 
strongly caking coal feed. This test in- 
volved conversion of Pittsburgh seam coal 
into a gas rich in hydrogen and carbon 
monoxide. In other coal gasification work, 
successful. operation of the new 40-atmos- 
phere pilot plant produced a methane-con- 
taining gas, capable of catalytic enrichment 
to the methane content level of natural 
gas. Future plans encompass the design, 
construction, and operation of a prototype 
semicommercial coal-to-gas plant, having a 
production capacity of 2.5 million cubic 
feet per day of high-Btu gas. In a third 
Bureau gasification research effort, experi- 
ments revealed that coal could be accepta- 
bly converted to pipeline gas by hydrogasi- 
fication under a pressure of 1,000 p.s.i.g.—a 
pressure one-third as low as that found to 
be essential in previous tests. 


In work directed toward improving the 
quality of air, continuing exploratory tests 
showed that complete removal of sulfur 
oxides as well as 75 percent of the equally 
objectionable nitrogen oxides could be ac- 
complished by injection of ammonia into a 
stream of synthetic flue gas, which was 
then water scrubbed. Sufficient interest was 
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generated to warrant consideration of ex- 
panding this investigation to a pilot-scale 
operation. In related work two catalysts, 
nickel oxide and zirconium oxide, success- 
fully removed 100 percent of the nitric 
oxide from a simulated flue gas comprised 
of nitrogen, oxygen, carbon dioxide, water 
vapor, and nitric oxide. With the nickel 
oxide catalyst, however, the presence of 
sulfur dioxide in the simulated flue gas re- 
duced catalyst effectiveness and interfered 
with its regeneration. In the study of foul- 
ing characteristics of U.S. coals, samples of 
a variety of Illinois bituminous coals were 
burned in the Bureau's 75-pound-per-hour 
furnace to compare their ash deposition 
behavior with that of North Dakota lig- 
nites. It was found that the deposition rate 
of “fouling” bituminous coal was half that 
of “fouling” lignite, indicating the more 
scrious nature of the problem with respect 
to lignite combustion. 


In work applicable to monitoring dusty at- 
mospheres, Bureau research successfully 
utilized a laser beam to count the number 
of dust particles having a size range of 1 
to 10 microns and less. A monitoring unit 
with such capability will have increasing 
importance in analyzing coal mine atmos- 
pheres and other dust-laden environments. 
Research progress was also made during 
the year in the area of combustion of pul- 
verized coal and char. Base tests with bitu- 
minous coal were completed in the Bu- 
reau's 500-pound-per- hour experimental 
furnace, and combustion efficiencies as high 
as 98 percent were obtained. In firing with 
char having a 3-percent volatile content, it 
was found necessary to supplement this 
volatile with natural gas—to the extent of 
25 percent of the total heat input—to 
maintain stable combustion. 


Investigative research was conducted on 
the operation of the Bureau's magnetohy- 
drodynamics (MHD) combustor’ with 
K>COs seed added to the combustion prod- 
ucts. Spent seed regeneration was under 
study on the premise that if regeneration 
could be accomplished before the seed is 
recycled to the magnetohydrodynamics gen- 
erator, the effluent gas from the magneto- 
hydrodynamics-topped power plant would 
be sulfur free. During the year regeneration 
of spent seed with a reducing gas of 
4H / COz composition in a differential reac- 
tor produced sulfur conversion as high as 


9] percent, considerably higher than ear- 
lier test yields. 

Petroleum Research.—In nuclear projects 
a 6-month flow test was completed on 
Project Gasbuggy, bringing the total num- 
ber of cubic feet of gas produced during 
flow tests from this project to 200 million. 
Project Gasbuggy was the first experimen- 
tal use of a nuclear device to stimulate gas 
production in tight formations. The nu- 
clear device for Project Rulison was suc- 
cessfully detonated in September 1969. 
Rulison was the first test of the commer- 
cial feasibility of nuclear devices to de- 
velop large natural gas resources that can- 
not be recovered economically by present 
production methods. Two nonnuclear ex- 
plosive fracturing tests in a shallow gas- 
producing formation in Oklahoma were 
successfully completed in cooperation with 
an oil company. This research is aimed at 
making economically available those gas 
resources in tight formations too shallow 
for nuclear stimulation. 


A rapid, inexpensive technique for 
applying information on surface-joint and 
fracture orientations to petroleum explora- 
tion was developed during 1969. Examina- 
tion of the surface-fracture patterns and 
the location of completed oil and gas wells 
led to the conclusion that the better wells 
are located at the intersection of several 
surface-fracture zones. It was further 
shown that well-bore fracture orientations 
correlated with surface-fracture orienta- 
tions. 


Results of that research on asphalt led 
to an expanded program that includes co- 
operative projects supported by the Bureau 
of Public Roads, U.S. Department of 
Transportation. The expanded program is 
to include a study of the interaction be- 
tween paving asphalts and the types of 
rock aggregate commonly used in paving 
mixes. A new technique, developed during 
the past year, led to substantial progress in 
understanding the chemistry of asphalt in- 
teractions observed earlier while using In- 
verse Gas Liquid Chromatography (IGLC). 
The IGLC method was previously devel- 
oped by the Bureau to obtain empirical 
correlation between certain asphalts and 
their durability in use. Seventy-five out of 
a total of 160 oilfield brine samples from 
various oil-productive basins of the United 
States were analyzed as part of a coopera- 
tive water pollution study for the Okla- 
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homa Corporation Commission. The re- 
mainder of the samples were studied to 
determine if they contained minerals 
which might be economically recovered. 


Work was completed and a publication 
prepared on computerized methods of ob- 
taining data for making an economic anal- 
ysis of potential waterflooding operations 
in an oilfield. Also completed was a sup- 
plement to the decks of crude oil analysis 
automatic data processing cards to make 
available in coded form analytical data ac- 
cumulated through 1967. 


Oil Shale Research.—Research by the 
Bureau on the feasibility of retorting oil 
shale in situ entered a new phase with a 
successful demonstration at a site near 
Rock Springs, Wyo. The oil shale zone at 
this site had been prepared by a combina- 
tion of fracturing techniques. At the termi- 
nation of the experiment, the volume of 
oil recovered was increasing and percent 
oxygen utilization was improving daily. 
Approximately 190 barrels of shale oil 
were collected for analysis. Other in situ 
research was highlighted by successful com- 
pletion of the first two runs of a new 150- 
ton batch retort in which ungraded oil 
shale ranging up to 4-ton blocks was re- 
torted with oil recovery reaching 62.2 per- 
cent of Fischer assay. This retort simulated 
conditions expected in a nuclear fractured 
oil shale bed. Research also continued on 
characterization of shale oil fractions and 
on the minerals associated with oil shale. 
Completion of a study of a Coloredo core 
produced results indicating that the condi- 
tions causing diagenesis were sufficiently 
great to remove functional groups from 
the kerogen and soluble extract, but not 
great enough to remove hydrogen from hy- 
droaromatic structures or to cleave car- 
bon-carbon bonds in significant amounts. 
New research aimed at environmental 
problems associated with conventional min- 
ing and aboveground retorting of oil shale 
was initiated. This research included com- 
position studies of retort waters and condi- 
tioning and vegetation studies on spent 
shale piles. 


The Bureau also provided technical and 
other assistance in connection with a pro- 
posed new Departmental program to per- 
mit leasing of a number of tracts of public 
oil shale lands in Colorado, Utah, and Wy- 
oming. This program, still in its planning 
stages, was expected to provide material 


encouragement toward development of an 
oil shale industry under conditions that 
ensure full protection of the environment. 

Economic Studies.—The Bureau contin- 
ued to emphasize analysis of the economic 
forces within the mineral industry and of 
the economic relationship between the in- 
dustry and the national economy. 

Results of studies completed in 1969 in- 
cluded the final publication in the series 
of studies on energy balance, a study of 
the natural gas liquids industry, and a 
study of the demand for steel by each of 
its major end uses. 

Several environmental impact projects 
were completed in 1969, including a study 
undertaken by contract to provide a com- 
puter model that estimates costs of not 
conserving sand, gravel, and crushed stone 
resources. In addition, several studies were 
made on the probable impact of the re- 
cently passed mine safety act on industrial 
and social costs. Work continued on in- 
put-output tables in the Bureau with spe- 
cial emphasis on “multipliers” that permit 
estimation of the impact of additional 
mineral consumption on the national econ- 
omy. 

Among the research projects recently 
completed by contract were an analysis of 
the mineral industry's impact on the 
United States balance of payments, an em- 
pirical and theoretical study of the modern 
exploration process, and a study of mineral 
price behavior. 


Health and Safety.—As a result of the 
explosion at the Consol No. 9 mine in 
West Virginia, major efforts were directed 
towards eliminating hazards in coal min- 
ing, especially fires and explosions, falls of 
roofs, and injurious respirable dust pro- 
duced in mining. Because of increased 
mechanization to meet ever-increasing de- 
mands and a minimal level of research ef- 
fort in the past to develop the technology 
to cope with the resulting problems, 
health and safety hazards in coal mining 
are numerous and severe. The Federal 
Coal Mine Health and Safety Act of 1969 
stipulated concerted research to provide 
more effective means to improve the work- 
ing conditions in the Nation's coal mines. 
A significant increase in effort was planned 
for immediate implementation. 


During the year, a systems engineering 
firm was granted a contract to conduct a 
study on the status of coal mining technol- 
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ogy and needs for research, with primary 
emphasis on health and safety. A 1-year 
study on post-disaster survival and rescue 
techniques was undertaken for the Bureau 
of Mines by the National Academy of En- 
ginecring to develop a research program to 
improve rescue techniques and to increase 
the prospects for survival of trapped mine 
workers. 

Inhouse research was conducted on the 
formation, nature, behavior, detection, and 
control of respirable dust; the prevention 
and quenching of gas/dust explosions; roof 
control measures; development of improved 
instrumentation for detection and measure- 
ment of hazardous atmospheric conditions 
in mines; development of improved analyt- 
ical methods and techniques for toxic and 
other hazardous constitutents that may be 
encountered in mines; and development of 
portable instruments for determining the 
incombustible content of coal dust. 

Explosives and Explosions Research. 
The development of new low-cost explo- 
sives from ammonium nitrate continued to 
be a major area of research. Slurries were 
formulated which met schedule standards 
for gassy mines, and which could be stored 
for several months. Two of the slurries 
were pumpable, and two were rigid 
enough for packaging. Experiments to 
compare the action of various commerical 
extinguishants with that of rock dust in 
inhibiting coal mine fires were initiated. 
Progress continued in elucidating combus- 
tion mechanisms of individual coal particles 


and of coal dust-methane-air dispersions. In 
continuing research on mechanisms con- 
trolling deflagration, a good experimental 
correlation was obtained for theoretical 
concepts of low-velocity detonation devel- 
Oped earlier. 

In the first of two investigations com- 
pleted for the National Aeronautics and 
Space Administration, the thin films de- 
posited by hydrazine/hydrazine nitrate solu- 
tions on the walls of Apollo attitude con- 
trol engines were found to contribute signi- 
ficantly to “hard start" problems in these 
engines. In the second, the detonability of 
gaseous nitric oxide was investigated at 
pressures up to 1,000 pounds per square 
inch gage. Hazards associated with the 
marine transport of liquefied natural gas 
and of liquid chlorine were investigated for 
the U.S. Coast Guard. 

Helium Conservation.—The helium con- 
servation program in 1969 stressed the 
maximum beneficial use of helium re- 
sources in the United States for production 
and sale of helium for current use, the ac- 
quisition and storage of helium that would 
otherwise be wasted when helium-bearing 
natural gas is used for fuel, and helium- 
oriented research and development. Acqui- 
sition and storage of helium is aimed at as- 
suring a reserve supply after presently known 
helium resources are depleted. Research is 
presently focused on improving processes 
and reducing costs of helium analysis, ex- 
traction, and purification, and on improv- 
ing liquid-helium handling technology. 


LEGISLATION AND GOVERNMENT PROGRAMS 


Legislation of interest to the minerals in- 
dustry in 1969 centered principally around 
the Tax Reform Act and the Federal Coal 
Mine Health and Safety Act. Following an 
11-month discussion, Congress, in overhaul- 
ing the Nation's tax structure, reduced the 
mineral industry's long-standing depletion 
allowance. In the case of oil and gas, the 
depletion allowance was cut from 27.5 to 
22 percent. The rate for sulfur, uranium, 
and strategic minerals was reduced from 23 
to 22 percent. Minerals previously allowed 
15 percent were cut to 14 percent with 
certain exceptions. The depletion allow- 
ance for minerals which previously had an 
allowance under 15 percent remained un- 
changed. Another part of the Tax Reform 
Act was the repcal of the 7-percent invest- 


ment tax credit for business equipment 
purchases, retroactive to April 1969. 

The Farmington, W. Va., mine disaster 
in late 1968 claimed 78 lives and set the 
stage for intense interest in a mine safety 
bill. Enacted in December 1969, the law 
has not been in force long enough to 
judge its effectiveness; however, its provi- 
sions are generally regarded as setting 
strict standards for mine safety. Highlight- 
ing the law are provisions which place lim- 
its on the amount of coal dust in the at- 
mosphere of underground mines, provide 
strict safety standards for underground 
mine equipment, require compensation for 
miners disabled by pneumoconiosis, and 
authorize Federal funds for mine health 
and safety research. The new law also 
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requires Federal health and safcty inspec- 
tions to be made by the Bureau of Mines 
and imposes fines for violations of the act. 
Congress passed the National Environ- 
mental Policy Act late in 1969, and the 
bill was signed into law on January 1, 
1970. A prominent feature of the law was 
the establishment of a Council on Environ- 
mental Quality with responsibilities to de- 
velop new environmental programs and see 
that all Federal Government agencies ex- 
amine the environmental impact of their 
programs. The President submitted to 
Congress a trade bill that would restore 
Presidential power to make limited tariff 
reductions. The bill envisioned elimination 
of the American selling price (ASP) sys- 
tem in which certain duties are based on 
the domestic selling price of competing 
U.S. products. Also during 1969 a bill was 
introduced and passed in the Senate to 
establish a national mining and minerals 
policy. Besides encouraging the develop- 
ment of an economically sound domestic 
mincrals industry and providing direction 
in the management of mineral resources, 
the bill would require an annual report 
on the status of the domestic minerals in- 
dustry by the Secretary of the Interior. 
Regarding the national stockpile pro- 
gram during 1969, the acquisition cost of 
Strategic materials totaled $6.6 billion, 
down slightly from the 1968 figure, and 
the market value amounted to $7.2 billion. 
Inventories considered in excess of conven- 


WORLD 


World Economy.—Although the gross 
national product (GNP) in the major in- 
dustrial countries continued to rise in 1969, 
rates of growth varied considerably. In the 
United States, GNP was up 7.7 percent, 
but a very large part of this gain resulted 
from a rise in price (real GNP grew by 3 
percent). Among the Western European 
countries, Germany and France registered 


striking increases in real GNP of over 8 
percent (France's increase partly reflected 
strikes in 1968). On the other hand, the 
United Kingdom's increase in real GNP 
was approximately 2 percent. Increases in 
industrial production also ranged from 
moderate increases for the United States 
and Canada to more substantial increases 
for West Germany and Japan. 


tional stockpile needs were valued at $2.84 
billion at cost and $2.76 billion at esti- 
mated market valuc. Twclvc materials ac- 
counted for 80 percent of the market value 
of the stockpile excesses, and this group 
included aluminum,  mctallurgical-grade 
bauxite (Jamaica and Surinam), metal- 
lurgical-grade chromite (upgraded forms 
and subspecification ores) , cobalt, industrial 
diamond stones, lead, metallurgical-grade 
manganese, quartz crystals, tin, tungsten, 
and zinc. Congress authorized the disposal 
of 100,000 short tons of excess lead with a 
market value of $30 million. Major min- 
cral stockpile items sold in 1969 were 
tungsten, aluminum, silver, cobalt, molyb- 
denum, magnesium, and nickel. In all, 
$327 million of mineral commodities were 
disposed of in calendar year 1969, a 77-per- 
cent increase from the 1968 figure. 

Continued exploration for new domestic 
sources of strategic and critical mineral 
commodities was encouraged under a pro- 
gram of Federal financial assistance admin- 
istered by the Office of Mineral Explora- 
tion (OME). During 1969, 12 contracts 
representing Government funding of $0.3 
million were executed. Gold, silver, 
mercury, copper, and uranium were the 
principal commodities toward which the 
program was directed. Initiated on the be- 
half of small mine operators, the OME pro- 
gram has been an important factor in 
maintaining adequate supplies of vital min- 
erals. 


REVIEW 


World Production.—World output of 
minerals and mineral fuels gencrally in- 
creased in 1969. In the mineral fuels sec- 
tor, total output of crude petroleum climbed 
to 15.2 billion barrels, an 8.1-percent in- 
crease from 1968. Total natural gas output 


advanced to 34 trillion cubic feet, a 
9.6-percent gain. World production of 
principal nonmetals also generally in- 


creased in 1969. Among metallic ores, total 
copper output reached 6.7 million short 
tons, a 13-percent increase, and iron ore 
production totaled 713 million long tons, a 
6.3-percent increase. On a smelter basis, 
world production of copper was up 7.3 
percent, and pig iron gained 8.2 percent. A 
sharp increase in world lead production 
(14 percent) brought total lead output 
(on a smelter basis) to 3.7 million short tons. 
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The U.S. share of metallic ore produc- 
tion in 1969 generally declined. The per- 
cent of total copper ore and total lead ore 
produced by the United States increased, 
however. Nonmetals and fuels supplied by 
the United States, as compared to world 
output, continued to decline. 

World Trade.—In 1968 (latest data 
available) the value of world trade for all 
commodities reached $238.7 billion, an 
11.4 - percent increase for the year. Mineral 
commodities accounted for 21.6 percent of 
this total figure or $51.5 billion. Trade in 
the mineral fuels group rose 11 percent to 
$23 billion; trade in the metals category 
increased 13 percent to $26.5 billion. The 
crude nonmetals group increased 5.5 per- 
cent to $2.1 billion. Among mineral com- 
modities, the greatest percentage increase 


in trade was the 18-percent advance in the 
nonferrous metals group. The value of 
major mineral commodities exported from 
the United States in 1968 totaled $3.2 bil- 
lion while imports reached $7.7 billion. 
World Prices.—Following a 2-year de- 
cline, overall export prices for crude min- 
erals increased. by two index points in 
1969. No change was recorded in the fuels 
component of the index. However, the 
index registered a gain of six index points 
in the price of metal ores. Export prices 
for total minerals increased slightly in less 
developed areas in 1969, while the more 
developed nations recorded a moderate in- 
crease. For both the more developed and 
less developed areas, nonferrous base metal 
prices increased substantially for the year. 


Table 1.—Value of mineral production, imports, and exports by groups 


(Millions) 
1965 1966 1967 
Mineral group ! — — —D———ẽ — — 0 
Produc- Imports Exports Produc- Imports Exports Produc- Imports Exports 
tion tion tion 
Metals and nonmetals 
except fuels: 
Non metals $4,933 $354 $185 $5,176 $412 $228 $5,206 $414 $241 
Metals 2, 544 973 154 2,703 1,192 158 2,888 1,117 171 
Pa!!! Souham 7,477 1,327 339 7,879 1,604 386 7,539 1,581 412 
Mineral fuels 14,047 1,295 487 15,088 1,311 490 16,195 1,289 601 
Grand total 2 21,524 2,622 826 22,968 2,915 876 28,784 2,820 1,018 
1968 1969 
Production Imports Exports Production Imports Exports 
Metals and nonmetals 
except fuels: 
Nonmetals........... r $5,448 $490 $246 $5,625 $489 $220 
Metals 2, 703 11, 161 241 3,338 1. 089 246 
Total.. ----------- r 8,151 r 1,651 487 8,963 1,578 466 
Mineral fuels............. 16,820 r 1,309 r 539 17,965 1,428 632 
Grand total 2 r 24,971 r 2,960 r 1,026 26,928 8,006 1,098 
r Revised. 
1 For details, see the “Statistical Summary" chapter of this volume. 
? Data may not add to total shown because of rounding. 
Table 2.—Value of mineral production by group, 1967 constant dollars 1 
(Millions) 
Mineral group 1965 1966 1967 1968 1969 » 
Metals and nonmetals except fuels: 
Nonmetals.- 2 mam mD aaa $5,096 $5,320 $5,200 $5,373 $5,504 
Metals momo ooo U— — en mm mm vm — , , 9 ?, ?, 
z sues secl uide 7,140 8,121 7,533 7,947 8,474 
Mineral fuels. ss 8 14,467 15,318 16,195 16,753 17,061 
Grand total... -------------------------- 22,207 23 , 439 23,728 24,700 25,585 


p Preliminary. 


1 Value deflated by the index of implicit unit value. 
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Table 3.—Indexes of the physical volume of mineral production by group and subgroup 1 
(1967 =100) 


1962 1963 1964 1965 1966 1967 1968 1969» 


METALS 

FertfOUB.. Eden uiu Let 82.8 87.5 98.9 100.9 109.2 100.0 102.4 111.1 
Nonferrous: 

ö; ¾ mrmRGðmr i Cee See iE 118.0 118.0 123.0 132.7 138.4 100.0 120.4 149.6 
Ee oov e ub eue le asa 103.7 98.9 101.0 115.0 123.9 100.0 97.1 115.5 
/%0%%ͤr 113.0 100.3 101.4 89.8 90.4 100.0 113.9 109.9 
JJJ%§ö5ê ði e 115.6 113.0 117.6 125.6 131.0 100.0 117.6 141.6 
Average, all metals 99.4 100.9 109.0 114.5 121.2 100.0 110.8 127.9 

NONMETALS 
Construction 86.1 90.1 96.1 100.6 103.2 100.0 104.6 106.2 
Sell ³ð r 66.1 69.5 76.3 87.8 97.0 100.0 98.9 101.1 
OCC AE a aes a he ae ee ad 81.4 85.9 91.3 97.2 105.2 100.0 106.5 106.5 
AVOTüge-. S ES IPSE 81.5 86.0 91.5 97.6 101.9 100.0 103.4 105.1 

FUELS 

COO BE 78.9 85.6 90.1 93.7 96.9 100.0 98.5 98.5 
Crude oil and natural gas 22 81.8 84.7 86.4 88.5 94.3 100.0 104.2 106.6 
Averagge ek 80.7 84.4 86.7 89.2 94.5 100.0 103.4 105.7 
Average, all minerals 82.4 86.2 89.8 93.5 98.7 100.0 104.1 107.6 


p Preliminary. 
1 Rebased and reweighted using 1967 data. Splicing period was 1962-64. 
? Does not cover isopentane, LP gases, and other natural gas liquids. 


Table 4.—Federal Reserve Board indexes of industrial production, 
mining and selected mineral and mineral fuels related industries 
| (1957-59 =100) 


1965 1966 1967 1968 1969 » 


Mining: 
COR ER 113.3 117.0 120.4 118.2 117.7 
Crude oil and natural gas: 
Crude 01... 2. e tisc veto RED ee e 111.9 119.3 126.3 130.5 132.0 
Gas and gas liquids.._....-.-..-------------- 143.0 152.0 163.5 174.5 184.0 
JJ. ocuUs AL DU ite ee 112.3 118.0 123.1 126.8 129.3 
Average coal, oil, and gas 112.5 117.8 122.7 125.3 127.4 
N /// :. az ute Z Sha Et 124.2 133.4 120.3 126.4 142.0 
Stone and earth minerals 126.5 133.5 135.4 187.8 144.7 
AVOFAgO. . ua ]%⅛•a d 7˙ ẽũmM é 6ꝶꝶm Ee 125.5 133.5 128.9 132.9 143.5 
Average mining 114.8 120.5 123.8 126.6 130.2 
Industrial production: 
Primary eta” E tee 137.6 142.7 132.5 137.0 149.1 
Iron and steel.___ ß ee Se oe 133.6 136.2 126.8 130.7 140.3 
Nonferrous metals and oroduets .--.--------------- 152.2 166.2 153.2 160.0 181.1 
Clay, glass, and stone products 133.5 140.7 138.7 146.2 156.0 
Average industrial produetio nnn 143.4 156.3 158.1 165.5 172.8 


p Preliminary. 
1 Includes oil and gas drilling. 


Source: Board of Governors of the Federal Reserve System. Federal Reserve Bulletin. February-June 1970. 
A description and historical data are available in Business Indexes, Industrial Production, 1957-59 Base, 
published monthly by Federal Reserve Board. 


MINERALS YEARBOOK, 1969 


20 


‘OLET Had V-6961 YPIEW ‘UNAMA Ales [LIPIA *'ure3sÁg ƏA19894[ Iëiopad JO SIOUJOAOr) JO p1eog : Sone 


'se1n3g A[qu1uour seusriqnd 10 uo ou oo1nog ç 
"Sunptp se2 pus [ro sepnjout [830], z 

len] ZuIpnyou] ; 

*e[qQ?[I€£A 9? JON VN "A1geutuit[9Jq a 


6°FPTa8°LET 9 ¿14 p'921 6˙8PI4d 6° 281 O' FSI4d 9 EI GIST S'O8I ZS 6ZI48°9ZT 8 ˙61I4 2° SIT S°LOT4E° SCT €'08[49'9Z[ "Ir" Ə3e19A V 
8S'YSI O' Zl S°ZST Or Lët Let O` SIT VN YN 0o'ge; F'9ZT 9 281 OZI S'6IT 8˙8II S'OST S vel Fel PLOT vvv s Iequieoe(T 
8°9p[ gq'SeT e&e'egr T'SET 9°6IT S°SET VN VN g'66T 9'8eT S TEI 8˙ 9861 6'8TI Gott T'62t 9'vel O'SET F791 AIQWIZAON 
9 681 2° 281 Tet SSI SOME 32 ˙63I WN VN 8 381 T'621 L'OSl S'G2T ¿L SIT 9°98 Y'Sser 6° 811 2'O8[ LOST "77777777 4900300 
€ TPT Gol T'EST L°'LOT S'681 8 281 VN VN 9 3881 ZIEL T S8[ 89ST L'YII 8'OST Gesi got 9'TET O'LZT "rr" 1equia3deg 
8 I 8 LST S°Srt G' PET 9 SIT S9ET VN YN F 281 8'PET Z OST €'° 61 T'ZZI SIGI 9'8ZT 6'221 2˙I8I v'eel fl! -3sn3ny 
o ZWI I 281 T'SET ISI S' OPI S8°S8I VN VN S'GET O' SEI T'ZET 2561 O' OST 9'92T1 L'IST L28321 2˙ 881 o'oel "ii" Ane 
9 I 6°98T FP LET 8 081 7 OPT 8 PET VN VN e GET 7 281 8 VEL F'SZT SPZI Lost T'EEE T'82I vt vel 2˙64˖b əunf 
o WI 0O`G8T G'PET FIST €%° 981 S°S8IT VN YN ISL ZIEL 9 6381 9°921 6821 OSI 2˙831 9° GSI S OE e6':9e1 "III" “ABW 
f TIPI T'LET oropt 6'681 9°SIT ESET VN YN e OST 1 89241 6'9v01 8˙ él Z'OZST EFSI L'Sel L' el 9':'8gT (Lët "ii [udy 
q'OST S II Uert L'801 Gept P LST WN VN 0161 COET G'EST 0`921 SPIT 0981 GIZE O'92ZT L'9ZT Sot "III" HAS W 
G OPI O'SYTI Ziel S'601 F'9IT O LSI VN VN 0 al Lei 8 Tel Gest Fell 8˙911 ZOZI SSSI 8'PZI 6 €Z [ "7777-7 KA un aq 
SG 81 E'SET ZS OTT O'OOT T hI CEO VN VN O'vet P Lët 6˙ ESI 9'`821 @° SIT FEIL EFSI 6'TeT 8˙ 921 9•˙ 14141 —— ÁA198nusf 
6961 8961 6961 8961 6961 8961 6961 8961 6961 8961 6961 8961 6961 8961 6961 8961 6961 8961 
e Spinbi[ ee? 
S[€1193 eU Sururui S[8LI93 SUI pue ser) [to spnign z [83O.L, sea pus : uuU uyuo]N 
da [83Ə]N ua pus [80D “Ito "eo? 1520. 
pus aous 9uo3s ‘(BIT SEJ [BIN}JEU pug [IO p nA 


(001 = 69-1961) 
paisnfpe Ájpeuose»s *uoronpoad Sum jo soxopur Ápygpuour pieog AN [f129p2J—'Gg AQEL 


REVIEW OF THE MINERAL INDUSTRIES 9] 


Table 6.—Production of mineral energy resources and electricity from hydropower and 
nuclear power 


(Trillion Btu) 


Bituminous Natural Electricity 2 
Year Anthra- coal and gas, wet Crude! — — —— — OÚ — Total 
cite lignite (unproc- petroleum Hydro- Nuclear 
essed) power power 
J965. 8 378 13,417 17,652 15,930 2,051 89 49,467 
- 2555 829 13,988 18,894 16,925 2,062 58 52,256 
196l ERE HO mau m usa 311 14,479 20,087 18,098 2,944 81 55,400 
1908... 552: 8 291 14,279 21,548 18,593 2,352 182 57,195 
1969 ;ĩOoʃ₈f 277 14,569 23, 008 18,780 2, 687 141 59, 462 


, P Preliminary. 

! Heat values employed for crude petroleum are 1965, 5,531,000 Btu; 1966, 5,257,440 Btu; 1967, 5,628,540 
Btu; 1968, r 5,585,016 Btu; and 1969, 5,582,640 Btu. 

? Hydropower and nuclear power include installations owned by manufacturing plants and mines as well as 
Government and privately-owned public utilities. The fuel equivalent of hydropower and nuclear power is 
calculated from the kilowatt-hours produced, converted to theoretical energy resources inputs calculated from 
p average heat rates at central electric stations using 10,530 Btu per kilowatt-hour in 1965, 10,586 
tu in 1966, 10,582 Btu in 1967, 10,582 Btu in 1968, and 10,712 Btu in 1969. 
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Table 8.—Calculated gross consumption of mineral energy resources, and electricity 
from hydropower and nuclear power in British thermal units (Btu), and 
percent contributed by each 1 


Bituminous Petroleum Natural Electricity 

Year Anthra- coal and Natural (excluding gas — d — Total 

eite lignite gas, dry natural liquids Hydro- Nuclear 

gas liquids) power power 

TRILLION BTU 
1 artc 328 12,080 16,098 21,364 1,877 2,049 39 53 , 785 
1966............ 290 12,740 17,393 22,405 1,989 2,073 58 56,948 
1967. 8 274 12,587 18,250 23,191 2,144 2,341 81 58,868 
1968.52: cc cs 260 13,069 19,580 24, 607 2, 445 2,355 132 62, 448 
1969 99 245 13,293 21,040 25,877 2,542 2, 635 141 65,773 
PERCENT 

F 0.6 22.4 29.9 39.7 3.5 3.8 0.1 100. 0 
1969s ! 5 22. 4 30. 5 39.4 3. 5 3. 6 .1 100.0 
1961. s 5 21.4 81.0 39.4 3.6 4.0 .1 100.0 
1968............ 4 20.9 81.4 39.4 3.9 3.8 2 100.0 
1999 99 4 2 32.0 39.3 3.9 4.0 2 100.0 


p Preliminary. 

! Heat values employed are anthracite, 12,700 Btu per pound, bituminous coal and lignite, 13,100 Btu per 
pound. Weighted average British thermal units for petroleum products were obtained by using 5,248,000 for 
gasoline and naphtha-type jet fuel, 5,670,000 for kerosine and kerosine-type jet fuel, 5,825,000 for distillate, 
6,287,000 for residual, 6,064,800 for lubricants, 5,537,280 for wax, 6,636,000 for asphalt, and 5,796,000 for 
miscellaneous; natural gas, dry, 1,032 Btu; natural gas liquids, weighted average British thermal units in 1965 
based on production of natural gasoline and cycle products at 110,000 Btu per gallon; LP-gas, including 
ethane, 95,000 Btu per gallon in 1966, ethane production converted at 73,390 Btu per gallon thereafter. Hydro- 
power (adjusted for net imports or net exports) and nuclear power are derived from net electricity generated, 
converted to theoretical energy resources inputs calculated from prevailing average heat rates at central elec- 
tric stations using 10,530 Btu per kilowatt-hour in 1965, 10,586 Btu in 1966, 10,582 Btu in 1967, 10,582 Btu 
in 1968, and 10,712 Btu in 1969. 
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Table 9.—Gross consumption of energy resources by major sources and 
consuming sectors 1 


(Trillion Btu) 


Bituminous Natural Total Utility Total 
Year  Anthra-  coaland PS Petro- Hydro- Nuclear gross electricity sector 
cite lignite ry ! leum ? power? power energy pur- energy 


inputs‘ chased’ inputs § 


HOUSEHOLD AND COMMERCIAL 


1965. 7168 546 5,518 5,635 — 222.22 ------ 11,867 1,948 18,815 
1966._ 143 575 5,945 5 / ¿Sasa 12, 429 2,101 14,580 
1967__ 128 497 6,228 6,206. i. Lue 13,054 2.257 15.811 
1968 122 447 6,451 6.129- eelster ` see 18,148 2,461 16,616 
1969 v. 118 876 6,897 6,2001. posero 42x 183,628 2,681 16,309 
INDUSTRIAL 
1965 7101 5,640 7,671 4,198. ucenie ` wieoss 17,550 1,694 19,184 
1966. . 88 5,806 8,203 4,902. — Lobas. astin 18,449 1,788 20 , 287 
1967 90 5,553 8,599 4,298 `. ------ 18,540 1,868 20,408 
1968__ 81 5,587 9,274 4,820. |l ` Zes 19,712 2,044 21,756 
1969 p_ 72 5,505 9,894 5,099.  Á ial ët 20,570 Ç 22,789 
TRANSPORTATION 5 ; 
1965.. NA 19 517 2,419 - Loon — eed 12,715 18 12,738 
1966. . NA 18 553 Jeri. o2 Sannes 18,348 16 13,364 
1967.. NA 14 594 198512 cL 14,150 17 14,167 
1968 NA 11 610 14881 aaa- 15,302 18 15,320 
1969 » NA 9 651 15,2890. - ster ox 15,950 20 16,970 
ELECTRICITY GENERATION, UTILITIES ? 
1965.. 55 5,825 2,892 744 2,049 89 11,104 8, 00 
1966. . 56 6,341 2,692 905 2, 078 58 12,125 3,905 . ...... 
1967 55 6,528 2,884 1,013 2,341 81 12,847 42  — 12 
1968 56 7.074 3,245 1.181 2,355 182 14,048 4,529 . ...... 
1969 v. 53 T,403 3,598 1,603 2,635 141 15,433 4.920 
MISCELLANEOUS AND UNACCOUNTED FOR 
1965. . JJ 545. us — 25s 549 
1966 € o — // Seeded 597 samo, | vedas 
1967 1 X co 2 — des Zii. Geesa. — esee 
1968. . J (RSS 242222 ~ x SS 249. — L2. Takasi 
1969 » NET nen 190 . tege uà 192. x exce 
TOTAL GROSS ENERGY INPUTS 
1965. 828 12,030 16,098 23,241 2,049 39 „ 
1966 290 12,740 17,893 24,894 2,079 58 56,948 | ...... ------ 
1967 274 12,587 18,250 25, 385 2.341 81 58,8888 3d 
1968.. 260 13,069 19,580 21,052 2,955 132 62,448 | ...... ------ 
1969 ». 24b 13,298 21,040 28,419 2,635 141 60,0148. sea ES 


p Preliminary. NA Not available. 

1 Excludes natural gas liquids. 

? Petroleum products including still gas, liquefied refinery gas, and natural gas liquids. 

3 Represents outputs of hydropower (adjusted for net imports or net exports) and nuclear power converted 
to theoretical energy inputs calculated from 11 heat rates at central eleetrie stations using 10, 530 Btu 

r kilowatt-hour in 1965, 10,586 Btu in 1966, 10,582 Btu in 1967, 10,582 Btu in 1968, and 10,712 Btu in 1969. 

xcludes inputs for power generated by nonutility plants which are included within the other consuming sec- 
tors. 


* Gross energy is that contained in all types of commercial energy at time it is incorporated in the economy, 
whether energy is produced domestically or imported. Gross energy comprises inputs of primary fuels (or 
the derivatives) and outputs of hydropower and nuclear power converted to theoretical energy inputs. Gross 
energy includes energy used for production, processing, and transportation of energy proper. 

$ Utility electricity, generated and imported, distributed to the other consuming sectors as energy resource 
inputs. Distribution to sectors is based on historical series in the Edison Electric Institute Yearbook. Con- 
version of electricity to energy equivalent by sectors was made at the value of contained energy corresponding 
to 100-percent efficiency using a theoretical rate of 3,412 Btu per kilowatt-hour. 

6 Ene resource inputs by sector, including direct fuels and electricity distributed. 

7The household and commercial and industrial sectors include an estimated breakdown of undistributed 
energy formerly included under miscellaneous and unaccounted for. 

s Includes bunkers and military transportation. 
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Table 10.—Estimated gross consumption of energy resources in the mineral and 
manufacturing industries, by major sources of energy within selected two-digit 
SIC industry groups, 1969 p 


Anthracite Bituminous coal Natural gas, dry! 
SIC and lignite 
code Industry group 
Million Trillion Million Trillion Billion Trillion 
short tons Btu short tons Btu cubic feet Btu 
20 Food and kindred products. ... 0.1 2.7 8.3 258.6 621.8 641.3 
26 Paper and allied products_ . .2 6.3 14.7 457.5 856.9 868.8 
28 Chemicals and allied products. . 92 6.8 21.2 655.3 1,277.1 1,818.2 
29 Petroleum refining and 
related industries .. (5) (5) 1,060.8 1,094.4 
82 Stone, clay, glass, and con- 
crete products. ._.......-.-- (°) 1.8 12.8 401.8 470.4 485.5 
88 Primary metal industries 2.0 47.8 98.1 2,769.6 904.0 933.2 
All mineral and other manu- 
facturing industries .8 7.2 30.9 962.6 5,010.0 5,170.0 
Total uc z; uyo. yuz 2.8 72.1 186.0 5,505.4 9,701.0 10,011.4 
Total Utility Total 
Petroleum gross electricity sector 
energy purchased 3 energy 
inputs, inputs, 
Million Trillion trillion Billion Trillion trillion 
barrels Btu Btu kwhr Btu Btu 4 
20 Food and kindred products. ... 25.8 152.7 1,055.8 39.0 138.6 1,188.9 
26 Paper and allied products. _ _ _ _ 40.3 240.5 1,078.1 32.5 110.8 1,183.9 
28 Chemicals and allied products. . 347.8 1,625.3 3,605.1 188.6 648.0 4,248.1 
29 Petroleum refining and 
related industries 304.0 1,811.0 2,905.4 26.0 89.0 2,994.4 
82 Stone, clay, glass, and con- 
crete produets . 16.1 99.1 988.2 32. 5 110.8 1,099.0 
33 Primary metal industries 68.0 848.8 4,099.4 149.6 510.8 4,609.9 
All mineral and other manu- 
facturing industries 183.6 821.8 6,961.6 182.1 621.3 7,582.9 
«RA 222 985.1 5,099.2 20,688.1 650.8 2,219.0 22,907.1 
P Preliminary. 


1 Excludes natural gas liquids. 
2 Petroleum products including still gas, liquefied refinery gas, and natural gas liquids. 


3 Utility electrici 
bution is based on 


, generated and imported, distributed to the industrial sector as resources inputs. Distri- 
istorical series in the Edison Electrical Institute Yearbook. Conversion of electricity to 


energy equivalent was made at the value of contained energy corresponding to 100-percent efficiency using a 
theoretical rate of 3,412 Btu per kilowatt-hour. 


4 Energy resource inputs, including direct fuels and electricity distributed. 


s Included in All mineral and other manufacturing industries.“ 
Less than 1⁄ unit. 
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Table 11.—Domestic supply and demand for coal 
1968 1969 » 
Thousand Trillion Thousand Trillion 
short tons Btu short tons Btu 
ANTHRACITE 
Supply: 
Production 11, 460. 8 298.4 10,800.0 276.5 
Exports ee —1,300.8 —88.3 —1,414.0 —386.2 
IO portero lc ll ewe AAA a uae ee NA NA NA NA 
Stock change: withdrawals (+), additions (—). .......... .........-- -F166.0 +4.2 
Losses, gains, and unaccounted for.... ＋22. 0 +.6 
7: 10, 160. 0 260.1 9,574.0 245.1 
Demand by major consuming sectors: š 
Household and commercial ““! 4,769.0 121.8 4,599.0 117.7 
Industrialé x eee nan 8,152.0 80.7 2,816.0 72.1 
Transportation ¢___............------------- (7) (7 7 (7) 
Electric generation, utilities. 2,208.0 6.4 2,065.0 52.9 
Miscellaneous and unaccounted for 46. 1.2 94.0 2.4 
Total. EEN 10,160.0 260.1 9,574.0 245.1 
BITUMINOUS COAL AND LIGNITE 
Supply: 
Productions EN 545,245.0 14, 285. 4 556,051.0 14, 568. 5 
EXDOHN....- e. e :::: x beue Deu s —50,637.0 —1,826.7 —56, 234.0 —1,473.3 
FR o d oe 8886 224.0 +5.9 109.0 +2.9 
Stock change: withdrawals (+), additions ( —)- +7,946.0 +208. +5,500.0 +144.1 
Losses, gains, and unaccounted for —98,948.0 —103.5 +2,011.0 -F62.6 
P EE 498,880.0 13,069.3 507, 437.0 13, 294.8 
Demand by major consuming sectors: 
Fuel and power: 
Household and commercial ............ 15,224.0 441.8 12,671.0 876.8 
Industrial vv 182,909.2 5,874.6 180, 480.2 5,843.7 
Coal carbonized for coke s. (90, 765.0) (2, 667.0) (92, 837.0) (2,757.3) 
n at ha OTE lou es a Li scu us 417.0 10.9 322.0 8.5 
Electricity generation, utilities 294,739.0 7,073.7  808,461.0 7,403 .0 
I ³˙Üd·d.¹ͥͥͥͤ ͤ VVA 493, 289.2 12, 906.5 501, 934.2 13, 131. 5 
Raw material: Industrial ° | | 
Crude light oll 1,185.8 84.8 1,259.2 37.0 
Crude coal Goar ....------------------- 4,855.5 128.0 4,243.6 124.7 
Total. ³¹ÜÜ1wiꝛbn. k ee eee 5,540.8 162.8 5,502.8 161.7 
Grand total... 498,880.0 18,069.3 507, 437.0 13,293.2 
p Preliminary. NA Not available. 


1 Includes use by producers for power and heat. 


? Includes shipments to U.S. Armed Forces in West Germany. 
3 Except for small quantities used as raw material for coal chemicals, all anthracite represents fuel and power. 
4 Data represent “retail deliveries to other consumers." These are mainly household and commercial users 
with some unknown portion of use by small industries. 
$ Includes consumption by coke plants, steel and rolling mills, and other industrial uses. 


* Includes bunkers and military transportation. 


7 Data not available. Believed to be small and of minor significance. 


8 Fi 


es in parenthesis are not added into totals. 


9 Coal equivalent based on British thermal unit value of raw materials for coal chemicals. 
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Table 12.—Domestic supply and demand for natural gas 


1968 1969 p 
Million Trillion Million Trillion 
cubic feet Btu cubic feet Btu 
Supply: 
Production 19,822, 400 21, 547.5 20, 698, 240 28, 008. 
EXDOFU. 2-225294 ozone Drs —98 ,745 —96.7 —51,3804 —52.9 
Import... 8 651,885 672.7 726,951 750.2 
Stock change: withdrawals (+), 
additions (“)) —95,539 —98.6 —119,500 —123.3 
Transfers out, extraction loss 2 —812,086 —2,444.9 —866 , 560 —2, 542. 0 
Loss, gains, and unaccounted fooᷣr?rr , %b, >------- 
Total. pou, u uz une aUi Es 18,972,915 19, 580. 0 20, 387, 827 21,040. 2 
Demand by major consuming sectors: 
Fuel and power: 
Household and commercial. . . - -- 6,250,997 6,451.0 6,682,804 6,896.6 
Industrial 33 8, 546, 122 8,819.5 9,069,419 9,359.6 
Transportation 590, 965 609.9 630,962 651.2 
Electricity generation, utilities 3, 143, 858 3,244. 5 3,486, 391 3, 598.0 
Total 2-222: 552562255255 18,531,942 19,124.9 19,869,576 20,505.4 


——— a — . — —— . — —— — 
Raw material: Industrial: 4 


Carbon black 104,973 108.8 98,251 101.4 
Other chemicals 5. 836,000 346.8 420, 000 433.4 
Ü- Ee AE eed 440,973 455.1 518,251 534.8 


Grand total.................- 18,972,915 19,580.0 20,887,827 21,040.2 


P Preliminary. 

! Marketed production includes wet gas sold or consumed by producers, losses in transmission, producers' 
additions to storage, and increases in gas pipeline fill; excludes repressuring and vented and wasted. British 
thermal unit value of production is for wet gas prior to extraction of natural gas liquids. Higher values assigned 
to extraction loss are reflected in value of production for each year. 

2 Extraction loss from cycling plants represents offtake of natural gas for natural gas liquids as reported to 
Bureau of Mines. Energy equivalent of extraction loss is based on annual outputs of natural gasoline and asso- 
ciated products at 110,000 Btu per gallon, annual outputs of LPG at 95,500 Btu per gallon, and annual out- 
puts 2: rris ni 78,890 Btu per gallon. (Prior to 1967, ethane production was included with LPG in converting 
to Btu values. 

3 Includes transmission losses of 325,062 million cubic feet in 1968 and 331,587 million cubic feet in 1969. 

* Includes some fuel and power used by raw materials industries. 

5 Estimated from partial data. 
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Table 13.—Domestic supply and demand for petroleum 1 


1968 1969 » 
Million Trillion Million Trillion 
barrels Btu barrels Btu 
Supply: 
Crude oil: ? 
Production. nn 3,829.0 18,592.5 8,371.8 18,824.7 
xports_.._.......-.---------_--------- —1.8 —10.1 —1.4 —1.8 
Ill llul usul ieee 3 472.3 2,637.7 3613.8 2,868.5 
Stock change: withdrawals (+), addi- 
DIAS e —28.2 —129.6 +7.0 +39 .0 
Losses and transfers for use as crude —1.9 —10.6 —11.1 —61.8 
I/, 8 3,774.4 21,079. 9 3,880.1 21, 662. 6 
Petroleum input runs to stills: 
ae ðͤ w usos 3,774.4 21,079. 9 8,880.1 21, 662. 6 
Transfers in, natural gas liquids 242... 259.4 1,167.3 264.6 1,190.7 
Other hydrocarbons 3.4 17.8 4.2 22.0 
Total. A ⅛² 52 24: ? 4,037.2 22, 265. 0 4,148.9 22,875.38 
Output: 
Refined products 4,037.2 22,265.0 4,148.9 22, 875.3 
Unfinished oils, nett 26.2 164.7 33.6 211.2 
Overage or loss 116.7 643.5 123.0 678.3 
MOU) HE 4,180.1 23,073. 4,305.5 23, 764.8 
EXpOHS.-. . E nauis —82.7 —473.0 —83.9 —479.8 
Fil E 567.0 3,468.2 640.7 3,879.4 
Stock change, including natural gas liquids. —82.2 —177.7 +4.7 +25.9 
Transfers in, natural gas liquids 45________ 290.7 1,271.6 815.5 1,351.3 
Losses, gains, and unaccounted for- —21.1 —116.5 —22.7 —122.6 
TOUMl EE 4,901.8 27,051.8 5,159.8 28,419.0 
Demand by major consuming sectors: 
Fuel and power: 
Household and commercial. ............. 921.3 5,145.0 940.7 5,228.5 
mau lee ei ees 535.2 3,186.1 551.2 3,273.0 
Transportation vv 2, 703. 8 14, 535.3 2, 818. 5 15, 144. 6 
Electricity generation, utilities : 188.0 1,180.6 255.2 1,602.9 
Other, not specified 25.2 142.2 17.6 98.9 
Total» 222c22cco oci eet tutu 4,378.5 24,189.2 4,583.2 25 ,347 9 
Raw material: ? 
Petrochemical feedstock offtake. ......... 260.1 1,181.4 801.3 1,351.9 
Other nonfuel use 250.1 1,581.6 258.7 1,627.9 
TT Otel WEEN 510.2 2,763.0 560.0 2,979.8 
Miscellaneous and unaccounted for 18.1 99.6 16.6 91.3 
(( ²⁰¹ðꝛꝛAA¹˙¹w•ͤͥĩͥͤ 4,901.8 27,051.8 5,159.8 28,419.0 


P Preliminary. 

! Supply and demand for crude oil and petroleum products. Petroleum products include products refined and 
processed from crude oil, including still gas and LRG; also natural gas liquids transferred from natural gas. 

2 Btu value for crude oil for each year shown is based on average British thermal unit value of total output 
of petroleum products (including refinery fuel and losses) adjusted to exclude natural gas liquids inputs and 
at implicitly derived values. Value for net imports of crude is based on the average value of crude runs to 
stills. 

s Includes some Athabasca hydrocarbons. : 

* Btu values for natural liquids for each year shown are implicitly derived from weighted averages of 
5 of major natural gas liquids, derived by converting natural gasoline and cycle products at 110, 000 

tu per gallon, LPG at 95,000 Btu per gallon, and ethane at 73,390 Btu per gallon. 

5 Includes natural gas liquids other than those channeled into refinery input as follows: Petrochemical 
feedstocks, direct uses for fuel and power, and other uses. 

6 Includes bunkers and military transportation. 

? Includes some fuel and power used by raw materials industries. 
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Table 15.—Electrical energy sales to ultimate consumers 


(Million kilowatt-hours) 


Total Industrial Total Industrial 
consumption Residential and consumption Residential and 
Region commercial commercial 
1965 1966 

New England... 36,984 12,813 22, 806 40,184 13,883 24,877 
Middle Atlantic 145,248 38,850 96,788 156,302 42,088 104,153 
East North-Central......... 193 , 589 52,544 133,919 207,521 57,005 142,858 
West North-Central........ 61,335 23,864 85,458 66,030 25,303 88,579 
South Atlantic 132,883 45,178 82,932 148,757 50,920 92,723 
East South- Central 106,314 26,811 18,118 112,594 29 , 589 81,463 
West South-Central......... 92,586 27,396 60,602 102,760 29, 753 68,071 
Mountain 48,086 11,445 29,913 47,198 12,313 33,100 
Pacific. ...... Sud e e 138,376 40,939 93,085 154,302 44,502 103,093 
Alaska and Hawaii 3,063 1. 130 1.861 3,334 1,216 2,088 

Total United States... 953,414 280,970 635,477 1,038,982 306,572 690,955 

1967 1968 

New England.............. 43,361 15,437 26 , 496 41,386 16,970 28,946 
Middle Atlantica 164,125 45,410 108,184 176,158 49,854 115,301 
East North-Central......... 219,554 61,238 149,630 238,138 67,080 161,679 
West North-Central........ 71,481 27,138 41,950 11,624 29,644 45,375 
South Atlantic 161,567 55,692 99,916 180,463 63,790 109,589 
East South-Central......... 115,851 81,166 883,027 122,608 36,033 84,770 
West South-Central......... 113,125 32,739 74,872 126,160 37,070 83,202 
Mountain 49,342 13,157 83,774 53,157 14,164 36,513 
Peine cuz 164,998 48,210 108, 502 176, 682 51,640 116,230 
Alaska and Hawaii 3,619 1,338 ,184 8,945 1,447 38 

Total United States 1, 107, 023 331, 525 728, 535 1,202,321 367 ,692 183,985 


Source: Edison Electric Institute. Statistical! Yearbook of the Electrical Utility Industry. 1965 through 1968. 


33 


REVIEW OF THE MINERAL INDUSTRIES 


eu, st Ajddns ssoiz) *jueuidiqs Arsurtid ut pepn[out 916 s[esodsirp ep[rd»poo3g *s)10dxe snurur sjJodui pue *uornonpoid Kqepuooes *sjueurdiqs Ar&urtid jo wns o et Ajddns 49N x 


"jun $( Oe) Seet: 
*$j1o0dxe jo uopjow)qns e10jeq [9303 


*Kjddns san pug 3eu ut pepnjout qou st enz *e3ep [eryuepguoo AueduwlOd IgnptAIpur 2utso[ostp PIOAB 03 peu A e[qe]I€£A€ JON VN *pestAe4g : 
L L Z Z ) REO 86 86 L+ 086 OIG cup 2 DS s[&Ieujur pət[[# pus o[e], 
PT FI 9T Gp. sen 7 158 98 1— 88L 6 658 6 suo Zuo] pussnouj jz SULIOJ US *InjinS 
(x) (s) VN VC 77777 77777777 001 001 q+ T98 818 2 BODE t oh, una peusnio “On 
SE c CE (s) (z) —— 7. 001 001 ot 886 816 -"suoj WO eis pus puss 
e 2 L „ 86 86 9+ 188 l 97 800 F ˖ w 22 uouiuioo 3188 
er 91 gr 8} %%% ũ LS Lg 8+ 00, 5 18877222222 — U— Quajeamnbe OFM) useyoq 
TE 08 I J re he ee he, 66 66 ot— 681 8 S806 as U Cor 3201 e3eudsouq 

q 81 I ERE ROLE 66 66 oot da V E EE (deIs deore) wo 
8 (2) $€6 8 (CD ME MP LSU LL 8L g+ LO I 93 J Oo 77 7 U 7 U U U U U U U U U U UU U UU U U U winsdA+) 
š I 98 IS |. | 8 hI 61 £+ 668 T 68 8 peusrug udn 
8 8 (s) O E 001 001 et 6006 LG 906 99988 s e U U U U U U U U U U U U U U U sABID 
aap ere eee Ml e Cc CN PEN 001 001 IT 89T 2891 %%%%ww SHARE 
F 98 Di 7 ee 89 L+ 5691 069 ‘T T00000000000000777777777777--CepDQO "ege 
f q 98 | AN LM ST FI b— 98; pl oh ( KRAN s01səqsyV 

SIVLAWNON 
1 2 89 99 9 L 98 L$ ort 959 J 7) ß us sQ ee ouz 
E S 91 Q vc IL 98 001 8+- eT 71 . .... Ot) e3e1)ueouoo umruuañn 
R A A % ure ds 2. CAN M 7 M M r e. 
1 1 os gZ H TOTTTTTT 89 GL b+ 669 Ee PE E Zuls puw azrul 
:(sOLL) 938&13ueouoo untusu1LI, 
oT TT TL €L 6c fo Ore e ROM b— IL PL: suo 3uo|pussnoqQj;" "7777777777 777 ULL 
TE 61 9 v8 SS ST 1 I qg— FIT I 12L 1. -7seouno Aol} punSsnd ~~ ~~ ~~ dno:3 umnun*id 
I 6 8 L6 8I O 68 88 9— Lab PL v00'6L "Segen punod- ggg ADAMS 
0 91 8 8 01 81 18 58 e+ LOT POL OST oh re ND, pee oe eee urniseude W 
(z) I OV o& ER Tv L6 L6 88+ $98 i I J ã ęñꝶ Tb A Sas uso bed | 
( € 91 18 £6 12 79 St b+ 967 $ BONS 1eddo;) 
8 r 8 ') A OCDE CAE 66 S8 9 J)) ẽ qę kb 8 uimtupso 
A 11 A 98 77777777 ^ s sS A JJ M EEF : ` 8u0) no 7 7 7 7777777 (Oəg) 910 [A1eg 
I (z) 88 08 99 L9 2 8 9+ LS ))õ ee ce CA DEC ast Kuouuv 
81 8 el 81 € y 98 8L I— 876'€ PUO pua. "E "umnupun[y 
SIVLGN UFHLO 
86 8 8 Obl. — eee L6 88 LSI+ 81 J . 8 ue3s3un,], 
I € 6L PR 21 8 01 8 Che 891 $ Geer -PAIN 
99 18 00 2 33 57 2 001 86 08 — ec 77 x umuəpqáÁ[o]N 
rá 8 66 606 ^ 7 1 1 ett L96 BOR Mee əsəuBsfus W 
or 11 EF OF E LS 09 03+ or e T ge te ante a Igo) 
81 81 001 01 7 700007000 57777 7777777 g= 915 97.:ĩ 7 7 7 7 7 7 7 7 7 U 7 7 U U U U UU UU UU U CU (t 0*1)) Əqttuoi1qO 
Lá 8 6 81 %%%ͤö— . 16 88 ot 69. ert 868 07 ^ ) 72 303ut 1228 
(x) 0 O b 001 66 L+ 988.96 —298'68 SDIT ITZ 7 1 uol; 31d 
L4 q T6 o6 — 1 "ov Ee 69 99 Che 29 981 eeeit JM“ 940 uo 
SIVINN Snouusd 
696T 8961 6961 896T 6961 8961 
6961 8961 — —  e8utqo 6961 8961 
sjiodul] dios DIO sjuowdiys AIS ` 3ueoJeq poinsveul 3ue1uoo [eJeurur pus 'A31pouruto?) 
Kd ds $9013 jo 
3uo2Jed sv sylodxq s}lodxe 3uiosmqns e10Jeq *[€303 Jo 3uo231ed se sjueuoduigo;) Ajddns 3eu [930], 


(Deeg estA1eq30 sse[un "11002 [exeurur Jo suo) JOYS pussnoy, L) 


r $u2uoduroo Aq ‘senur jvedrouud jo Aiddns 32 N.—'9I ?Iq*.L 


MINERALS YEARBOOK, 1969 


34 


2-8 ‘9-S -S dd ‘02-996T uo , ‘g `ON ‘0G-9F `A `ssəutsng[ 10310 Jo AAA S `sorturouoos sseuisng Jo IWO təo919tuuIoo jo 3uəuniedəçc gn :eoinog 


SoM s[e3eur AIguILId uio1j eoeurnj 3se[q 3urjoerjqns Aq paurg3qo ,,s[p£aur Areurd 189930 UN. z 
*8[830} 03 ppe jou op pue pa3snfpe ÁAj[euossges a1? sein A[q3UO]N 1 
= ³˙¹¹wiA i > Á—————————— A Z:: ...!... r Fun. PA nM ME 


9088 126: € 92; GU: 200. 2 09; F 169 2 588. 2 SERGE U77777 a Kee) 
2598 2985 606 199.3 061.2 192. 5 9792 888 2 J C MD MADE I9qUISAON 
LSL € SIP'F ZLI‘S8 66L'6 TLS 6 00€ 'G GGL 8 GOV ó „%% D 0 4800900 
SEL 8 298 bv 910˙8 1ZL 2 868 28 €eT6'G L89'2 628 ⁊ HE acc dM s Jaquiaydag 
VIL‘S 500 5 8111 189 2 OL 2 Lon o €9¢ 2 9L1 4 ) v ey jsnany 
9598 01818 9952 199.2 OS ‘2 T9T'S 689 6 887 8 , elm i naue rS Aine 
988 8 889.8 €L0°L LIS 2 808 7 9285 9197 318˙⁰2 % æ . dd d IU e eunf 
8888 ovv € 92.609 989.5 955 6 2LL h eg 7 611˙2 ß . ea AN 
28898 9188 858.9 665 5 2085 2 908 5 91? 960.5 ,, pꝶpqędd ee MC lid v 
20818 OI € 11979 509 6 OTT Z p19 7 89h ? 9112 J)) D TE a UE qe NWN 
995 8 601 € 919.9 969 4 Luz 999. 68 7 9608 GOS õ§ 8 E Vu EE) 
098 € FSI € 565 ˙9 1896 rA er^ 9295 CIA 680 5 BUG p. E E E EE E W 
9088 156.8 CN 11218 082 Lë 165.89 359 OC 865 95 Ger 1o ͤãò i! pp 6961 
Leo € 001.8 186.9 OI 'SZ 088 52 06.65 989 ‘SZ 10652 LGP 09. cr xcu cc UY E CA Y s 8961 
GL K Fpa € 610 L 996 22 280.87 86895 12082 958. 8 198 9 e 2961 
PO $ 9088 606,9 569.83 988 vo 628,957 GAME LOL‘ 82 El,. TT 9961 
9T6'2$ 08; zë 979'c$ 689 618 81L8 188 LTO 15s 566˙818 916223 OIG ER EE 9961 
z 8S[&39U1 z S[639U1 z ö 
Áiguiuid səowuIn] S[84Əul KA Aun]ꝓͥd səowuinj S[8} 3U Agud soo€uinj s[ejour 
19430 H 3seid ABUL 1930 Iv selg Kiwurtid 20090 UN 328 AIVWILIg uyuoul pue I69X 
poured jo pue 34€ s1opJo Dann SI9plO MIU JAN i 8jueuidiqg 
(suom) 


sornsnpur Surssooo1d [erəurur p3133[3s 10j sropio poggun puoieoÁ pur “srpio Mou Jou 'sjusuidrqS—'/T ALL 


REVIEW OF THE MINERAL INDUSTRIES 


35 


Table 18.—Value of selected minerals and mineral products imported and exported by 
the United States in 1969, by commodity groups and commodities 1 


(Thousands) 
SITC Commodity 
code ? 
Minerals, nonmetallic (crude): | 
271 Fertilizers, cerude_____ ß a sed dest LA 
273 Stone, sand and gravel... ....... 22.2: . LLL eee 
274 Sulfur and unroasted iron pyrites. ..... 2.2 222 2c L c LL lll cll lll. 
275 Natural abrasives (including industrial diamonds)... .................- 
276 Other crude minerals „ 
PF B—fi1iiiii Ra G 
Metals (crude and scrap): 
281 Iron ores and concentrate s 
282 Iron and steel td ⁰r0=— e 
283 Ores and concentrates of nonferrous base metals 
284 Nonferrous metal scraszdʒzdʒbz LLL LLL 22 c2 2l 2 2 l2 2.22. - 
285 Platinum and platinum-group metal ores and concentrates... ..........- 
286 Uranium and thorium ores and concentrates... .... 22. . 2-2. lll l.l... 
TOUR] EE 
Mineral energy resources and related products: 
821 Coal, coke, and briquets (including peatĩ::'ꝛꝛꝛ 2... ee 
831 Petroleum, crude and partly refined... ......... „„ ũ%—.œ 
832 Petroleum products, except chemicals 
341 Gas, natural and manufactured... 22.22. 2 eee 
Total dd... ²*X . ð 
Chemicals: 
Inorganic chemicals: 
513 Elements, oxides, and halogen salt 
514 Other inorganic chemicals „ 
515 Radioactive and associated materials except uranium and thorium....... 
521 Mineral tar, crude chemicals from coal, petroleum, and natural gas 
NC NEEN 
Minerals, nonmetallic (manufactured): 
661 Lime, cement, and fabricated building materials, except glass and clay. .. 
662 Clay and refractory construction materials 
663 Mineral manufactures, not elsewhere specifidel᷑ldu . . .-.- 
hh "E"I————————— ce 
Metals (manufactured): 
671 Pig iron, spiegeleisen, sponge iron, iron and steel powder and shot, and 
(reen le SEET 
672 Iron or steel ingots and other primary form 
678 Iron or steel bars, rods, angles, shapes, and sectong --_---------------- 
674 Iron or steel universals, plates, or sheets 
675 Iron or steel hoops and strias „„ „„ 
676 Iron or steel rails and railway track construction materials 
677 Iron or steel wire (excluding wire rod: „„ 
678 Iron or steel tubes, pipes, and fitting 
679 Iron or steel castings or forgings, un worked 
681 Silver, platinum, and platinum-group metals „ 
682 Copper and copper alloy 
683 Nickel and nickel alloys.................-....-.. 2... eee ee 
684 Aluminum and aluminum alloy eee 
685 Lead and lead allovg. 2.222 2-2 LLL llc LLL L2 L2. eee 
686 Zine and zinc alloy 
687 Tin and tin aloyB.- ou lu nuuc ecu k 
688 "Uranium and thorium metals and alloys...................-....-...-- 
689 Miscellaneous nonferrous base met alls 
Toll EE 
E ER A RE 


Exports 


711,484 


636,335 
5,975 
427,918 
60,500 


1,130,728 


245,533 
127,555 
102,741 

62,793 


538,562 


12,573 
58,727 
75,830 


147,130 


26 
66,896 


1,833,720 
4,675,044 


Imports 


55,006 
157,501 
300,461 


402,528 


924,196 


18,206 


1,421,240 
1,110,921 


215,935 


2,166,302 


245,360 


839,651 


54,382 
47,949 
26,669 


129,000 


88,261 
188,990 


8,353,857 
7,812,967 


1 Data in this table are for the indicated SITC numbers only and therefore may not correspond to the figures 
classified by commodity in the “Statistical Summary" chapter of this volume. 
? Standard Industrial Trade Classification. 


Source: U.S. Department of Commerce, Bureau of the Census. U.S. Imports General and Consumption. 


FT 135, December 1969, table 1. U.S. Exports, Commodity and Country. 
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Table 21.—Index of stocks of crude minerals at mines or in hands of primary producers 
at yearend 1 


(1967 =100) 
Metals Metals 
Yearend and — Non- 
non- Total Iron ore Other Non- metals 2 
metals ? ferrous ferrous 
J/•§öÜOĩ A 8 114 88 91 70 85 146 
11//;öÜ—ẽ³—w⁴¹⁴.⁵ͤ̃̃ꝗſĩ¹ĩ 8 113 83 87 59 90 149 
1///%%;!! 8 107 79 84 45 87 140 
TEE EE 104 89 98 42 76 123 
1 ³˙¹¹ 8 100 88 94 35 99 115 
11 iR Ac re Ee a 100 100 100 100 100 100 
1968... eebe 121 120 123 119 100 123 
9 ⁰ ħįħŘħŘ 119 104 106 83 110 137 
p Preliminary. 
1 Rebased and reweighted using 1967 data. Splicing period was 1962-64. 
2 Excludes fuels. 


Table 22.—Index of stocks of mineral manufacturers, consumers, and dealers at yearend 1 


(1967 2100) 
Metals Metals 
and — F — y Mon- 
Yearend non- Other Base Other metals 2 
metals? Total Iron ferrous non- non- 
ferrous ferrous 

196222 100 101 111 87 106 73 93 
1968___... . . . 95 97 103 108 101 T9 93 
1964______. . wee 91 91 97 71 93 82 93 
1965____._.. 8 92 93 95 71 97 86 19 
19600 102 102 101 81 112 93 98 
1986/ͤ az 100 100 100 100 100 100 100 
1968... olas ash 96 96 95 109 105 T8 102 
1969 p___.__ Le 92 92 85 102 110 72 91 


p Preliminary. 
! Rebased and reweighted using 1967 data. Splicing period was 1962-64. 
? Excludes fuels. 


Table 23.—Physical stocks of mineral energy resources and related products at yearend 


(Producers’ stocks, unless otherwise indicated) 


Fuels 1965 1966 1967 1968 1969 p 
Coal and related products: ! 


Bituminous and lignite? short tons.. 79,789,516 76,808,024 95,408,000 85,525,000 NA 
S%%/öX[ͤ;é—ĩ¹ 8 do.... 2,702,946 3,078,768 5,467,532 5,985,025 3, 120, 000 
Petroleum and related products: 
Carbon black... thousand pounds 237, 704 233, 145 264.247 224, 170 208, 020 
Crude petroleum and petroleum 
products thousand barrels.. 886,344 881,105 944,111 999, 572 982 , 123 
Crude petroleum do 220,289 238,991 248,970 272, 193 265,227 
Natural gas liquid do.... 35, 867 40, 428 (3) (3) (3) 
Natural gasoline, plant condensate, 
and isopentane thousand barrels.. (4) (4) 5, 782 5,466 5,704 
Gasoline do- 183,058 194,177 207,980 211,526 217,392 
Special naphthas do.... 6,209 5,583 5, 748 5, 829 6,292 
Liquefied V do (*) (4) 564,165 5 76,160 5 69,602 
Distillate fuel oil. ........... do- 155, 407 158,076 159,703 178,158 171,714 
Residual fuel ol -- do.... 56,214 63,856 65,597 67,359 60,395 
Petroleum asphalt........... do.... 16,178 17,309 19,939 20,055 16,753 
Other poroduets -...------ do.... 163,122 163,290 166 ,227 167 , 826 173,340 
Natural gas *....... billion cubic feet. 2,458 2,506 2,648 2,746 2,852 


p Preliminary. NA Not available. 

! Series on anthracite stocks in ground storage has been discontinued. 

2 Stocks at industrial, consumer, and retail yards and on upper lake docks. 
3 Now distributed among petroleum products shown below. 

4 Prior to 1967, included in natural gas liquids. 

5 Includes ethane. 

* American Gas Association. 
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Table 24.—Seasonally adjusted book value of product inventories for selected mineral 
processing industries 


(Millions) 


Primary metals 
Petroleum Stone, 
End of year or month and coal clay, and Blast Other 
products glass furnace primary Total 
products and metals 1 


steel mills 

1965: DP ²˙ K ⁵ð 8 $1,756 $1,626 83,678 32,671 $6,849 
1966: December 1,869 1,746 4,043 8,066 7,109 
1967: December 1,971 1,952 4,319 8,325 1,644 
155 Ded. 8 2,118 2,219 4,039 3,513 7,552 
December 2,274 2,483 4,312 8,740 8,052 

JESDUSTVULAL Lilo :: i Sup LE ee 2,068 2,289 4,019 3,509 1,528 
Februar: 2, 076 2, 372 4,042 3,512 7,554 

CH o ee . ee eat 2,069 2,361 4,074 8,553 7,627 

ADEL. alil wc neue ST ft CEU err ; 2,391 4,121 8,561 7,682 
e NERONI ee 2,077 2,390 4,200 8,564 7,764 

AOT oT- ecc a nN ee RR a Een 2,079 2,431 4,194 8,604 7,798 

Yi ee AA MNT ER 2,078 2, 463 4,185 9,615 7,800 

AUSUSL EE 2,075 2,458 4,234 8,673 7,907 
Septemtdee ee ee DIA ee 2,108 2,458 4,255 8,682 7,987 
Geh 2,156 2,449 4,284 3,691 7,925 
M i toute é 2,197 2,471 4,272 8,787 8,009 


1 “Other primary metals” obtained by subtracting blast furnace from primary metals figures. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 46-50, 
No. 3, March 1966-70, pp. S-5, S-6. 


Table 25.—Total employment in selected mineral industries 
(Thousands) 


1965 1966 1967 1968 1969 


MINING 
Metal: 
i ON REDEEM sui EE sz 25.9 26.3 21.5 25.7 25.4 
EEGEN 0.0 31.7 23.8 30.3 37.2 
M%õ ² ../. ³¹OAA ³ AAA MEE 83.8 86. 5 79.1 84.2 92.2 
Nonmetal mining and ouartving. 119.6 120.8 120.9 121.8 118.2 
Fuels: | | 
Bituminous: sss eege 131.8 129.9 135.0 132.9 129.8 
Othércoal.......coclemesR cR ERSTE usss aa .6 7.8 7.0 6.2 6.3 
Crude petroleum and natural gas fields... .......... 156.6 152.4 149.8 148.1 144.3 
Oil and gas field services 130.5 127.4 120.7 131.7 137.3 
Total. 2222s cuu ³¹mmmàAAAAA ·ͥ¹ DA eo E E us 428.5 417.5 412.5 418.9 417.7 
Total mining. L... e TS ese cee SS 631.9 624.8 612.5 624.9 628.1 
MANUFACTURING 
Minerals: 
Fertilizers, complete and mixing on 39.7 40.7 40.6 39.1 88.4 
Cement, hydraulic 38.0 88.0 86.5 85.6 85.1 
Blast furnaces, steelworks, and rolling millas 580.2 571.3 553.1 553.4 563.5 
Nonferrous smelting and refining 6 8 73.9 78.1 75. 5 79.7 87.8 
ö ² ³·˙¹ (AA TVA 731.8 728.1 705.7 707. 8 724.8 
Fuels: 
Petroleum refining..............................- 148.1 149.6 152.8 150.5 146.3 
Other petroleum and coal products. |. ............. 34.8 36.4 36. 6 36.2 37. 5 
11JJ7ͤůĩ§ĩêé˙%0ù⁊ʒ h 182.9 186.0 189.4 186.7 183.8 
Total manufacturing..........................- 914.7 914.1 895.1 894.5 908.6 


1 Includes other metal mining not shown separately. 
2 Standard Industrial Classification 295, paving and roofing materials, included in total. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings Statistics for the 
1970 1 H —67. Bull. 1812-5, October 1967, 851 pp. Employment and Earnings. V. 16, No. 9, March 
19 table | 
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Table 26.—Average hours and gross earnings of production and related workers in the 
mineral and mineral fuels industries 


1965 1966 1967 1968 1969 
MINING 
Metal: 
Iron ores: | 
Weekly earnings..................- 3129.24 $138.09 $138.60 $144.70 $153.18 
Weekly hours 40.9 42.1 42.0 41.7 41.4 
Hourly earnings $3.16 $3.28 $3.30 $3.47 $3.70 
Copper ores: 
Weekly earnings................... $136.71 $140.07 $140.51 $162.37 $169.00 
Weekly bourg... 43.4 43.5 48.1 47.2 46.3 
T Er id earnings. .................- $3.15 $3.22 $3.26 $3.44 $3.65 
otal: 
Weekly earnings $127.30 3133.77 $136.83 $148.77 $157.61 
Weekly hours....................- 41.6 42.2 42.1 43.5 43.3 
Hourly earning 53655 E A $3.06 $3.17 $3.25 $3.42 $3.64 
Nonmetallic mining and quarrying: 
Weekly earnings $117.45 $123.39 $128.65 $136.35 $149.44 
Weekly hour 45.7 45.7 45.8 45.0 45.7 
WE GE earnings 32.57 32.70 $2.84 $3.08 33.27 
els: 
Total coal mining: 
Weekly earnings $137.51 $145.95 $150.93 $151.59 $165.95 
Weekly hours 22 39.9 40.3 40.5 89.7 40.0 
Hourly earnings ?.................- $3.46 $3.62 $3.72 $3.80 $4.17 
Bituminous coal: 
Weekly earnings..................- $140.26 $148.44 3153.09 $153.16 $168.46 
Weekly hours ))) 40.2 40. 6 40.7 39.8 40.2 
Hourly earnings 2.................- $3.49 $3.65 33. 75 $3.83 $4.21 
Crude petroleum and natural gas: 
Weekly earnings. $116.18 $122.69 $130.66 $187.71 $147.19 
Weekly hours 42.4 42.6 42.7 42.9 41.0 
Hourly earnings $2.74 $2.88 $3.06 $3.21 $3.59 
Total fuels: 3 
Weekly earnings $124.29 $131.55 $138.83 $143.08 $155.97 
Weekly hours 41.5 41.7 41.8 41.7 42.4 
Hourly earnings $3.01 $3.16 $3.33 $3.44 $3.70 
Total mining: ! 
Weekly earnings......................- $121.52 $127.78 $131.85 $141.35 $152.98 
Weekly hour 44.0 44.2 44.0 44.4 44.7 
Hourly earnings $2.77 $2.90 $3.00 $3.18 $3.43 
MANUFACTURING 
Fertilizers, complete and mixing only: 
Weekly earnings..............--------- $96.57 . $101.38 $104.98 3108.97 $116.14 
Weekly hours 43.5 48.7 43.2 42.4 42.7 
Hourly earnings $2.22 $2.32 $2.43 $2.57 $2.72 
Cement, hydraulic: 
Weekly earnings $124.42 $132.61 $133.40 $144.35 $155.87 
Weekly hours......................... 41.2 41.7 41.3 41.6 41.9 
Hourly earnings $3.02 $3.18 $3.23 $3.47 $3.72 
Blast furnaces, steel, and rolling mills: 
Weekly earnings......................- $141.86 $145.71 $145.16 $155.86 $168.51 
Weekly hours 41.0 40.7 40.1 40.8 41.2 
Hourly earnings. ge $3 .46 $8.58 $3.62 $83.82 $4.09 
Nonferrous smelting and refining: 
Weekly earnings $124.44 $129.98 $134.30 $144.08 $151.79 
Weekly hours. .................-.....- 41.9 42.2 42.1 42.5 42.4 
Hourly earnings $2.97 $3.08 $3.19 $3.39 $3.58 
Petroleum refining and related industries: 
Weekly earnings......................- $138.42 $144.58 $152.87 $159.38 $170.83 
Weekly hours. .......................- 42.2 42.4 42.7 42.5 42.6 
Hourly earnings. $3.28 $3.41 $3.58 $3.75 $4.01 
Petroleum refining: 
Weekly earnings..............- $145.05 $151.56 $159.09 $166.27 $178.08 
Weekly hours 41.8 42.1 42.2 42.2 42.1 
Hourly earnings $3.47 $3.60 33.77 33.94 $4.23 
EE and coal products: 
eekly earnings $115.90 $120.22 $129.51 $135.91 $147 .19 
Weekly hours................- 43.9 48.4 44.2 48.7 44.2 
Hourly earnings $2.64 32.77 32.93 $3.11 $3.33 
Total manufacturing: ? 
Weekly earnings $137.35 $141.83 $142.96 $158.76 $165.48 
Weekly houng... 41.8 41.2 40.9 41.3 41.6 
Hourly earnings. . $3 .32 $3.44 $3.51 33.74 $3.99 


! Includes other metal mining not shown. 
? 11-month average. 
3 Weighted average of data computed using figures for production workers as weights. 


Source: U.S. Department of Labor, Bureau of Labor Statistics, Employment and Earnings for the United 
States 1909-67. Bull. 1812-5, October 1967, 852 pp. Employment and Earnings, v. 15, No. 9, March 1969, and 
v. 16, No. 9, March 1970, table C-2. 
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Table 27.—Average labor-turnover rates in selected mineral industries 1 


(Per thousand employees) 


Blast Non- Petro- 
furnaces, ferrous leum 
Manu- Cement, steel smelt- Metal Iron Copper refining Petro- Coal 
Rates and year factur- hy- and ing mining ore ` ore and leum mining 


ing  draulic rolling and related refining 
mills refining indus- | 
tries 2 
Total accession rate: 
1967.......- 28 25 29 85 83 28 23 17 16 
1968........ 46 28 30 85 84 28 29 24 18 18 
1969 47 24 38 34 88 84 82 26 17 20 
Total separation rate 
. 31 25 27 38 35 35 22 16 18 
1968........ 4 25 85 80 85 86 27 24 17 17 
1969 49 24 28 88 83 81 24 26 17 18 
Layofi rate: 
1967 zs 14 17 9 8 9 17 5 6 b b 
1968.......- 12 10 14 8 8 18 5 6 4 5 
1969.......- 12 7 4 8 8 8 1 4 8 8 


! Monthly rates are available in Employment and Earnings as indicated in source. 
2 Standard Industrial Classification Industry 295, paving and roofing materials, included in total. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings Statistics for the 
United States, 1909-67. Bull. 1812-5, October 1967, 852 pp. Employment and Earnings, v. 15, No. 10, April 
1969, and v. 16, No. 9, March 1970, table D-2. 


Table 28.—Wages, salaries, and average annual earnings in the United States 


Percent change 


1967 1968 1969» | ————————————— 
1967-68 1968-69 
Wages and salaries: 
All industries, total millions.. ' T 075 $464,817 $509 , 084 +9.9 +9.5 
Muir 8 do- 4,647 874 5,884 +4.9 +10.5 
Manufacturing do 134, 165 145,874 157, 520 +8.7 +8.0 
EES e earnings per full-time employee: | 
Ali maus 06, total A r 6,230 . 6,655 1,087 +6.8 +6.5 
EN 7,556 7,964 8,587 +5.4 +7.8 
Manu acturing-.-.-.----------2------ 6,880 7,347 7,768 +6.8 +5.7 
r Revised. p Preliminary. 
Source: U.S. oo of Commerce, Office of Business Economics. Survey of Current Business. V. 50, 


No. 7, 7, July 1970. 
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Table 29.—Labor-productivity indexes for selected minerals 
(1957-59 =100) 


Copper, crude ore mined per— Iron, crude ore mined per— 
Year Production Production 
Employee Production worker Employee Production worker 
worker man-hour worker man-hour 
/ ¹· ww ͥͤ s wiebeedu 145.0 136.7 131.1 187.5 180.8 169.1 
198 8 146.0 136.1 129.1 183.0 176.9 162.6 
%% — 148.2 138. 6 131.1 186. 6 183.1 163. 5 
11. 126. 5 129.3 123.7 190.8 188.2 168.4 
199888. 143. 8 145. 5 127.1 206.5 205.4 185.2 
Copper, recoverable metal mined Iron, usable ore mined per— 
per— 
Production Production 
Employee Production worker Employee Production worker 
worker man-hour worker man-hour 
1964. 1... p EE eee 8 138.4 130.5 125.2 145.5 140.3 131.2 
1968..-:.-22:.222 22] che 135.3 126.2 119.6 143.2 138.5 127.3 
19662326 ee he 134.8 126.0 119.2 147.0 144.3 128.9 
//§§ö§Ü% jð cu ]ĩð-âv AE EENE 112. 5 115.0 110.0 139.5 137.5 123.1 
1968 D... Ge 120.1 121.8 106.4 144.2 143.5 129.4 
Petroleum, refined per— Bituminous coal and lignite 
mined per— 
Production Production 
Employee Production worker Employee Production worker 
worker man-hour worker man-hour 
1960h ssn 153.9 156.9 154.7 162.6 161.5 144.4 
1960 ENEE EE 163.7 166.8 167.3 176.7 176.5 154.2 
I/. d a na 177.2 180.9 180.4 187.3 188.8 162.5 
/; p 184.9 p 191.2 p 184.9 190.4 191.6 164.9 


.., 8 NA NA NA 195.6 198.4 173.6 


p Preliminary. NA Not available, 
1 Corrected figure. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Index of Output per Man-hour Selected 
Industries, 1939 and 1947-68. BLS Bull. 1652, December 1969, 110 pp. 


Table 30.—Index of average unit mine value of minerals produced 1962-69 1 
(1967 —100) 


1962 1963 1964 1965 1966 1967 1968 1969 » 


METALS 

Ferrous. `... 89.3 91.5 94.3 95.3 95.7 100.0 102.0 103.9 
Nonferrous: 
Basé. ³˙¹¹ n 79.8 81.3 88.8 97.8 98.9 100.0 106.3 119.8 
Monetary iss 82.4 89.4 90.7 91.6 91.6 100.0 125.4 118.0 
ther... 2... . ee 108.1 112.2 115.5 115.0 106.7 100.0 100.8 95.9 
Average 84. 5 87.4 93.7 100. 3 99.6 100.0 107.4 115.1 
Average all metals. 86.9 89.5 93.9 97.6 97.5 100.0 104.5 109.1 
NONMETALS 

Construction 98. 5 97.9 98.2 98.3 98.2 100. 0 101. 5 103.2 
Chemical..............-- 89.6 88.7 91.5 93.2 95.6 100.0 102.9 98.3 
Other, 91.0 93.9 94.7 94. 5 94. 5 100. 0 103.3 111.7 
Average 96.4 95.8 96.6 97.0 97.4 100.0 101.9 102.6 

FUELS 
COG EES 97.4 95.8 96.9 96.4 98.1 100.0 101.3 109.0 
Crude oil and natural gas 2. 99.0 99.2 98.2 98.0 98.8 100.0 101.4 105.2 
Average 98.3 97. 6 97.0 97.1 98.5 100.0 100.4 105.3 
Overall average. 97.3 96.8 96.8 97.1 98.2 100.0 101.1 105.0 


P Preliminary. 
1 Rebased and reweighted using 1967 data. Splicing period was 1962-64. 
2 Does not cover isopentane, LP gases, and other natural gas liquids. 
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Table 31.—Index of implicit unit value of mineral produced 1 
1962 1963 1964 1965 1966 1967 1968 1969 » 
METALS 

Ferdus 87.7 91.2 94.1 95.4 95.7 100. 0 101.9 103.9 

Nonferrous 
ee eee 80.1 80.8 87.1 95.5 96.8 100.0 106.7 120.4 
Monetary........... 85.8 91.9 91.9 91.6 91.4 100.0 125.1 118.0 
JSC E TEE 109.5 113.1 115.9 112.3 105.1 100.0 100.4 96.3 
Average 84.7 86.1 91.6 96.8 97.1 100.0 107.2 117.8 
Average all metals.. 87. 0 88.7 92.8 96.2 96.5 100.0 105.0 112.4 

NONMETALS 
Construction. n 99.2 99.0 98.2 98.0 98.1 100.0 101.0 102.7 
Chemical 89.7 89.2 91.7 92.8 95.4 100. 0 102.4 98.1 
(014. 2 E 90.0 93.7 94.4 94.4 94.3 100.0 97.5 104.4 
Average 96.8 96.2 96.7 97.8 100.0 101.4 102.2 
FUELS 

// TTT 96.8 95.4 96.9 96.5 98.1 100.0 101.2 108.9 
Crude oil and natural gas.. 98.8 99.1 98.1 98.0 98.8 100.0 101.4 105.2 
Average 98.0 97.5 97.0 97.1 98.5 100.0 100.4 105.8 
Overall average.... 96.8 96.4 96.5 96.9 98.0 100.0 101.1 105.4 


» Preliminary. 


! Rebased and reweighted using 1967 data. Splicing period was 1962-64. 
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Table 32.—Price indexes for selected metals, minerals, and fuels 


(1957-59 =100 unless otherwise stated) 


Commodity 


Iron and E EE 
Iron and steel scrap_.._........---.-------------------------- 
Semifinished steel 
Finished steel p 
Foundry and forge shop products__....-.-..-.---------------- 
Pig iron and ferroalloyů “nnn 
Nonferrous metals. ....... Sc c LL LLL LLL c2 LLL Le ce Lee eL Lll ee 
Primary metal refinery shapes. ... nns 
Aluminum ingottũtrtrtũG”ttd LLL 2222 Lll Ll 2222 -.-- 
Lead, pig, common. ............-.-.--- Ll. ee eee eee 
Zinc, s 
Nonferrous S¢T@p d ⅛ yx k Ed aed uemu uas 

Nonmetallic mineral products 
Concrete in ients 
Sand, grav 
Concrete pro NC S S on « ] xx ee ara ca ses 
Structural clay products 
Gypsum HOER 
Other nonmetallic minerals 
Bla ß m aaa 
Insulation materials „ß.3 
Asbestos cement shingles %%% ⁵ K a a 
Bituminous binders 3 
Fertilizer materials „„ 
ei AE TER 

SSD ET TEE 
Phosphate rock 
Potash 


Electric VV»ᷣ V 
Petroleum products, refined 
Crude 


All comm 


etroleum 


r Revised. 
1 Publication discontinued. 
2 January 1958 «1009. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January 


1969-February 1970. Tables 2 and 2A. 
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Table 33.—Comparative mineral energy resource prices 


Fuel 1967 1968 1969 
Bituminous coal: Average prices per net ton at merchant coke oveng r $10.33 r$10.58 * $10.75 


Anthracite, average sales realization per net ton at preparation plants, ex- 
cluding dredge coal: 


55 ))))!õͤõũ ↄ “y Lee Susana $12.08 $13.02 $14.12 
ee ⁵ ⁵ VV 8 39.75 310.80 $12.14 
Buckwheat NOS toes ss ß i ß r$9.19 $10.18 $11.53 
Petroleum and petroleum products: 
Crude petroleum, average price per barrel at well $2.92 $2.94 $3.09 
Gasoline, average dealers' net price (excluding taxes) of gasoline in 55 
UJ. S; COR Eeer cents per gallon.. 16.31 16.51 17.11 


Residual fuel oil: 
No. 6 fuel, average of high and low prices per barrel (refinery) at 
Philadelphia 1 EEN $3.10 $3.10 $3.10 
Bunker C, average price per barrel for all Gulf ports ` ` $1.98 $1.67 $1.47 
Distillate fuel oil: 
No. 2 distillate, average of high and low p at Philadelphia ! 
ents per gallon (refinery).. 10.57 10.90 10.90 


No. 2 distillate, average price for all Gulf porta MINORE do.... 9.48 9.40 9.24 
Natural gas: 
Average U.S. value at well.............. cents per thousand cubic feet. . 16.0 16.4 16.7 
Average U.S. value at point of consumption. ..................- do.... 51.9 50.4 51.5 
r Revised. 


1 Platt's Oil Price Handbook. 


Table 34.—Cost of fuel in steam-electrical power generation 
(Cents per million Btu) 


1966 1967 1968 
Region — — — — —— — — 
Coal Oil Gas Coal Oil Gas Coal Oil Gas 
New England 83.6 32.9 83.8 84.3 80.5 82.2 84.3 30.5 32.2 
Middle Atlantic 26.5 81.8 84.4 27.8 83.2 35.4 21.8 83.2 85.4 
East North-Central....... 24.4 59.8 25.9 24.7 62.9 26.7 24.7 62.9 26.7 
West North-Central______ 26.4 49.9 24.2 25.6 51.6 24.0 25.6 51.6 24.0 
South Atlantic. .........- 25.6 88.6 31.8 26.6 82.5 31.7 26.6 82.5 81.7 
East South-Central....... 19.3 52.1 22.4 20.1 53.2 23.4 20.1 53.2 29.4 
West South-Central. ..... .....- 40.7 19.8. ootis 42.4 19.9. 2.4222 42.4 19.9 
Mountain 20.4 25.4 26.7 20.1 26.1 26.2 20.1 26.1 26.2 
Pei 88 81.5 81.5 325 81.4 30.8 ......- 81.4 30.8 
United States 24.7 82.4 25.0 25.2 82.2 24.7 25.2 82.2 24.7 


Source: National Coal Association. Steam-Electric Plant Factors. 1966 through 1968, table 2. 


Table 35.—Cost of electrical energy 
(Cents per kilowatt hour) 


1966 1967 1968 

Com- Com- Com- 

Region Resi-  mercial Resi- mercial Resi- mercial 
Total dential and Total dential and Total dential and 

indus- indus- indus- 
trial trial trial 

New England 2.3 2.9 1.9 2.3 2.9 1.9 2.2 2.7 1.9 
Middle Atlantis EE 1.9 2.7 1.5 1.8 2.6 1.5 1.9 2.6 1.5 
East North-Central....... 1.7 2.4 1.3 1.6 2.4 1.3 1.6 2.3 1.3 
West North-Central...... 2.0 2.5 1.7 2.0 2.5 1.7 1.9 2.4 1.6 
South Atlantic 1.6 2.1 1.3 1.6 2.0 1.3 1.5 2.0 1.3 
East South-Central....... .9 1.3 Vd .9 1.3 7 .9 1.3 .8 
West Soutb-Central....... 1.6 2.8 1.2 1.5 2.3 1.2 1.5 2.2 1.2 
Mountain 1. 5 2.2 1.2 1.5 2.2 1.3 1.5 2.2 1.2 
Pacific. ................- 1.2 1.7 1.0 1.2 1.7 1.0 1.2 1.7 1.0 
Alaska and Hawaii 2.5 2.9 2.2 2.5 2.9 2.2 2.4 2.9 2.2 
United States 1.6 2.2 1.3 1.6 2.2 1.3 1.5 2.1 1.3 


Source: Edison Electric Institute. Statistical Yearbook of the Electric Utilities Industry. 1966 through 1968. 


46 MINERALS YEARBOOK, 1969 


Table 36.—Indexes of principal metal mining expenses 1 
(1957-59 =100) 


Year Total Labor Supplies Fuel Electrical 
| energy 
J)); "c ? 102 ? 101 103 99 101 
ENER 2 104 2 103 105 101 100 
KEE 109 r 111 107 104 101 
IEN 110 113 109 102 102 
]969 EEN 114 116 113 105 103 
p Preliminary. r Revised. 


1 Indexes constructed using the following weights derived from the 1963 Census of Mineral Industries: Labor, 
54.11; explosives, 2.35; steel mill shapes and forms, 6.40; all other supplies, 26.75; fuels, 4.86; electric energy, 
5.53; and data from U.S. Department of Labor, Bureau of Labor Statistics, Wholesale Prices and Price Indexes. 
The index is computed for iron and copper ores only because sufficient data are not. available for other mining 
sectors. 

? Revised because of the change in weight values. 


Table 37.—Index of major input expenses for bituminous coal and crude petroleum 
and natural gas mining 1 


(1957-59 2100) 


Crude Crude 
Bitumi- ` petroleum Bitumi- petroleum 
Year nous and Year nous and 
coal natural coal natural 

gas gas 

Ü esa 86 100 198888 Emus mum NA NA 

1966. ...... ocu cs 86 100 1909... hd SS NA NA 
1967 EEN 87 100 


P Preliminary. NA Not available. 

! Indexes constructed by using data from the U.S. Department of Labor, Bureau of Labor Statistics, Whole- 
sale Prices and Price Indexes, annual and monthly, and weights derived from data shown in the 1963 Census 
of Mineral Industries, U.S. Department of Commerce, Bureau of the Census. Weights used are as follows: 
Bituminous coal—labor, 62.98, explosives, 1.77, steel mill shapes and forms, 3.88, all other supplies, 24.92, 
ls e 1 energy, 4.69; crude petroleum and natural gas — labor, 46.3, fuel, 2.6, electric energy, 3.5, 
and all other, 41.6. 
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Table 38.—Indexes of relative labor costs and productivity for iron ore, copper, 
bituminous coal, and petroleum mining 1 


(1957-59 2100) 


Year Iron Copper?  Bituminous Petroleum 
| ore ? coal 


INDEX OF LABOR COSTS PER UNIT OF OUTPUT 


KE 91 110 76 98 
KT r 93 112 75 94 
1960 EE 97 123 p 77 p 93 
%%%é⁵ÜO—1On]Q df re etl ee ur 98 126 NA NA 
1969 EE 101 129 NA NA 
INDEX OF VALUE OF PRODUCT PER MAN-PERIOD 
11% elu ĩð A ere 119 145 140 124 
1966 ĩ³ðD]ſſſ sup ⁵ð aa ga at G r 120 148 151 136 
7 ͥ ³¹ðͥ½ð]' ¹ ti.... 115 146 p 163 p 147 
KT o n «⅛˙ T.. EE 121 165 NA NA 
IJ é y K ĩͤ K eo E ae ees 125 194 NA NA 
INDEX OF LABOR COSTS PER DOLLAR OF PRODUCT 

I96D- tcu EE EE 97 90 85 102 
kr EE r 100 91 82 9 

||] oy PPE APN ASUS dd ͥſyſ yy y y A 105 93 p 79 p 95 
Jö» ⁵ꝛ* — . ͥ ⁰¶d dy 105 87 NA NA 
1969P: unu dne Sh ete eri n 8 108 78 NA NA 


p Preliminary. r Revised. NA Not available. 

1 Index of labor costs per unit of output: Iron ore and copper indexes are computed from data found in U.S. 
Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index based 
upon net tons per man per day (see chapter on Bituminous Coal) and index of average earnings derived from 
Bureau of Labor Statistics data on hourly earnings; petroleum index based on barrels per year (see chapter on 
Petroleum) and Bureau of Employment Security data on total wages in petroleum production. 

Index of value of product per man-period: Iron ore and copper indexes are computed from data found in 
U.S. Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index 
based on net tons per man per day and mine value of production; petroleum index based on average employment 
and total value of production. | 

Index of labor costs per dollar of product: Iron ore and copper indexes are computed from data found in 
U.S. Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index 
based on index of value per man per day and index of average earnings; petroleum index based on total value 
of production and total wages. 

? Indexes are for recoverable metal. 


Table 39.—Price indexes for selected cost items in minerals and mineral fuels 


production 
(1957-59 = 100, unless otherwise specified) 

1969 Change Annual average Change 
Commodity — frm — from 
January Decem- January 1968 1969 1968 

ber (percent) (percent) 
Col. o a arin ͥ ³¹i aE 112.7 124.6 +10.6 7107.1 116.2 +8.5 
OKÓ. ¿uzun n ee 120.3 126.9 +5.5 116.0 122.0 +5.2 
Gas fuels (January 1958 1000) 124.4 131.8 +5.9 7123.9 124.5 +.5 
Petroleum products, refined.................. 98.9 102.2 +3.3 100.3 101.8 +1.5 
Industrial chemicals 98.1 97.8 —.8 98.4 97.7 —.7 
FFC; ³⁰Ü E 147.9 128.2 —18.8 » 127.8 142.6 -F12.0 
EXDÍOSIVO8.. . oT Die ED 114.8 117.7 +2.5 114.8 117.0 +1.9 
Construction machinery and equipment 183.5 139.8 +4. r 130.2 135.5 +4.1 


r Revised. 
Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes, 


January-February 1969, tables 2 and 2B; January 1970, table 2A, January-December 1969 issues, table 2, 
used to figure annual average for explosives. 
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Table 40.—Price indexes for mining, construction, and material handling machinery 
and equipment 


(1957-59 =100) 


Con- Mining Power Special- 
struction machin- Oilfield cranes, ized Portable Scrapers Mixers, Tractors 
Year machin- ery and machin- drag- con- air com- and pavers, other 
ery and equip- ery and lines, struction pressors graders spreaders, than 
equip- ment tools shovels, machin- etc. farm 
ment etc, ery 
19665 115.3 113.3 104.7 113.7 110.3 128.7 114.2 119.6 117.6 
1966... TT 118.9 116.8 106.2 118.3 114.5 133.8 117.1 123.7 120.8 
1969 u. 123.2 120.3 110.0 122.3 117.0 134.9 120.1 128.5 126.1 
1968 r__________ 130.2 124.4 117.0 128.3 123.1 130.8 126.5 134.2 134.7 
19099 „—s” 135. 5 127.9 123.7 133.0 128.9 123.9 132.0 139.1 140.9 
r Revised 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes, January 
1970, and previous years, table 2A. 


Table 41.—National income originated in the mineral industries 


Income, millions Change 

Industry from 1968 

1967 r 1968 1969 » (percent) 
MINING EEN $6,345 $6 , 787 $7,157 +5.5 
Metal mining E 667 838 91 +9.2 
G y 1,453 1,462 1,615 +10.5 
Crude petroleum and natural ena ----------------- 2,995 3,195 3,370 +5.5 
Mining and quarrying of nonmetallic minerals________ 1,230 1,292 1,257 —2.7 
Manufacturing 195, 192 213,009 226,227 ＋6.2 
Chemicals and allied poroducta .-- 14, 068 15,440 16,392 +6.2 
Petroleum refining and related industries 6,494 6,451 6,672 +3.4 
Stone, clay, and glass products__._.__.____ 2L c ccc c.l. c. 5,785 6,504 7,118 +9.4 
Primary metal Industries ------------------ 15,348 16,023 16,848 +5.1 
All industries 653,580 712,686 769, 505 +8.0 


p Preliminary. r Revised. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 50, 
No. 7, 7, July 1970. 


Table 42.—Annual average profit rates on shareholders’ equity, after taxes, and total 
dividends, selected mineral manufacturing corporations 


Annual profit rate Total dividends 


(percent) (millions) 
Industry 
ange Change 
1968 1969 from 1968 1969 from 1968 

1968 (percent) 
All manufacturing h 12.1 11.5 —0.6 $14,189 $15,058 ＋6.1 
Primary metals 8.9 9. 5 + . 6 1. 205 1,195 —.8 
Primary iron and steel 7.6 T.G. paasi 640 615 —3.9 
Primary nonferrous met alas 10.7 12.2 +1.5 565 579 +2.5 
Stone, clay, and glass products... ............ 9.2 9.2- ossis 353 352 —.3 
Chemicals and allied products. ............... 13.3 12.8 —.5 1,844 1,890 +2.5 
Petroleum refining and related industries 12.2 11.7 —.5 2,876 8,082 +7.2 
Petroleum refining.....................- 12.3 11.7 —.6 2,866 3,076 +7.3 


1 Except newspapers. 


Source: Federal Trade Commission, Securities and Exchange Commission. Quarterly Financial Report for 
Manufacturing Corporations. lst Quarter and 4th Quarter 1969, tables 4, 8. 
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Table 43.—Industrial and commercial failures and liabilities in mining and 


manufacturing 
Industry 1967 1968 1969 

Mining: 1 

Number of failures... ss 71 57 34 

Current liabilities... ...... LL LLL c LLL sss -- thousands $24,576 $28,773 $15,104 
Manufacturing: 

Number of failuree s 1,761 1,456 1,459 

Current liabilities... 2 LLL LLL. thousands $301,293 $262,927 $391,846 
All industrial and commercial industries: 

Number of failure s 12,364 9,636 9,154 

Current liabilities._._______ 22 LLL SL... thousands.. $1,265,227 $940,996 $1,142,113 


1 Including fuels. 


Source: Dun & Bradstreet, Inc., Business Economics Department. Monthly Failure Report K-11, No. 12, 
Jan. 31, 1970, 4 pp. 


Table 44.—Expenditures for new plant and equipment by firms in mining and selected 
mineral manufacturing industries 


(Billions) 

Industry 1967 © 1968 © 1969 
Mining ii $1.65 $1.63 $1.86 

Manufacturing: 
Primary iron and stee·a——U—— 1.92 2.00 1.83 
Primary nonferrous metals 1.07 1.09 1.10 
Stone, clay, and glass produets -------------------- .96 . 86 1.07 
Chemical and allied products... .....................-.- 3.06 2.83 3.10 
Petroleum and coal products. ........................... 5.08 5.25 5.63 
All manufacturing 28.51 28.37 31.68 

r Revised 


1 Including fuels. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 50, 
No. 1, January 1970, p. 29, table 1; v. 50, No. 6, June 1970, p. 18, table 5. 


Table 45.—Plant and equipment expenditures of foreign affiliates of U.S. companies by 
area and industry 


(Millions) 
1967 1968 19691 
Area and — ä—. V — FP O 
country Mining Petro- Manu- Mining Petro- Manu- Mining  Petro- Manu- 
and leum factur- and leum factur- and leum factur- 
smelting ing smelting ing smelting ing 
Canada * $332 $636 1,001 $340 $669 $846 $358 $722 $1,081 
Latin America. r 288 r 306 r 505 456 415 574 556 622 716 
Europe 8 71,045 72,382 10 834 2,012 12 1,067 2,120 
All other areas 293 Á 71,012 687 227 1,367 746 297 1,741 829 
Total 2 r920 1 3,000 r4,525 1,033 3,285 4,178 1,223 4,152 5,946 
r Revised. 


1 Estimated in June 1969. 
* Details may not add to total because of rounding. 


pui U.S. 5 of Commerce, Office of Business Economics. Survey of Current Business. V. 49, 


No. 9, September 1969, p. 
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Table 46.—Estimated gross proceeds of new corporate securities offered for cash in 19691 


Total corporate Manufacturing Extractive ? 
Type of security — — — —y— — —ũ— —i rH R  IÀ s 
Millions Percent Millions Percent Millions Percent 
Bond... e . E 2 $18,348 68.6 $4,451 70.0 $377 21.9 
Preferred stock_._............-.---...-.-- 682 2.6 65 1.0 1 .1 
Common stock 7,714 28.8 1,840 29.0 1,343 78.0 
TOUBlC dos e v 26,744 100.0 6,356 100.0 1,721 100.0 


1 Substantially all new issues of securities offered for cash sale in the United States in amounts over $100,000 
and with terms of maturity of more than 1 year are covered in these data. 
? Including fuels. 


Source: U.S. Securities and Exchange Commission. Statistical Bulletin. V. 29, No. 4, April 1970, p. 12. 


Table 47.—Direct private investment of U.S. companies in foreign petroleum 
industries in 1968 » 


(Millions; net inflows to the United States designated by —) 


Petroleum All industries 
Book Undis- Book Book Undis- Book 
value Net tributed value value Net tributed value 
inning capital earnings end of inning capital earnings end of 
of year outflows of sub- year of year outflows of sub- year 
sidiaries sidiaries 
Canada......... $8,819 $168 $107 $4,088 $18,097 $594 $762 $19,488 
Latin American 
Republies, al all.. 2,903 59 25 2,976 10,265 461 297 11,010 
Other Western 
Hemisphere 569 81 17 667 1,779 111 59 1,979 
Europe.......... 4,423 821 —112 4,640 17,926 995 442 19,386 
Africa. 1,219 813 15 1,567 2,278 308 71 2,673 
Middle East 1,608 89 13 1,654 1,749 37 23 1,803 
Far East 992 123 31 1,146 2,540 197 160 2,891 
Oceania 592 36 19 646 2, 520 164 132 2, 821 
International 1. 1,279 46 124 1,451 2,936 158 196 2,705 
Total? ... . 17,404 1,181 239 18,835 59,486 8,025 2,142 64,756 


» Preliminary. 
1 Comprised of international trading and shipping companies. 
2 Data may not add to totals shown because of independent rounding. _ 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 49, 
No. 10, October 1969, pp. 28-29. 
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Table 48.—Direct private investments of the United States in foreign mining and 
smelting industries in 1968 » 


(Millions) 


Undis- 
Net tributed 
Value capital earnings Earn- Income? 
outflow of sub- ings! 


sidiaries 

Canadá... . . Sasu $2,636 $194 $102 $285 $180 
Latin America, total... .... 2. LL cL ccc cc ccs essen ,4 119 94 275 
C7%ö§˙%7˙iẽÜð ² Aů ⁵ ote eben eee eee SS 11 5 7 17 9 
FEE. 8 111 A dee, ee 

Hrazibe co ral M c: dd y Me iE 81 0) | ....... (3) (3) 
ON EE cmd 8 586 78 —8 134 131 
hd. NEIN ETUR 421 22 1 85 88 
F EES 61 —2 2 6 
Africa, total... 387 —15 2 69 63 
South Africa, Republic o. 78. —14 —7 31 32 

e e , ENEE 42 (4) (4) (4) 
Oceania, total... LL Lac ccc csse ee eee 867 83 12 28 
JJôöĩ;ũ?⁴ ͤ=— dd 365 33 12 33 23 
All other countries 476 54 1 98 99 
Total, all oreagg" Lc c css sss se 5,370 383 126 789 645 

p Preliminary. 


1 Earnings is the sum of the U.S. share in net earnings of subsidiaries, and branch profits. 

? Income is the sum of dividends, interest, and branch profits. 

3 Combined in “other” industries in source reference. 

* Less than 14 unit. 

š All other countries" includes other Western Hemisphere, Middle East, and International. 
6 Excludes Communist countries. 

? Data may not add to total shown because of independent rounding. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 49, 
No. 10, October 1969, pp. 28-29. | 


Table 49.—Value of foreign direct investments in the United States 
(Millions) 
Industry 1964 1965 1966 1967 . 1968 


KN NIME lasa sns aoa MC $8,363 $8,797 39,065  À 39,054 $10,815 
Petroleum: ee 1,612 1,710 1,740 1,885 2,261 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 49, 
No. 10, October 1969, p. 36, table 15. 
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Table 50.—Rail and water transportation of selected minerals and mineral energy 
products in the United States 
(Thousand short tons) 


Rail! Water ? 
Products Change Change 
1967 1968 from 1967 1967 1968 from 1967 
(percent) (percent) 
Metals and minerals except fuels: 
Iron ore and concentrates. - - _ 92,784 94,096 +1.4 68,291 69,002 +1.0 
Iron and steel scrap......... 25,469 26,716 +4.9 1,551 1,577 +1.7 
Pig ion A PEE 3,727 4, 296 +15.3 698 648 —7.2 
Iron and steel ingot, plates, 
bars, rods, tubing, and 
other primary products 49,841 54,291 +8.9 7,738 8,184 +5.8 
Bauxite and other aluminum 
ores and concentrates. .... 4,322 4,060 —6.1 907 904 —.3 
Other nonferrous ores and 
concentrates. ...........- 11,867 13,515 +13.9 1,378 438 —68.2 
Nonferrous metals and alloys. r 8,626 9,508 +10.2 686 631 —8.0 
Nonferrous metal scrap._ _ - - 3,035 3,201 +5.5 36 46 +27.8 
GE SE EE eL Eur 5 519 465 —10.4 
and and gravel............ ,044 š; +2. 
Stone, crushed and broken... 63,27 63,202 = i} 66,186 — 72,291 T9.8 
Limestone flux and calcareous 
, . DLL ET 31,743 33, 520 ＋5. 6 
Cement, building 25, 135 25,809 4.7 8,719 10,658 ＋22.2 
Phosphate rock. ...........- 84,015 32,978 —3.1 4,738 4,7 4.5 
Clays, ceramic and refrac- 

š PE s FF 3,249 3,202 —1.5 SE 7151 Fu 
ulfur, di E —35. 
Sulfur, liquid....--.....--- 3,514 3,160 10.1 8.747 8.485 3.0 
Gypsum and plaster rock 672 149 +11.5 78 765 —2.8 

Other nonmetallic minerals 
except fuels... .........- r 8,179 8,405 +2.8 6,194 5,898 —4.8 
Fertilizer and fertilizer ma- 
terial» 18,790 18,382 —2.2 2,933 3,673 +25.2 
DOG) cece ee 415,991 426,078 +2.4 214,138 224,203 +4.7 
Mineral energy resources and re- 
lated products: 
ce h 7,879 7,471 5.2 
nthracite............. i ç —5. x 
Bituminous and lignite.. 376,704 371,654 E 3 164.378 156,108 5.0 
/ ˙· w.. 8 293 262 —10.6 485 483 —.4 
5 petroleum 660 566 —14.2 , z^. 8 182 e 920 pb 
asoline..................- i i —1. 
Jet fuel 3,257 2.777 14.7 12,152 12,566 13.4 
Keros ine 260 253 —2.7 8,413 8,539 +1.5 
Distillate fuel oil 1,777 1,748 —1.6 79, 585 74,612 —6.3 
Residual fuel oil 4,181 4,456 +6.6 44,032 55,599 +26.3 
Asphalt, tar, and pitches. _ __ 2,917 2,933 +.5 7,566 8,207 +8.5 
Liquefied petroleum gases 
and coal gases 6,395 6,998 +9.4 790 1,036 +41.9 
Other petroleum and coal 
produets 332 r 8,924 9,468 +6.1 10,385 10,713 +3.2 
l! r 413,247 408, 586 —1.1 514, 680 517, 588 +.6 
Total mineral products... 1 829,238 884,664 +.7 128,818 741,791 +1.8 
Grand total, all 
commodities. .......... 1,406,668 1,430,441 +1.7 870,634 887,889 +2.0 
Mineral products, percent of grand 
total: 
Metals and minerals, except 
rr cul T GE r29.6 29.8 +.7 24.6 25.3 +2.8 
Mineral energy resources and 
related products. ......... 29.4 28.6 —2.7 59.1 58.3 —1.4 
Total mineral products... . r 59.0 58.4 —1.0 88.7 83.6 —.1 


r 


vised. 
1 Revenue freight originated on respondent's road and terminated on line by originating carrier or delivered 
to connecting carrier. 
? Domestic traffic includes all commercial movements between points in the United States, Puerto Rico, 
and the Virgin Islands. 
3 Includes lubricants, naphtha, and other petroleum solvents, and miscellaneous petroleum and coal products. 


Sources: Interstate Commerce Commission, Bureau of Accounts. Freight Commodity Statistics, Class I 
Railroads in the United States for the Years Ended December 31, 1967 and 1968. Statements No. 69100 and 
No. 69100-A. Department of the Army, Corps of Engineers. Waterborne Commerce of the United States, 
Part 5, National Summaries. Calendar Years 1967 and 1968, table 2. 
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Table 51.—Percentage distribution of mine shipments of bitumnious coal and lignite 
by method of shipment and mine use 


Shipped by Shipped by  Trucked to 


Year rail and water and final Used at Total 
trucked to trucked to destination mines! production 
rail water 
IER 72.6 11.8 13.3 2.8 100.0 
% ĩ A ſ ³ð AAA 8 72. 5 11.6 12.6 8.3 100.0 
I961. un xx EE 73.2 12.1 11.2 3.5 100.0 
198888... ⁰⁰ rene 72.7 12.3 11.3 3.7 100.0 
kr WEE meer 8 71.0 12.7 11.8 4.5 100.0 


1 Includes coal used at mine for power and heat, made into beehive coke at mine, used by mine employees, 
used for all other purposes at mine, and transported from mine to point of use by conveyor, tram, or pipeline. 


Table 52.—Miles of utility gas main by type of gas and by type of main 1 


Type of gas and type of main 1964 1965 1966 1967 1968 
All t pes: 
Field and gathering 61,010 61,760 62,980 683,710 64,440 
Transmission 205, 400 211,240 216,980 225,360 234, 450 
Distribution 469,810 494,520 519,610 539,200 562, 750 
TOCA) joe j 8 736,220 767, 520 799, 570 828,270 861,640 
Natural gas: i 
Field and gathering EEN 61,010 61,760 62,980 63,710 64,440 
Transmission 204, 730 210, 660 216,410 224,790 293,940 
Distribution 458, 770 484, 260 509, 840 529, 340 554,030 
„ eee het 724,510 756, 680 789, 230 817, 840 852, 410 
Manufactured gas: 
Transmission (2) I0 u ¹—w.. ebe wQ usu 
Distribution 1,460 1,420 1,180 1,140 1,070 
DO WEE 1,460 1,430 1,180 1,140 1,070 
Mixed gas: , 
Transmission 670 570 570 570 510 
Distribution 8,310 7,810 7,800 7,950 6,980 
VV d'V RE 8,980 8,380 8,370 8,520 7,490 
Liquefied petroleum gas: Distribution 1,270 1,030 790 770 670 


1 Excludes service pipe. Data not adjusted to common diameter equivalent. Mileage shown as of end of each 
year. 
? Less than 5 miles. 


Source: American Gas Association. Gas Facts, a Statistical Record of the Gas Utility Industry in 1968, p. 61. 
For earlier years, see Historical Statistics of the Gas Industry. 


Table 53.—Petroleum pipelines, selected years 


(Miles) 
Trunklines Gathering 
Year —P S—||P"“ OPO lines Total 
Crude Products 
Kr EE 78,594 86,420 73, 526 188, 540 
IJͥõͤ]¹§˙ “!. ð KKK ane 8 70,317 44,483 75,182 189 , 982 
1! ͥ ͥ ³⁰ ¹§Üi’ Saam eee M LE cC 70, 355 53, 200 76, 988 200, 543 
1//öÄ0”%hdf0P— P. mrs x uD mise 72, 383 61,443 77,041 210, 867 


EES 70,825 64,529 ^ 74,124 209,478 
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Table 54.—Research and development activity 


(Millions) 
Total Company Federal Government 

1966 1967 p 1966 1967 » 1966 1967 v 

Petroleum refining and extraction M $469 58 wë $47 $38 
Percent of all industries 2.7 2.9 5.3 5.4 0.6 0.5 
Chemicals and allied produets $1, 461 $1, 565 $1,271 $1,353 Ve $212 
Percent of all industries 9.4 9.5 17.8 16.8 2.3 2.5 

All industries $15, 548 $16,420 $7,216 $8,032 $8,332 $8,388 


P Preliminary. 
Source; National Science Foundation. Reviews of Data on Science Resources. No. 12, January 1969, table 1. 


Table 55.—Federal obligated funds for metallurgy and mineral research 


(Thousands) 
Fiscal year 1969 e Fiscal year 1970 e 
Federal agency Basic Applied Total Basic Applied Total 

research research research research research research 
Department of Defense $17,407 $49,017 $66,424 $20,340 $60,172 $80,512 
Atomic Energy Commission 11,972 15,208 27,180 12,284 15,080 27,364 

National Aeronautics and Space ' 
Administration______. 14,638 7,200 21,838 15,524 6,322 21,846 
Bureau of Mines 11,810 11,810 . ....... 12,238 12,238 
National Science Foundation 2,494 . ....... 2,494 2,445 514 2,959 
Department of Aerieulture `... ....... | .....-. ! ðx ee 
Department of Commerce 1,450 46 1,496 1,527 46 1,573 
OUNCE u ho w kA ae 1,459 1,844 3,803 1. 509 3,386 4,895 
Total. 2.32 z zz nies 49,420 85,125 134, 545 53, 629 97, 758 151,387 

e Estimate. 


Source: National Science Foundation. Federal Funds for Research, Development, and other Scientific 
Activities. NSF 69-31, v. 18, August 1969, tables C-24, C-25, C-43, C44, C-62, C-63. 


oe 56.—Bureau of Mines obligations for mining and mineral research 
and development 


(Thousands) 
Fiscal year Applied Basic Develop- Total 
research research ment 
KI Es $20,836 $4,636 $3,390 $28,862 
19067 fess eee E Sete eae et A tuU as e e — 23,148 4,841 4,423 32,412 
KI EE Ä ĩ y E eee 24,215 4,893 5,136 94,244 
1öÜ ³ Ä(mf0...... yy y a ESE 25, 934 4,051 5, 033 35,018 


7%/%õͥõͤõĩͤĩ5?k ꝑ ð y dy y ĩ EE 27, 168 6,298 12, 558 46,024 
e Estimate. 


Table 57.—Bureau of Mines obligations for total research, by field of science 


(Thousands) 
Fiscal year 
1968 1969 1970 e 
c . p ̃ p ——— Á—— $20,032 $19,547 $23,673 
FFII! ⁵⅛˙”“¹»t md : E 6, 999 8,192 7,452 
Mathematical science 595 689 557 
Environmental sciences. |... 2: LLL LL LL LLL L2 cL LLL LL LLL eee 1,482 1,557 1,784 
Total s s; ˙¹¹wwm EEN 29,108 29,985 33, 466 


e Estimate. 
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Table 58.—Summary of government inventories of strategic and critical materials 
December 31, 1969 


Acquisition cost Market value! 

Total inventories: 
National stockpildgacaek dw 354, 321, 671, 800 35, 196, 071, 700 
Supplemental stoekpile 2... LL lll lll... 1,443,878,200 1. 507, 874, 200 
Defense Production Ae 848,990,600 519,059,800 
Commodity Credit Corporation 28,600 22,400 
Total on hand. ........... LLL LLL LL LL cL c2 lcs s 2222222222 6,614,563,700 7, 223, 028, 100 
On orle rr D DLL LL D LLL LS LLLI „764, 900 114, 380, 500 
Inventories within objective: Total on hand 3, 773,446, 700 4.467, 164, 300 
Inventories excess to objective: Total on hand. .................. 2,841,117,000 2, 755, 863, 800 


! Market values are estimated from prices at which similar materials are being traded; or in the absence of 
trading data, at an estimate of the price which would prevail in the market. Prices used are unadjusted for 
normal premiums and discounts relating to contained qualities or for normal freight allowances. The market 
values do not necessarily reflect the amount that would be realized at time of sale. Stockpile value is based on 
inventories in storage and includes quantities sold but not shipped. 


Source: Executive Office of the President, Office of Emergency Preparedness. Stockpile Report to the 
Congress, July-December 1969, p. 8. 
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Table 59.—U.S. Government stockpile disposal of mineral commodities, 1969 


Sales commitments 


Commodity 
Quantity Sales value 
NATIONAL AND SUPPLEMENTAL STOCKPILE INVENTORIES 
Aluminum. EE short tons 108,411 $58,500,614 
Aluminum i gefekefefeff‚effeff d .... l... ....- do.... 400 43,400 
ANUMONY 222 ß , do 2, 395 2,013,791 
Asbestos, amos itte do 2, 294 404, 532 
Asbestos, crocidolite eee rc NR 2,663 540,862 
ENEE Een do. 1,946 1,139,805 
Fl ³o˙A1àAAnAmAA us SSS eerie u spa pounds 334, 130 1,336,630 
ÄP cocer Cea cent cL ee e SS do.... 2,655,892 7,960,457 
Celegtitë- Cu T oo lle nue EE K 8 short Gong 12,199 226,919 
Chromite, chemical............ 2 2 2-2 2 2L Lll LL l... short dry tons 5, 320 68,350 
Chromite, metallurgical............ 2.222 22-2 LL 22 2L22l 222222. do.... 44,339 995,209 
Fluorspar, eic TEEN do. 200 12,978 
G re ee a i ee eo ĩ ee enced short tons 1,893 248, 705 
))))! ↄ ſ ³ÄW.ſãſſſſĩũ Ud NES 0...- 25,629 8,467, 622 
o o o˙˙ t ⁊ ⁰ -- do 26,481 17,030,172 
Manganese, metallurgical__ ..... 22 LLL LLL LLL css 2222s ss rz do.... 26,909 406 , 482 
Nee battery, synthetic dioxidee d- do. 1,000 339,966 
))) ðVͥ EE pounds 572, 964 700, 334 
e ü ĩê?é˙%.UGĩ“/éãO ⁵ y NRI do 9,958, 549 17,177, 757 
Gatter 8 do 140, 510 634,757 
Rare earthd. —.. pric ee . wate short dry tons... 760 337,437 
F ⁵ði d ⁰ꝛ pounds 1. 585 4,777 
111111! ͥ 0Gſſſ . mm:. y k u sŠ long tons 2,046 7,523,480 
Vanadium. ....... LL LLL LL LLL LL LLL LL LLL LLL LLL e L22 2o LLL short tons... 671 3,492, 941 
)])!!! 8 do 17,355 5,071,126 
Total. o.c su Dp EE 134,669,053 
DEFENSE PRODUCTION ACT (DPA) INVENTORY 
Aluminui EE short tons 28,899 15, 726, 505 
tas , ß ß osa U E do.... 336 62,401 
Cobalt. rosa LL da lud hM f yy ELE pounds 9,068, 176 18, 165, 540 
Columbia SOHO SOEUR do.... 1,564,362 2,491,479 
Fluorspar, acid-grade. ......... 22222 2 LLL . . . short dry tons 9,131 399, 486 
Manganese, metallurgiellleelll do 7,627 73.512 
LK ⁵ ² “᷑: y y y 8 pounds : 216,643 818,758 
Mica, muscovite block... 2.22. 222 cc . css 2ssss 2s ssa do.... 15,068 37,007 
e d EE short tons 1,247 2,620,020 
Titanium sponge. --------------------------------------a do. 6 11,775 
Tungsten EE pounds - 38,376, 547 100, 962, 895 
õĩ§¹nAAmdddddddſᷓͥõẽ . ⁵ 2 eege - ded UEM LEE 140,869,378 
OTHER 

Asbestos, crocidolite. |... 222.2222 eee Lll lll. short tons 1 25 
GVU ] Ü ³ AAA bud ome few ce Sa long dry tons.. 110,000 500,000 

e ß e e a pounds 3, 885 : 
Mercury 221-2 adu excu nma tan eebe flasks. _ 3,078 1,597,420 
l ³»¹0miä Li EE pounds 9,000,000 10,295,761 
Silver (ing) EE troy oun ces 39, 270, 561 
DOUG 2a tue ð ði EE uM E dE 51,665,106 

—.— 

Grand total EE 327, 203, 537 


! Includes a credit of $2,022. 

? Represents that portion of the total proceeds in excess of the U.S. monetary value based on $1.2929. 
48,468, vi 0 ounces of silver were sold at an average price of $1.896, and 40,620,361 ounces were sold at an average 
price of $1.74. 


Source: Executive Office of the President, Office of Emergency Preparedness. Stockpile Report to the Con- 
gress. January-June 1969, pp. 13-14; July-December 1969, pp. 20-21. 
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Table 60.—United Nations indexes of world 1 mineral industry production 


(1963 =100) 
1969 by quarters 
Industry sector and geographic area 1967 1968 1969 
1st 2nd 3rd 4th 
EXTRACTIVE INDUSTRIES 
Metals: 
Non-Communist world 115 121 126 121 129 128 127 
Industrialized countries i 114 121 125 120 129 125 126 
United States and Canada 115 122 125 121 130 123 125 
EE 108 117 123 123 128 119 123 
European Economic Community 3 92 95 96 97 100 91 95 
Less industralized countries 118 121 129 122 127 135 130 
Latin America 2222 122 124 131 123 131 139 131 
Asia, East and Southeast 33. 119 120 127 121 121 134 130 
Communist Europe 149 161 170 170 170 172 167 
SS E EE 123 130 136 132 138 138 136 
oal: 
z Non-Communist world... 94 91 90 92 90 85 91 
| Industrialized countries? |... 92 89 87 90 88 82 89 
United States and Canada 117 114 114 111 117 110 118 
Bree i 84 80 77 83 77 71 
European Economic Community 3. 83 80 79 83 77 75 82 
Less industrialized countries:). 112 114 118 116 120 117 118 
Latin America s_____ 2... 2. 2... 121 131 135 NA NA NA NA 
d Asia, East and Southeast 33. 112 116 117 116 119 115 118 
Es Communist Europe 111 114 118 118 115 118 120 
K World uuzů—ü w 101 100 101 103 100 98 103 
Crude petroleum and natural gas: 
Non- Communist world ------------—- 126 135 144 139 143 144 150 
Industrialized countries 22) 116 121 124 122 124 123 127 
United States and Canada 116 120 123 120 124 122 126 
Europe. ß ug. As 124 133 144 146 136 137 159 
European Economic Community 33 122 133 147 149 139 139 163 
| Less industrialized countries ............. 140 155 171 163 169 173 179 
: Latin Americas 106 109 109 107 107 111 112 
d Asia, East and Southeast 33. 141 155 169 160 167 171 178 
É Communist Europe 145 157 164 163 166 164 163 
3 World: z ỹ ͥ VA nue e eL tL 130 140 148 144 149 148 152 
1 Total extractive industry: 
$ Non-Communist world 118 124 130 126 131 130 134 
Industrialized countries 22 111 115 118 115 119 117 121 
United States and Canada 117 120 124 119 125 123 126 
e . lQ SS 99 102 105 106 104 100 108 
European Economic Community 33 99 105 111 112 108 106 117 
Less industrialized countries: 133 146 159 152 157 161 165 
Latin America 111 113 116 112 114 120 117 
Asia, East and Southeast 33... 137 149 161 153 160 163 169 
Communist Europe 132 141 144 144 144 144 ` 144 
E e BEEN 122 129 134 132 135 134 137 
PROCESSING INDUSTRIES 
Base metals: 
Non-Communist world — 123 133 147 144 149 141 150 
Industrialized countries 2 123 132 146 144 149 140 149 
United States and Canada 117 122 132 132 137 125 131 
a ß c es 118 131 145 145 148 137 149 
European Economic Community 3 119 133 148 147 150 143 152 
Less industrialized eountriesgt ___________- 127 141 156 150 154 160 162 
Latin America _------------------ 127 141 162 150 161 171 169 
Asia, East and Southeast . 129 139 151 155 148 147 157 
Communist Europe 136 147 156 156 155 156 156 
re) ol Le AREE ⅛⁰¾e a S a 127 137 149 148 151 145 152 
Nonmetallic mineral products: 
Non-Communist world. 123 131 141 126 144 148 145 
Industrialized countries 2222 122 130 138 123 143 146 142 
SCH United States and Canada 118 124 132 120 136 141 133 
f zc EE 122 130 137 118 144 145 141 
d European Economic Community 3_ ____ 117 126 133 111 141 145 138 
Less industrialized countries 133 142 157 142 156 161 168 
Latin America 5.__-_---------------- 130 146 149 140 151 150 156 
Asia, East and Southeast __ 135 142 166 146 163 173 183 
Communist Europe 143 153 164 162 167 161 168 
Ward eu ³ yy lo LE 8 131 140 150 137 152 152 154 


See footnotes at end of table. 
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Table 60.—United Nations indexes of world 1 mineral industry production—Continued 


(1963 = 100) 
| 1969 by quarters 
Industry sector and geographic area 1967 1968 1969 ————————————————— 
1st 2nd 3rd Ath 
\ 
PROCESSING INDUSTRIES—Continued 
Chemicals, petroleum, and coal products: 
"^ Non-Communist world ------------------—- 137 152 167 162 167 166 172 
Industrialized countries 2ãꝛ 138 153 168 163 169 166 172 
United States and Canada 132 143 153 150 154 153 155 
FEurdgddddd 8 143 161 181 177 183 175 187 
European Economic Community .. 145 166 187 182 190 183 193 
Less industrialized eountriesi ___------- 133 148 159 152 156 162 166 
Latin Americas 133 147 159 NA NA NA NA 
Asia, East and Southeast 133 148 162 155 155 164 172 
Communist Europe 159 176 196 192 196 198 196 
( ͥ aa uy Ae a 142 157 173 168 173 172 177 
Overall industrial production: 
Non-Communist world 127 135 145 142 145 143 151 
Industrialized countries 126 135 144 141 145 142 150 - 
United States and Canada 127 133 139 137 140 139 140 | 
EBuroddd 8 119 128 139 137 140 132 148 d 
European Economie Community 3_ __ __ 117 127 141 138 142 135 151 WW 
Less industrialized countries 131 141 152 148 150 154 157 n 
Latin Ameriea sz 126 134 142 NA NA NA NA L 
Asia, East and Southeast 66. 133 145 157 153 155 158 163 i 
Communist Europe 2. 22222 LL L2 LLL lol. 139 151 162 162 163 160 162 ' 
World: z EE 130 140 150 147 150 148 154 3 


NA Not available. 

1 Excludes a number of countries of the Near East and Africa as well as mainland China, North Korea, and 
North Vietnam. 

? All countries having a per capita value added in manufacturing in 1958 equivalent to US$125 or more. 

3 Belgium, France, West Germany, Italy, Luxembourg, and the Netherlands. i 

4 Countries having a per capita value added in manufacturing in 1958 of less than US$125. : 

5 Central and South America and the Caribbean Islands. ‘ 

6 Afghanistan, Brunei, Burma, Ceylon, Hong Kong, India, Indonesia, Iran, South Korea, Malaysia (excluding 
Sabah), Mongolia, Pakistan, Philippines, Singapore, Taiwan, Thailand, and South Vietnam. » 

7 Albania, Bulgaria, Czechoslovakia, East Germany, Hungary, Poland, Rumania, and U.S.S.R. : 


Source: United Nations Monthly Bulletin of Statistics, August 1970, pp. 10-21. 
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Table 61.—Comparisons of world and U.S. production and U.S. imports of principal 


minerals and mineral fuels in 1969 


Total U.S. 
production 


World Total U.S. 
production U.S. produc- U.S.imports production 
(thousand tion (per- (percentage and imports and imports 
Mineral short tons centage of of world 


unless other- world total) production) 
wise stated) P 


METALLIC ORES AND CONCENTRATES 


of world of world 
total total 
1969) 1968) r 
27.4 28 
19.4 20 
26.9 25 
18.1 19 
17.7 13 
21.5 20 
70.2 74 
21.6 80 
24.0 46 
39.4 87 
34.3 37 
49.4 51 
15.1 16 
19.2 13 
43.4 45 
23.0 24 
20.7 
28.2 24 
46.7 48 
4.4 6 
24.1 25 
35.5 84 
26.0 27 
NA 26 
13.8 13 
44.1 44 
29.9 80 
40.3 46 
28.5 29 
77.1 T5 
31.3 83 
NA 44 
28.1 27 
32.9 82 
57.7 61 
25.5 27 
62.9 64 
21.1 24 
NA N 


d S Nen neh De EEN bat tooto OR MO O0 NW km ott O 


(percentage (percentage 


Baux ite thousand long tons. 51,113 3.6 23.8 
Chromlle.. 4-2 2e huuu ducc 5,689 ........-- 19.4 
Coppe: (content of ore and concentrate). 6,655 23.2 3.7 
Iron ore thousand long tons 112,950 12.4 5.7 
Lead (content of ore and concentrate). . 3,523 14.4 3.3 
Mercury. . thousand 76-pound flasks _ 285 10.3 11.2 
Molybdenum (content of ore and 

concentrates)........... short tons. . 71,134 70.2 (1) 
Nickel (content of ore and concentrate). 530 3.2 24.4 
Platinum group (Pt, Pd, etc.) 

thousand troy ounces. . 3,337 .6 23.4 
EE do 288,601 14.5 24.9 
Titanium concentrates 

Ilmenite*........oe2l222242222 3, 531 25.3 9.0 
Rute eee. J 49.4 
Tungsten concentrate (60- percent 

tungsten dioxide). ...... short tons 35,821 13.0 2.1 

Zinc (content of ore and concentrate) 5,827 9.5 9.7 
METALS, SMELTER BASIS 

Aluminum . . .. 10,019 37.9 5.5 

Gp ð eese 7,304 21.2 1.8 

Iron, pig 460, 000 20.7 (1) 

e EE 3,671 17.4 10.8 
Magnesium_. —————M 222 45.1 1.6 
Steel ingots and casting 633,000 2.2 2.2 
IT ( thousand long tons 229 (1) 24.0 
Uranium oxide 22 short tons 21, 632 28.6 6.9 
7//‚”;*— xyz. 8 5, 586 19.9 6.1 

NONMETALS 
Asbestos NA NA 
Cement?3.. ........ thousand barrels.. 3,138,394 13.0 . 8 
Diamond........... thousand carats. . 42,544 44.1 
Feldsp ar thousand long tons 2,267 29.7 i2 
5 7J7Cͥͥͤͤ C 4,174 12.8 27.5 
GY OSU s yur m Ese 8 54,194 17.9 10.6 
Mica (including scrap). ...short tons. - 179 14.3 2.8 
Nitrogen, agricultural 3 . 39,556 26.8 4.5 
Phosphate rock. . thousand long tons NA NA NA 
Potash (K:O equivalent)... ........... 18,311 15.3 12.8 
S Loc mtr a 8 144, 555 30.6 2.8 
Sulfur, elemental.thousand long tons.. 19,655 48.6 9.1 
MINERAL ENERGY RESOURCES 
Crude petroleum... thousand barrels... 15,220,221 22.1 3.4 
Natural gas million cubic feet. 33,999,154 60.9 2.0 
Bituminous coal and lign ite 3,171,390 17.7 3.4 
Anthraeite _---------------------- 96,281 Ris. Sasso es 
r Revised. NA Not available. P Preliminary. 


1 Less than 1⁄ unit. 

2 World total exclusive of U.S.S.R. 
3 Including Puerto Rico. 

4 Year ended June 30 of year stated. 
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Table 62.—Value of world export trade in major mineral commodity groups 


(Million U.S. dollars) 


Commodity group ! 1964 1965 1966 1967 1968 

Metals: 
All ores concentrates and scrap.......... 4,370 4,580 r 4,770 5,050 5,580 
Iron and steel 8,640 9,700 9,670 10,330 11,410 
Nonferrous metals 5,630 6,690 8,020 8,030 9,480 
Subtotal: u. u. u 2 2 u er RENTE 18,640 20,970 22,460 23 , 410 26,470 
Nonmetals (crude only)) 1,530 1,760 1,900 2,010 2,120 
Mineral fuels. ` 22222 2 2222 L Lc 2l. -l- 17,010 17,920 18,890 20,660 22 950 
Total carlo az Za mk usni suyus $7,180 40,650 43,250 46,080 51,540 
All commodities- 222 22-222. 172,160 186,390 203,400  7214,190 238,680 

r Revised. 


Data presented are for selected major commodity groups of the Standard International Trade Classifica- 
tion — Revised (SIT C-R) and as such exclude some mineral commodities classified in that data array together 
with other (nonmineral) commodities. SIT C-R categories included are as follows: ores, concentrates and scrap— 
SITC Division 28; iron and steel—SITC Division 67; nonferrous metals—SITC Division 68; nonmetals (crude 
only)—SITC Division 27; Mineral fuels—SIT C Section 3. Major items not included are: the metals, metalloids 
and metal oxides of SITC Group 513; mineral tar and crude chemicals from coal, petroleum and natural gas of 
SITC Division 52; manufactured fertilizers of SITC Division 56; and nonmetallic mineral manufactures of 
SITC Groups 661, 662, 663 and 667. 


Table 63.—Mineral commodity export price indexes 


(1963 =100) 
Year and quarter Metal ores Fuels All crude 
minerals 
JVVWVWVWWwwm m ⁵³ð EA AE 109 101 103 
LOGS so ccs t HC r108 100 102 
1969: 
First UE EE 112 101 103 
Second gun r 117 100 104 
Tord guarter senora up td 8 113 100 103 
Fürther s dte Re 116 101 104 
Annual ; ꝛ˙²˙i) ² A sue nd 114 100 104 
r Revised. 
Source: United Nations. Monthly Bulletin of Statistics. New York, June 1970, p. 19. 
Table 64.—Analysis of export price indexes 
(1963 =100) 
Developed areas Less developed areas 
Year and quarter — —— C ——— . F £U 
Total Nonferrous Total Nonferrous 
minerals base minerals base 
metals metals 
J ⁰Ü.¹̃ Z—ꝛ—- kk K E E 105 135 102 156 
)J).öůĩõĩ ³ĩVͤ0O . x bee 104 142 102 165 
1969: 
First gutem bene p E 106 148 102 169 
Second quarter___________ Remi pn 8 106 155 103 182 
Third qUAPUOr: 2s T Lu EU IRE ee 106 163 102 195 
Fourth quarterrr „ 109 169 103 203 
Annual average. ⁵ ò Vi ðͤ K ĩ 107 158 103 187 


Source: United Nations. Monthly Builetin of Statisties. New York, June 1970, p. 19. 


Technol 


ogic Trends 


in the Mineral Industries 
(Metals and Nonmetals 
Except Fuels) 


By John L. Morning 


A banner year was enjoyed by the min- 
ing industry as value of metals and non- 
metals reached $8.96 billion. To accom- 
plish this, nearly 4 billion tons of material 
was handled, including 2.6 billion tons of 
crude ore. 


In the battle for lower unit costs, wheel 
tractor scrapers have found wider appli- 
cation owing to improved design, which 
has added versatility and increased produc- 
tion capability of these units.2 


The development of larger size front-end 
loaders during the past 10 years has result- 
ed in a change in their use from strictly 
stockpile loading to competition with elec- 
tric shovels for primary pit loading 
applications.3 Also, during the past 10 
years there has been an improvement in 
the cost performance of off-highway haul- 
age trucks with the increase in truck size 
from 22- to 40-ton capacity in 1960 to the 
present-day 85 to 120 tons and larger.* 


A comparison of various construction 
and mining earth-moving equipment made 
by various manufacturers was published.5 
Tractor shovels ranged to 22-ton carrying 
capacity; self-propelled scrapers to 72 tons; 
and off-highway haulers to 200-ton maxi- 
mum carrying capacity. 

Surveys were conducted by the Engineer- 
ing and Mining Journal on the use of 
trucks in the metal and nonmetal mining 
industries. According to one study, an esti- 
mated 8,930 off-highway trucks were in use 
in the United States in 1968. Over 67 per- 
cent of the trucks in use were over 30-ton 
capacity; 28 percent were over 70-ton capac- 
ity. The great majority were equipped with 
automatic transmissions and power steering. 
Vehicle availability averaged 82 percent 


and operating costs averaged $15.64 per 
hour. The survey indicated continued min- 
ing industry expansion and forecasts major 
growth in truck haulage, and increasing 
use of over 100-ton units. 


According to the second survey, over 
30,000 on-highway trucks were in use at 
domestic metal and nonmetal mines in 
1968. More than half of these trucks were 
pickup or panel types, and over 60 percent 
had a gross weight of over 10,000 pounds. 
In contrast to off-highway trucks, compara- 
tively few on-highway trucks were equiped 
with automatic transmissions and power 
steering. Operating costs averaged $5.39 per 
hour. The survey indicated that the use of 
this type vehicle will grow at the same 
rate as the mining industry. 


Big hole drilling continued to hold the 
interest of miners, contractors, and manu- 
facturers as the Second Symposium on 
Rapid Excavation was held late in the 
year. It was indicated that raise boring as 
a method for creating mine openings has 
accounted for 90,000 to 100,000 feet of big 


1 Physical scientist, Division of Ferrous Metals. 
2 Fites, Donald V. Tractor Scrapers Break New 
Ground. Min: Eng., v. 21, No. 5, May 1969, 


. A. Trends In Front End Loaders. 
I „ V. 55, No. 5, May 1969, pp. 58-60. 

4 Halls, J. L., and R. 'E. Bu ckley. Open-pit 
Mining. Min. Ann. Rev., 1970 ed. (London), 
June 1970, pp. 149-165. 

5 Construction CERT and Equipment. Specs. 
For Your Files 1969. V. 51, No. 11, November 
1969, pp. CMI-CM34. "` 

ê Engineering and Mining Journal. E&MJ Sur- 
vey of On-Highway Trucks in the U.S. Metal and 
Nonmetallic Mining Industry. 1969, 19 pp. 

Engineering and Mining Journal EM] Sur- 
vey of Off. Highway Trucks in the Metal and 
Nonmetallic Mining Industry. 1969, 20 pp. 

7T World Mining. Big Hole Drilling, Progress and 
Costs. V. 6, No. 1, January 1970, pp. 28-31. 
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hole raises in all parts of the world to 
date. Canada heads the list of raise drill- 
ing machines in operation with 16 and the 
United States was next with 12. The 
worldwide total was 51. 

The International Nickel Co. Inc., a 
pioneer in bore hole raising, reported a 
40-percent decline in mining costs and a 
60-percent increase in mining rate.? 

Mining minerals from the ocean contin- 
ued to interest many individuals and con- 
cerns. At the First Annual Offshore Tech- 


nology Conference, sponsored by nine pro- . 


fessional technological socities, a prototype 
underwater mining system suitable for com- 
mercial exploitation of sea resources was 
described. 

Surface mines continued to account for 
95 percent of total material handled and 
94 percent of the crude ore produced. Un- 
derground mining was responsible for sub- 
stantial percentage of crude ore production 
in five States; 19 States reported no under- 
ground activity. 

Lower ratios for crude ore to marketable 
product were the trend compared with 
1968, but were generally higher than those 
in 1964. Ratios for material handled to 
marketable product for various mineral 
commodities were generally slightly higher 
than in 1968, but large-volume commodi- 
ties were substantially higher. 

Exploration and development activities 
continued to accelerate owing primarily to 
increased activities at copper, lead, and 
uranium properties. Stripping operations 
for copper in Arizona accounted for 35 
percent of total material handled by ex- 
ploration and development activities. Ari- 
zona also reported over 500 million tons of 
material handled. This is the first time 
that any State reported reaching this mile- 
stone. 

In 1968 the use of ammonium nitrate 
blasting agents continued to increase, 
whereas the use of permissible explosives 
continued to decline. The industrial con- 
sumption of explosives in 1968 was 2 per- 
cent higher than in 1967, but was lower 
than the record year of 1966. 

Material Handled.—Total material han- 
dled at metal and nonmetal mines and 
quarries in the United States, approached 
4 billion tons during 1969. The quantity 
of material handled during the past 10 
years has increased at an average annual 
rate of 3.6 percent. A significant portion of 
this increase was in waste material handled 


at surface mines which indicated an in- 
crease of 5.9 percent annually; crude ore 
production increased 2.5 percent. 

Waste material accounted for one-third 
of the yearly total of material handled ow- 
ing primarily to stripping activities in the 
copper industry. For metal operations, cop- 
per mines led in waste and total material 
handled, and iron mines led in crude ore 
production. The States of Arizona and 
Florida continued to be the leaders in ma- 
terial handled as they have been since 
1965. The quantity of material handled in 
Arizona, Nevada, and New Mexico was 
more than twice as much as the quantity 
in 1960. Mineral commodities that indicat- 
ed a significant gain in material handled, 
compared with 1968, were copper, mangan- 
iferous ore, molybdenum, uranium, and 
sand and gravel. Total material handled 
decreased for placer gold ard dimension 
stone. 

Surface mines accounted for 95 percent 
of total material handled during the year; 
the same as in 1964. However, the quantity 
of material handled at surface metal mines 
increased to 93 percent compared with 90 
percent in 1964. 

Magnitude of the Mining Industry.—In 
1969, the number of mines reporting crude 
ore production to the Bureau of Mines to- 
taled 1,831. In addition, there were 1,423 
clay mines, 4,704 crushed and broken stone 
operations, and 638 dimension stone mines 
in operation. The 1969 grand total was 
8,596 mines, compared with 8,555 mines in 
1968; both years exclude sand and gravel 
operations. Reporting metal mines de- 
creased by 258 mines, of which 50 percent 
were uranium operations. Nonmetal re- 
porting mines increased by 43 and were 
spread over a number of mineral commod- 
ities. 

Three iron mines joined the list of those 
mines producing over 10 million tons of 
crude ore, but two phosphate rock mines 
dropped. from this category. The Utah 
copper mine of Kennecott Copper Corp. 
was the meta] mine leader in both output 
of ore and of total material handled, 
whereas the Noralyn mine of International 
Minerals and Chemicals Co. was the leader 
of nonmetal mines in both categories. 


8 Scott, James J. Underground Mining. Min. 
Cong. J., v. 56, No. 2, February 1970, pp. 35—41. 
? Flipe, John E. An Engineering Approach to 
Ocean Mining. Paper Number OTC 1035, Off- 
Ts Technology Conference, May 18-21, 1969, 
pp. 
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Comparison of Production From Surface 
and Underground Mines.—Surface mining 
accounted for 94 percent of the total crude 
ore production and 95 percent of the total 
material handled. Although the percent- 
ages remained the same as in 1968, some 
minor shifting occurred for the various 
mineral commodities. Five metal commodi- 
ties, registered an increase, but four regis- 
tered a decrease for surface crude ore out- 
put. For nonmetal commodities, five in- 
dicated an increase, but four decreased in 
crude ore output. 

Crude ore production at surface metal 
mines was more than five times higher 
than at underground mines; total material 
handled at surafce mines was 14 times 
higher than at underground mines. Of the 
nearly 2.5 million tons of material handled 
at nonmetal mines, only 82,000 tons were 
from underground operations. 

Underground mining accounted for sub- 
stantial percentage of crude ore handled in 
five States: Colorado, 43 percent; New Mex- 
ico, 40 percent; Missouri, 29 percent; Wyo- 
ming, 24 percent; and Kentucky, 23 per- 
cent. Nineteen States reported no under- 
ground activity. 

Ratio of Ore to Marketable Product.— 
The trend for most mineral commodities 
for the year was toward lower ratios of ore 
to marketable product compared with 
1968, but ratios were generally higher than 
for 1964. At surface metal mines the ratios 
were mixed compared with 1968, with 
about equal distribution of gains and loss- 
es. Of the large-volume commodities, cop- 
per registered an increased ratio, and iron 
ore indicated a reduced ratio. In general, 
surface nonmetal mines indicated smaller 
ratios compared with 1968 with only feld- 
spar and vermiculite registering increased 
ratios. 

Ratios of material handled to marketa- 
ble product for various mineral commodi- 
ties indicated increased ratios for nearly 
one-half of the listed commodities com- 
pared with 1968. Copper continued to have 
the highest ratio as stripping continued to 
develop new properties and expand other 
operations. Compared with 1964, the ratio 
increased 53 percent for copper, 25 percent 
for iron, and 35 percent for phosphate 
rock, and marketable units increased 28 
percent, 6 percent, and 47 percent, respec- 
tively. 

Most metal commodities indicated an in- 
crease in average value per ton compared 


with 1968 with only mercury and urahium 
showing a decrease in value. Of the 27 list- 
ed nonmetal commodities, 16 indicated in- 
creased values, compared with the previous 
year. Total average value of metal com- 
modities rose to $6.15 from $5.61 in 1968. 
Total average value data for nonmetal 
commodities are not comparable with 
previous published data. 


Exploration and Development.—The up- 
ward trend in exploration and develop- 
ment accelerated in 1969 and totaled 
31.7 million feet, compared with 25 million 
feet in 1968. The data, however, is not 
comparable because clay and stone mines 
were not included in the 1969 total. Explo- 
ration and development work for clay and 
stone mines totaled 1.5 million feet in 
1966, 1.6 million feet in 1967, and 1.2 mil- 
lion feet in 1968. For metals, a significant 
increased activity was noted for copper, 
iron, and uranium mines. Rotary drilling 
accounted for most of the gain at copper 
and uranium mines, whereas percussion 
drilling was largely responsible for the in- 
crease at iron mines. 

Arizona, Colorado, Idaho, New Mexico, 
Texas, Utah, and Wyoming accounted for 
86 percent of total footage of exploration 
and development and were also the only 
States reporting over 1 million feet. This 
compares with 1968 when five States re- 
ported over 1 million feet each. Rotary 
drilling accounted for 76 percent of the to- 
tal activity, and all categories, except 
trenching and diamond drilling, registered 
increased footage. 


Stripping operations for copper in Arizo- 
na accounted for 35 percent of total mate- 
rial produced by exploration and develop- 
ment activities. The total tonnage pro- 
duced increased 28 percent compared with 
1968. 


Increased mining activity in Arizona re- 
sulted in the total material handled ex- 
ceeding 500 million tons of for the first 
time. Montana and Wyoming joined the 
list of States reporting over 100 million 
tons; New York and Pennsylvania dropped 
from the list. 


Explosives.—Explosive statistics for the 
year of review are released too late for in- 
corporation in this chapter. For 1968, 1,948: 
million pounds of industrial explosives 
were reported consumed in the United 
States. This total was 2 percent higher 
compared with 1967, but was slightly lower 
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than the record high of 1,970 million 
pounds in 1966. The coal mining industry 
used 35 percent of the total, metal mines 
used 21 percent, and quarrying and 
nonmetal mines, 20 percent. This is in con- 
trast to 1963, when coal mining accounted 
for 35 perccent, metal mining, 17 percent, 
and quarrying and nonmetal mining, 22 
percent of the industrial consumption. 

The use of ammonium nitrate blasting 
agents continued to increase, whereas the 
use of permissible explosives continued to 
decline. There was no reported use of 
liquid oxygen explosives during 1968. 

The five top ranking States in order of 
total quantity of explosives and blasting 
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agents consumed were as follows: Pennsyl- 
vania, Kentucky, Ohio, Arizona, and IIli- 
nois. This was in contrast to 1963 when 
the ranking order was Pennsylvania, Ohio, 
Kentucky, Illinois, and Minnesota. In 1968, 
the explosive consumption of the ranking 
States totaled 751 million pounds, or 39 
percent of industrial explosives and blast- 
ing agents used in the United States. In 
1963 the ranking States used 545 million 
pounds or 37 percent of all industrial ex- 
plosives consumed. 

More detailed explosive information is 
published by the Bureau of Mines in the 
Annual Explosive issue of Mineral Industry 
Surveys prepared by Andris Viksne. 
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Table 4.—Crude ore and total material handled at surface and underground mines, 
by commodities, in 1969 


(Percent) 
Crudeore Total material Crude ore Total material 
Sur- Under- Sur- Under- Sur- Under- Sur- Under- 
face ground face ground face ground face ground 
COMMODITY 
METALS NONMETALS—Continued 
Bauxite. .........- 94 6 97 8 Diatomite. ........ 20 97 8 
Beryllium. ........ 99 1 100 Ssk Feldspar.........- 100 MM 100 zo 
Copper 88 12 97 Fluorsp ar 9 91 18 82 
Gold: Graphite 100 = 100 eut 
Lode.......... 43 57 81 19 Gyps um 77 28 89 11 
Placer......... 100 m 100 A: Kyanite...........- 100 Tu 100 M 
Iron ore 94 6 96 Lithium minerals... 100 ie 100 Geh 
Lead 222 ncs 100 CH 100 Magnes ite 100 ton 100 M 
Manganese ore RN 100  .... 100 Marl, greensand.... 100 NE 100 CM 
ercury.........- 55 45 78 22 Mica: ke 100 CE 100 Lc 
Molybdenum. ..... 25 75 72 28 Olivine...........- 100 Gg 100 Gad 
Nickel 100 Eee 100 t Perlite 100 Se 100 eua 
Rare-earth metals Phosphate rock. ... 100 Ces 100 du 
and thorium. ..... 100 Caa 100 zt Potassium salts... ... 100 e ein 100 
Silver 4 96 18 82 Pu mice 100 ns 100 Qu. 
Titanium: Ilmenite. 100 DUM 100 desc Sf dp A s. 78 26 74 
Tungsten 6 94 6 94 Sand and gravel.... 100 "e 100 Sé 
Uranium 34 66 95 5 Sodium carbonate 
TTT ee eds 4 96 10 90 (natural) La 100 Mm 100 
Stone: 
Total metals. 84 16 93 7 Crushed and 
broken 95 5 95 5 
NON METALS Dimension 98 2 98 2 
Abrasives Sulfur: Frasch 
mery.......- 100 ER 100 = process mines____ 100 tes 100 oo 
Garnet 100 eae 100 das Talc, soapstone and 
Tripoli.......- 44 56 55 45 pyrophyllite 52 48 77 28 
bestos 99 1 99 1 Vermiculite 100 x 100 de 
Barite............. 98 2 99 1 Wollastonite. ...... 2 98 2 98 
Boron minerals 100 SE 100 TER 
Clay 98 2 98 2 Total 


nonmetals. 96 4 97 3 
Grand total.. 94 6 95 
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Table 5.—Crude ore and total material handled at surface and underground mines, 
by States, in 1969 


(Percent) 
Crude ore Total material Crude ore Total material 
Sur- Under- Sur- Under- Sur- Under- Sur-  Under- 
face ground face ground face ground face ground 
STATE 

Alabama 94 6 96 4 Nebraska ° 10o0— 100 
Alaska 100 san’ 100 ae Nevada. 9 9 1 
Arizona 89 11 97 3 New Hamsphire.... 100 ns 100 TT 
ee 96 4 96 4 New Jersey........ 100 es 100 EM 
California 99 1 99 1 New Mexico. ...... 60 40 88 12 
Colorado 57 48 55 45 New York........- 94 6 94 6 
Connecticut 100 Sa 100 MEN North Carolina 100 TN 100 BN 
Delaware 100 SUN 100 non Nort akota..... 00 =o 100 GEN 

Florida 100 c 100 xe Gio 8 95 
Georgia 98 2 98 2 Oklahoma 95 5 96 4 
Hawaii. 100 BEN 100 ian Oregon 100 M 100 KCN 
Idaho, 84 16 91 9 Pennsylvania 92 8 90 10 
Illinois 98 2 98 2 Rhode Island 100 uc 100 E 
Indiana. 98 2 98 2 South Carolina 100 NOR 100 NA 
Iowa... . c suus 97 8 98 2 South Dakota 88 12 88 12 
. 1 9 76 24 Tennessee 2 18 82 18 
Kentucky 77 23 77 23 Texas 100 BE 100 m 
Louisiana 85 15 85 15 Uta 96 98 2 
Maine 100 o 100 ndr Vermont 97 3 97 3 

Maryland 100 MO 100 S Virginia 94 6 93 
assachusetts. 100 SES 100 me" Washington 99 1 99 1 
Michigan 0 10 91 West Virginia 88 12 88 12 
inneso ta 100 BS 100 T isconsin.. ....... 9 1 99 1 
Mississippi........ 100 m 100 n Wyoming 76 24 95 5 

issouri_________- 71 29 71 

Montana 98 2 99 1 Total 94 6 95 5 
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Table 6.—Number of domestic metal and monmetal mines in 1969, by commodity 
and magnitude of crude ore production 


Total Less than 1,000 to 10,000 100, 000 1,000,000 More than 


Commodity number 1,000 10,000 to to to 10,000,000 
of mines tons tons 100,000 1,000,000 10,000,000 tons 
tons tons tons 
METALS 

Bauxite. EE D DEE 5 2 883 
Beryllium. mn 10 Bees 1 Lie eases. xii. 
Ge Ge 777 y ĩ A TEA 123 58 15 16 19 7 

Gold: 
/ 3522: aeos i 72 63 4 1 2 "SERES 
Pla cer 80 44 18 11 A 
Fon 8 90 3 11 31 31 5 
J))!!! 8 102 75 9 4 1 SÉ a 
Manganese or L EEN I esso aia aoe 
JJ y EES 90 57 20 I8... See 
Molybdenüum...is-wanssecomewuexm. —— (SB! gd uude enema 2 1 
VOR. EE 135 102 27 4 %%% A Becca 
Titanium: Ilmenite................ 66 1 B. les. 
ung sten 88 83 8 JJ CC ˙ Es 
e ht BEER 270 71 68 40 EE 
YAY EE Ee 88 16 6 42 J» 8 
Other ENEE 16 8 1 1 4 a os 
Total metals 1,136 589 175 150 193 66 13 

NONMETALS 

Abrasives i 20 7 4 ff onanan 
Asbestos. _._..-.... ~~... (pn 1 8 2 123 
Brie . l... 47 9 19 15 1 A 
Boron minerals 8 J)) ⁵mʒ 8 22 
Diatomite __-. 11 2 2 3 JFF 
MOldSOG Pies ote et ee 52 22 16 7 „CCF 
FKlUOPBDAP.. 22.22-92.00 19 7 6 3 FFC 
/ AAA . ... .-...-.-.-.-.- 77 4 10 25 dB. eases 8 
K yanit- EE EE «h) ESS 
Marl, greensand__.._._........_... 2 1 | so rM oe ee 
Mica: Flake 24 9 6 6 Q 
Olivin8.- Se cen AAA yy ĩ — 8 2 /7)/))!õöüũũ 8 
Perlite._ 8 19 6 6 5 CHEN 
Phosphate roch 55 8 8 7 22 16 4 
Potassium salts_____ ))) ĩoÄ¹ Miu. 1 8 
( ³o»Wwr ce 8 168 28 46 68 23..ö 8 
polls M UR edm 8 56 2 8 14 26 S 
Sodium carbonate (natural)......... EE 1 8 
Sulfur: Frasch- process mines 7A wees costes. 5 13 W 
Tale, EE and pyrophyllite____ 70 16 28 25 | mcr 
Vermiculite 6 833 2 1 3 
Wollastonite u EE prc 1 JJ... 8 
theph. ³ĩ¹ß?ꝛr T lenem iei 12 2 1 1 7 E 
Total non metals * 695 121 153 200 176 41 4 
Grand total................- 1,831 660 328 350 869 107 17 


1 Antimony, magnesium, manganiferous ore, nickel, rare-earth metals, tin, and vanadium. 

2 Emery, garnet, and tripoli. 

3 Aplite, graphite, lithium minerals, magnesite, and pyrites 

4In addition, there were 1,423 clay mines, 4,704 crushed and broken stone, and 688 dimension stone 
operations. 
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Table 7.—Twenty-five leading metal and nonmetel 1 mines in the United States 


in 1969, in order of output of crude ore 


f Minin 
Mine State Operator Commodity metho 
METALS 
Utah Copper Utah........ Kennecott Copper Corp Copper . Open pit 
Peter Mitchell NOM Minn....... Reserve Mining Co......... Iron ore.........- Do. 
Hoyt Lake Re, TS Pickands Mather & Co...... ..... do... on Do. 
Monta 5 . United States Steel Cor 0 86 Do. 
Moren ci Ariz........ Phelps Dodge Cord Copper...........- Do. 
Berkeley pit. Mont The Anaconda Company.... ..... 0 ET Do. 
San Manuel. Ans Magma Coppa CG do: omn Caving. 
Puma ` doo Pima Mining Co V JEE Open pit 
Climax...........- Colo American etal Climax, Molybdenum aving. 
ne 
Eagle Mountain . Cat Kaiser Steel Cord Iron ore Open pit. 
Ray Pit___.......- Ariz.......- Kennecott Copper Corp MENS Copper------------ Do. 
Empire Mich....... Cleveland Cliffs Iron Co..... Iron ore Do. 
New Cornelia Ari Phelps Dodge Corp Copper Do. 
Inspiration DEET GE Ins pipes Consolidated .  ..... s lo ENE EE Do. 
opper Co. 
Yerington. ........ Nev.......- The Anaconda Company.... ..... 0 os Do. 
Butler Minn Hanna Mining Coo Iron ore Do. 
Republic. ......... Mich....... Cleveland Cliffs Iron Co a Co — Do. 
White Pine scd sii cc White Pine Copper Co Copper Open stopes 
Tripp- Veteran Nev.......- Kennecott Copper Corp..... ..... do. onc Open pit 
Chino N. Mer . dO. e a eie E. pain do: 8 Do. 
Mission Ans The American Smelting andi 800 ee Do. 
: b Refining Company. 
Trail Ridge Fla_ 053 E. ide ae Pont de Nemours Ilmen ite Dredging 
o c. 
Highland o T Ll 71 ae l D a o s css Do. 
Mineral Park. ` Ariz........ Duval Corp...............- Copper Open pit 
Groveland Mich. ...... Hanna Mining Co Iron ore Do. 
NONMETALS 
Noralyn........... yr ENS International Minerals & Phosphate rock.. Do. 
Chemical Co. 
Kingsford aud recogidos. aia %%; LEM D Ze 4908 Do. 
Su wanne DR, GE Occidental Chemical Co... (O. S 252 Do. 
Ft. Meade zc dd. sos Mobil Chemical Co......... . do. ono Do. 
Payne Creek -- do... . Agrico Chemical Co........ ..... 488 Z Do. 
Rockland -..do....... U.S. S. Agri-Chemicals Inc... ..... dol... 8 Do. 
Chicora- .........- 3 American Cyanamid Co. 4800 ——ñ“ẽx Do. 
Silver City DS d GE 0585 Agricultural Chemicals  ..... do. liccc Do. 
Lee Creek. ........ N. om s. 2 Texas Gulf Sulphur Co...... ..... 88 Dredging. 
Saddle Creek. ..... Klo Agrico Chemical Co........ . EE Open pit. 
Palmetto ET 5 22x do. ůœ ne SS FORME r (c ca dn Do. 
Tenoroc..........- 20-00. ose to Borden Chemical Co........ ..... 410909 Do. 
Watson e E e Chemicals  ..... doc. 86 Do. 
Bartow...........- E, GEN U.S. S. Ze Ine do Do. 
Sydney Ee BEE, EE American Cyanamid Coo 9 Do. 
enc or e U. S. Phosphorie Products Co do: Do. 
Bonny Lake --.do......- W. R. Grace & co ....- dose ema Do. 
Shafts Ill. N. Mex..... Southwest Potash Co. Potassium salts. ... Open stopes. 
Retsof NY International Salt Co Salt Do. 
Clear Spring Ela International Minerals & Phosphate rock. ... Open pit. 
M aun Co. 
International NM. 2222200. eevee suse Potassium salts. ... Open stopes. 
Boron Calif. United States Borax & Boron minerals. Open pit. 
Chemical Co. 
N. Mex Potash Co. of America. ..... Potassium salts. ... Open stopes 
d Kerr-McGee Cord 8 C Do. 
Gay... ----------- Idaho....... J. R. Simplot Coo Phosphate rock. ... Open pit. 


1 Clay, sand and gravel, stone, brines, and materials from wells, etc. excepted. 
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Table 8.—Twenty-five leading metal and nonmetal 1 mines in the United States 


in 1969, in order of output of total materials handled 


Mines State Operator Commodity 
METALS 
Utah Copper 3 Utah.......- Kennecott Copper Corp Copper 
Berkeley Pit Montt The Anaconda Company.... ..... 4e 8 
Sierritaa Ariz.......- Duval Sierrita Cor do. cz 
Twin Buttes -. do... . The Anaconda Company.... ..... C 
Morenci........... 22 ds ceris Phelps Dodge Corp doc cetero 
Ds FF ee: |) eee Pima Mining Co .. 488 
Tyrone N. Mex..... Phelps Dodge Cord A ud 
Peter Mitchell E Minn....... Reserve Mining Coo Iron ore 
Eagle Mountain.... Cali Kaiser Steel Cord do 5 
Hoyt Lake Minn Pickands Mather SY /§ö‚˖ ·w²² 11. 22 
Questa N. Me Molybdenum Corp. of Mord: BRNO: 
America. 
Ray FI Ar iz Kennecott Copper Corp Copper 
Mintac...........- Minn....... United States Steel Corp.... Iron ore 
Chino__.. . . eege N. Mer ` Kennecott Copper Cor rp non. Copper...........- 
Mission Ariz........ American Smelting and dell do 
Refining Co. 
Lavender Pit. d Phelps Dodge Corp FFC dO. occi 
New Cornelia...... CC e e MON SAPIN eee lee do: lac 
Shirley W yo Utah Construction & Uranium 
Mining Co. 
Inspiration Ari zz Inspiration Consolidation Copper 
opper Co. 
Dave Pit Wo Petrotomics Co... Uranium 
Lucky Mee ---d0--- Utah Construction KK - C6 sns 
Mining Co. : 
Eeer Ne Kennecott Copper Corp Copper 
Tripp-Veteran..... BEN. EMINET 9e%•i 8 (O... S... S.S S 
Yerington......... E essc The Anaconda Company.... ..... 0 REPENT 
Sherman Minn United States Steel Corp.... Iron ore 
NONMETALS 
Noralyn n N International Minerals & Phosphate rock 
Chemicals Co. 
Kingsford FC hédæ A ei e dans GGG EN EEE 
Su wanne de Occidental Chemical Co..... ..... 48 . . eee 
Meade e Mobil Chemical Co......... _ do. uncus 
Payne Creek........ e Agrico Chemical Co........ ..... 4e 8 
Silver City. ....... . dus Agricultural Chemicals do... .- . 
Lee Creek N. o Texas Gulf Sulphur Co. 8 uoi 
Rockland Kla......... U.S. S. Agric-Chemicals Ine. E, ss 
Chicor aa e American Cyanamid Coo (O EE 
Tenoroc___ SE EENEG Borden Chemical Co........ . 99993 
Bonny Lake Si ZOO sees um W. R. Grace Co _ Co e GE 
Saddle Creek LosdO6.5oc un Agrico Chemical Co........ ..... do 
Boron Cali United States Borax & Boron minerals 
Chemical Co. 
Sydney Fla American Cyanamid Co EE rock 
Tenor OE s a U.S. Phosphoric Products Co. doo 
Bartow...........- ET DE U.S.S. Agric-Chemicals Inc.. ..... do 3 
Watson P Swift Agricultural Chemicals WP 
! orp. 
Palmetto _. do... Agrico Chemical Co... 488 — 
GGG EE Idaho....... J. R. Simplot Coo A 
Clear Spring N International Minerals K 4888 EENE 
Chemical Co. 
Lompoc........... Calif........ Johns Manville Products Diatomite 
Libby............- Mont W. R. Grace & co Vermiculite 
Shafts III. N. Mex..... Southwest Potash Coo otassium salts. ... 
Retso ff N International Salt Co. ...... Salt ˙» uan 
Fort Dodge Iowa United States Gypsum Co... Gyps um 


1 Clay, sand and gravel, stone, brines, and materials from wells, etc. excepted. 


Minin 
metho 


Do. 
Open stopes. 
Do. 


Open pit. 
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Table 9.—Kind of surface mining operation, by commodities and States, in 1969 


(Percent of crude ore) 


Strip and Mul- Strip and Mul- 
single tiple single tiple 
bench bench bench bench 

COMMODITY 
METALS NONMETALS— Continued 

Baule 65 35 Diatom ite Jes 100 
885 OR C oec su dt Er. 13 87 Feldspar.....................- 69 81 
Gold: L ode 35 65 Fluorspar..........-.- ——— 56 
Iron ore ----- 13 87 Gp lll eres r 89 11 
Qoi, e 47 53 p ue 100 
Nel!!! 8 P 100 Lithium minerals. 100 
h metals and thorium... ... 100 Marl, greensand................ 100 eu 
Uranium BUNTEN Ep 8 1 59 Mica: Flake 100 Nem 
KARTEN 2 98 Olivine- -2-a 100 "n 
NONMETALS Perlite... Eeer 99 1 
Abrasives: Phosphate rock... 97 8 
Emery..................-- 100 ute ere . 99 1 
CVVT 3 97 i eO u s ass o 100 E 
!!!. ne oe erre 100 Se Sand and grave. 100 ds 

, 222- 76 24 ne: 
bes JJ YER 33 67 Crushed and broken 100 S 
r euria ornen 86 14 Dimension................- 100 rne 
Boron minerals xr 100 Tale, soapstone, and pyrophyllite. 45 55 
ET, ul l L. L O TOL 100 des Vermiculite 17 83 

Strip and Mul- Strip and Mul- 
single tiple single tiple 
bench bench bench bench 

STATE 

Alabama 9 1 Montang -------------- 24 76 
Alaska... —-V—00 ↄ A 100 EN Nebraska ai 100 Mna 
ArizonnaKaeꝛ 25 75 Nevada.. 19 81 
Arkansass ss 91 9 New Hampshire 100 EP 
California 69 31 New Jersey 100 m 
Colorado 100 M New Mexico 87 68 
Connecticulnt 100 EROS New Lokk 87 18 
Delaware 100 M North Carolina................. 96 4 
Florida.................-.-.-.- 100 M" North Dakota... ...........--- 100 — 
Gert RARE 100 s AU, EEN 100 dc 
Hawaii... . emere 100 ES Oklahoma. .............-....-- 100 Ne 
Idaho... . ĩðͤ u ses 64 86 Oregeon n 95 5 
Illinois 100 M Pennsylvania 100 == 
Indiana...................---- 100 DER Rhode Island. ` 100 8 
%J%%—ͤũ̃ ʃuů ... 8 100 NN South Carolina ----.-------- 2 
Kann cee cece dee ee 100 m South Dakota..............-.-.- 100 ed 
Kentuckyů 9 100 dus enness eee S 

uis ana 100 DS? TOROS WEE 99 1 
I/; . 90 10 !! . us ae 19 81 
Maryland 100 sie Vermont... ooo eene 100 geen 
Massachusetts 100 EN Virginia. EEN 99 1 
Michigan 78 27 Washington 98 2 
Minneeota ..--------------- 22 78 West Virginia 100 s 
Mississippi. .............--..-- 100 " Wisconsin 100 ate 
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Table 12.—Mining methods used in open-pit mining, by commodities, in 1969 


(Percent) 


78 
Total material 
handled 
Preceded Not 
Commodity by drill- preceded 
ing and by drill- 
blasting ing and 
blasting 
METALS 
Bauxit 91 8 
Berviltum -------------- See 100 
Co pet JJͤͤ 8 92 8 
Gold: 
L ode 96 4 
Pacer "m 100 
Iron ore 83 17 
"s EES * 72 28 
Mercury... 40 60 
Molybdenum. mem 100 v 
Nickel 81 69 
Platinum-group metals BS? 100 
Rare-earth metals 100 uc 
Silver 26 74 
Titanium: Concentrate — 23 77 
Uranium 9 91 
/ TN ĩ˙˖i ee an S 89 11 
NONMETALS 
Abrasive stone 10 90 
Aplite__....__.. SL LL Llc cssc 24 76 
Asbestos MMMM 91 9 
Brite Date 15 85 
Clays 22 oc es eee ewe ee = 100 


Total material 
handled 


Preceded Not 


Commodity by drill- preceded 
ing and by drill- 
blasting ing and 

blasting 
NONMETALS-—Continued 
Diatom ite Aun 100 
Emery... —2:2:222292252k 100 NOR 
Feldspat 68 32 
Fluorspp ar- 78 27 
Graphite 98 2 
uf S.S 94 6 
Kyan ite 94 6 
Lithium minerals 22 78 
Mageneeite --------------- 100 ROM 
Mica: Flake__ ------ 89 17 
Olivine________ ----- 42 58 
Perlite.. _ a 8 52 48 
Phosphate rock. ............. 1 99 
Pum cc 3 97 
Sand and gra vel CON 100 
Stone: 

Crushed and broken 100 
Dimension..............- c 100 

Talc, soapstone and 
pyrophyllite 58 42 
Vermiculite JJC 62 88 
Total o ee 82 68 


Metals Nonmetals Total 
Method Percent Percent Percent 
Feet o Feet o Feet of 
total r total r total = 
1968 
SR and winze sinkin g 22,842 0.1 1,962 0.1 24,804 0.1 
eH TREE A 183,071 .8 8,987 .5 192,008 .8 
Drifting and crosscutting........... 830,816 8.6 80,393 1.7 861,209 8.4 
Diamond drilling.................- 2,422,242 10.4 129, 712 7.2 2,551,954 10.2 
Churn drilling 870,063 1.6 6, .8 76,254 1.5 
Rotary ru MP T HERREN 16,428,468 70.8 1,043,740 58.0 17,472,208 69.9 
Percussion dri ling — Á— pne 2,685,808 11.4 410,042 22.8 8,045,845 12.2 
renching....................-.-. 0,541 .5 11,255 .6 1,796 .5 
EIERE 182,906 8 158 , 758 8.8 841,664 1.4 
! A EE 28,186,752 100.0 1,800,990 100.0 24,987,742 100. 0 
1969 
Shaft and winze sinking ..-------- 23, 708 0.1 2, 469 0.3 26,177 0.1 
V ; 183, 671 .6 11,612 1.2 195,283 .6 
Drifting and crosscutting........... 870,558 2.8 24, 922 2. 8 895,480 2.8 
Diamond drilling 2,155,272 7.0 88,905 9.9 2,244,177 7.1 
Churn drilling 462,689 y E s owasuueactiuis — hee 462,689 1.5 
Rotary drilling 23,442,268 76.1 608 , 978 68.1 24,051,246 75.8 
Percussion drilling 8,435,209 11.1 147,480 16.5 3,582,689 11.3 
Trenching.......................- 101,099 .9 689 .1 101,788 .8 
EE eege 141,181 .5 9,242 1.0 150,423 .5 
Total: usuy c uu aus Bee 80,815,655 100.0 894,297 100.0 81,709,952 100.0 


r Revised for 1968 only. 
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Table 16.—Total material (ore and waste) produced by exploration and development 
| in the United States, by commodities and States, in 1969 


(Thousand short tons) 
Shaft and Drifting 
winze Raising and cross- Trenching Stripping Total 
sinking cutting 
COMMODITIES 
METALS 
Th EEN 222 2, 630 2,659 
Pl Boe ĩ³ð r G 222 2 dL otitl. 506 508 
85 EE 78 98 420 10 871,820 872,416 
old: 
// L ul uu lu Su LOSS 6 81 81 566 47 731 
FFC ²³˙ꝛ1.A%⅛ͤ¶õiQ¹wn. eiue. 1 3 45 
NON: OOS ste eee Beene 42 4558 — 95,249 95,726 
JJ!!! no 1 25 888 109 16 
Mercury.............-.......-- 1 8 84 13 464 520 
Molybdenum. mm 8 1 272227ͤ§;ͥ 8 241 
Silver... 9 17 113 147 145 431 
Tungsten 2 4 46 10 
Uranium.....................- 7 21 606 2 79, 838 80,474 
lo: luu tee 29 27 . ⁰ AA 363 
Other o !!! %r- !. ] x ꝛxd .. Ee 1 2, 869 2, 870 
Total metals 22 141 272 2, 694 858 553, 688 557, 608 
NONMETALS 
Báo loo ³ðViĩĩ ⁵ ͤ ul ss 1 d cuc 308 816 
LAT EE 128 128 
La, EEN 5 WZ? sees 12 2 
GYPSUM Ä Ü˙¹¹ ³⁰ -m ³ A 8 2 S0: eebe 11,029 11,061 
Phosphate rock 9 10 7 192,168 192,189 
Talc, soapstone & pyrophyllite . 15 6 3 „107 ; 
Other, eege 22223 s dee © eee he 1,197 1,198 
Total nonmetals 2 15 23 90 7 205,947 206,082 
Grand total 2422 156 297 2,783 865 759 , 585 768 , 686 
STATE 
Alabami eo lu ee Eege, d n E e euh 100 100 
Alaskg. d . EE 12 12 
Arizona 72 61 308 2 266,308 266,751 
Arkansas... -2-0.0 onan 1 86898 2,788 2,770 
California... 8 15 15 144 28 799 1,001 
Colorado. ...... 7220 1 iiu 20 19 447 7 69 562 
Florida Geet, eet, Am ðñ ` AE 165,618 165,618 
Gorka oe eeu e el Manic d. vy ĩ K 8 61 61 
Idah0:..-2.—:22- sabe 15 80 105 7 10,587 10,744 
Iiir clc lx eee 2 ;; ĩ˙ v 8 
IN E KE d d ³ 5h d . REM d as 3 34 
TO Wis eect ³«ꝶßʒd ð ᷣ d èĩ , dd mm 8 6,218 6,218 
Kansas «ooo ²ůum.ö ee oe es ll uis 14 ilz 195 220 
Kentucky... ..ll.nocuccaucuesoo cuetcumes- dasupxxc . 12 14 
Meint ... . ... bho eas 9 0T uoo sued 14,104 14,210 
Minnesota EEN DEER 86, 734 86,784 
VTT e EE 21 560 S wees 67 
Montang .. . . . . . 1 28 85 40 80,266 80,365 
Nevada l... . . ee 6 2 23 .681 20,005 20,717 
New Jerse --..-...-... MS untocczoc 28 288 
New Mexico 1 27 476 1 58,081 58,586 
New LOr kk 1 15 BB cote cuss, mue irs 1 
North Carolina_____. --------- EH 8 12, 835 12,842 
Pennsylvania...............-.. -------.. 4 p^ DENG 
South Caroling: ee wo Rum. sheets. "dee darme uS 10 10 
South Dakot aaa. 25 5 756 839 
ennes see 2 1311 8 3,062 3, 195 
J)%%%%%%/G‚ö[ö» ³ Ku 8 1 3 2,818 2,818 
Utah l c bbb ias 10 30 154 3 1,529 1,726 
Mermont.:. ²˙ AAA ssec 2 SE 
le ae KEE eens 4 J9 secocasaes 2 41 
Washington 2 9 . 15 
Ml EES 22323 83 110 
Wyoming 1 898 . 70,778 70,819 
Other t- ee uz sus „ . 5, 505 5, 507 
Total... 156 297 2,783 865 759,585 763-, 686 


1 Manganiferous ore, ilmenite, and rare earths. : 

* Data may not add to totals shown because of rounding. 

3 Asbestos, diatomite, graphite, mica, salt, and scrap. : 
* Maine, Oklahoma, and Oregon. 
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Table 17.—U.S. consumption of industrial explosives 


(Thousand pounds) 
Black blasting Blasting 
powder High explosives agents s 
— — Liquid 
Ammonium oxygen Total 
Granular Pellets Permis- Other than nitrate explosives 
sible permissible processed and 
unprocessed 
1904... 451 495 77,406 481,451 1,103,563 2,184 1,665,550 
% ce oL ae. 464 372 76,040 542,318 1,260,107 5,598 1,884,899 
19 88 240 228 74,527 1 538, 968 1.343, 104 13,094 1,970,156 
1987. EE 242 182 68,770 1 587,997 1,287,506 10,017 1,904,714 
9888. 257 170 64,130 585,364 1,347,816 . ..... 1,947,787 
1 Includes blasting agents, rigidly cartridged and water gels and slurries. 
Table 18.—U.S. consumption of explosives in the minerals industry 
(Thousand pounds) 
Quarrying 
Year Coalmining Metal mining and nonmetal Total 
mining 
PERMISSIBLE EXPLOSIVES 
UT fM ß 75,950 117 741 76,808 
EEN 73,564 79 1,520 75,163 
1966:..:-25.2:- ͤ-- y Du e EE 71,091 95 1,957 73,143 
EE 65,284 161 2,238 67, 683 
lt E 60,943 267 1,394 62,604 
OTHER HIGH EXPLOSIVES 
1964 EEN 23,557 119,782 133 , 022 216,361 
e E EE 22,090 123,862 141,050 287 , 002 
19660 ese ese a a a a ie Sasa 19,591 118,900 141,117 279,608 
Ee r 30,942 161,181 146,018 r 938,141 
1968 EE 29,482 195,315 144,663 369,460 
AMMONIUM NITRATE BLASTING AGENTS ! 
1984-. EE 447,145 198,395 227, 290 872, 830 
1///%ͤoᷓ ]]]... y EE 493,571 232, 770 228,284 954,625 
1 Roa caa mx eee 514,549 234, 336 252, 794 1,001,679 
1961 EE E eae AI a 555,303 166,250 261,145 82,698 
KI E 593,741 207,859 251,832 1,053,432 
PELLET BLACK BLASTING POWDER 
1964.2: 09 ß eee TIE gil — uu 48 389 
1965 EE dcs 126. xi 61 187 
LEE IRE Ti. —- ZS GS 25 102 
KEE 82 1 23 56 
J... o- Hoh eel. iue deta. 11 11 
GRANULAR BLACK BLASTING POWDER 
1904. n osse ee oles ³ AAA ⁵ĩͤ 8 108 6 145 259 
KEEN 15 4 120 139 
ENEE 245 ieee | 390 635 
EE 3 3 101 107 
EIERE Gode 3 98 101 
TOTAL EXPLOSIVES 
19644. dint E 8 547,101 318, 300 361,246 1,226,647 
KL EE 589,366 356,715 371,035 1,317,116 
J ĩ˙ d 8 605,553 353, 331 896,283 1,355,167 
11 TRU r 651,564 327, 596 409, 525 r 1, 388, 685 
8.;öÜ ⁵ð⅛·wW y ⁰ʒy E tud 684, 166 3,444 397, 998 1. 485, 608 
r Revised 


' Includes blasting agents, rigidly cartridged and water gels and slurries. 


Statistical Summary 


By Julia Muscal 1 


This summary appears in Minerals Year- 
book volumes I.II, and III, which cover 
mineral production in the United States, 
its island possessions, the Canal Zone, and 
the Commonwealth of Puerto Rico, as well 
as the principal minerals exported from 
and imported into the United States. The 
sections of this chapter and the area chap- 
ters in volume III contain further details 
on production. A summary table compar- 
ing world and U.S mineral production also 
is included. 

Mineral production may be measured 
at any of several stages of extraction and 
processing. The stage of measurement used 
in the chapter is normally what is termed 
"mine output." It usually refers to minerals 
in the form in which they are first extrac- 
ted from the ground, but customarily in- 
cludes for some minerals the product of 


auxiliary processing operations at or near 
mines. 

Because of inadequacies in the statistics 
available, some series deviate from the 
foregoing definition. The quantities of gold, 
silver, copper, lead, zinc, and tin are re- 
corded on a mine basis (as the recoverable 
content of ore sold or treated) . The values 
assigned to these quantities, however, are 
based on the average selling price of re- 
fined metal, not the mine value. Mercury is 
measured as recovered metal and valued at 
the average New York price for metal. 

The weight or volume units shown are 
those customary in the particular industries 
producing the respective commodities. No. 
adjustment has been made in dollar values 
for changes in purchasing power of the 
dollar. 


1 Statistical assistant, Minerals Yearbook. 


Table 1.—Value of mineral production 1 in the United States, by mineral groups 


(Millions) 
Nonmetals 
Year Mineral fuels (except fuels) Metals Total 2 
1966 sedem onELeREEES 14,047 4,933 $2,544 $21,524 
1908... wx menia Su 15 , 088 , ,176 2, 703 22, 968 
1967... os a a 16,195 r 5,200 2,333 r 28,729 
TEE 16,820 r 5,448 2,703 r 24,971 
«ö; 17,965 5,625 3,338 26,928 
* Revised. 


! Production as measured by mine shipments, sales, or marketable production (including consumption by 


producers). 


2 Data may not add to totals shown because of independent rounding. 
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Table 3.—Minerals produced in the United States and principal producing States 


in 1969 
Mineral Principal producing States Other producing States 
in order of quantity 
Antimon g uge e Idaho, Alaska, Nev. 
KEE Va. 
As bes tos Calif., Vt., Ariz., N. C. 
An! u Ee Tex., Utah, Ala., Mo. 
Beate LL LLL Lc Lll s-l- Nev., Mo., Ark., G a.. Alaska, Calif., Tenn. 
Hauxilé:. . roS Ark., Ala. e Ga a. 
Berylliunmn Colo., S. Dak., Maine, N. Mex. 
HOrOlh. ˙·i—w d L Calif. 
Bromine ------------ Mich., Ark., Tex., Calif. 
Breite ev. 
Jaleium- magnesium chloride Mich., Calif. 
Carbon dioxide - N. Mex., Colo., Utah, Calif. ` 
Cement Calif., Pa., Tex., Mich.......... Ala., Ariz., Ark., Colo., Fla., Ga., 
Hawaii., Idaho, III., Ind., Iowa, 
Kans., Ky., La., aine, d., 
Minn., Miss., Mo., Mont., Nebr., 
Nev., N. Mex., N. V., N. C., Ohio, 
Okla., Oreg., S. C., S. Dak., Tenn, 
Utah, Va., Wash., W. Va., Wis = 
FRA Ga., Ohio, Tex., N. CCC. All other States except Alaska, R.I. 
e EE W. Va., Ky., Pa., III. Ala., Alaska, Ark., Colo., Ind., Iowa, 
Kans. 5 Md., Mo. T "Mont., N. 
Mex., N. Dak., Ohio., SCH , Tenn., 
Utah, Va., Wash., 
Cobalt... ele zlREwallesdedu Pa. 
Columbium-tantalum___________ S. Dak. 
ED eet Ariz., Utah, N. Mex., Nev......- Calif., Colo., Idaho, Maine, Mich., 
Mo., Mont., Wyo. Oreg., Pa., 
Tenn., Wash., 
Diatomite................-...- Calif., Nev., Wash., Arz Md., Oreg. 
Emery... ecc Eee N.Y. 
Feldspar.....................- N. C., Calif., Conn., S. CC. Ariz., Colo., Ga., Maine, N. H., N. 
Mex., S. Dak., Va. 
Fluorspar_-... Ill., Colo. A Nev Mont Ky., N. Mex., Utah. 
Garnet, abrasive. __-._.......-_-- NN. 
e BEE S. Dak., Ner; Utah, Ariz......- Alaska, Calif., Colo., Idaho, Mont., 
| N. Mex. , Oreg. . Pa., Tenn., Wash., 
Wyo. 
Graphite Tex. 
Gvpsum. 2-2. Mich., Tex., Calif., Iowa. ....... Ariz., Ark., Colo., Ind., Kans., La., 
Mont., Nev. i N. Mex , N.Y., Ohio, 
Okla., 8. Dak., Utah, Va., Wash. , 
Wyo. 
Helin . es Kans., Tex., Okla., Aris N. Mex. 
dine ich. 
Iron Orë os. osc eee Minn., Mich., Calif., Wo Ala., Ariz., Colo., Ga., Idaho, Mont., 
Nev., N. Mex. s N.Y., pcd Pa., 
Tex., Utah, Va., Wis., Wyo 
Keante Va., Ga., S. C., Fla. 
Lead: uuu zz as epe dde: Mo., Idaho, Utah, or Alaska, Ariz., Calif, III., Kans., 


Mont., Nev., N. Mex, N. V., 
Okla., Oreg., S. Dak., Va., Wash., 


Wis. 

Limiè . TT TO Z ez Ohio, Pa., Mo., Tk _ __ Ala., Ariz., Ark., Calif., Colo., Conn., 
Fla., Hawaii, Idaho, Ill, Ind., 
Iowa, Kans., La. Md., Mass., 
Mich., Minn., Miss., Mont., Nebr., 
Nev. ey N.J., 'N. Mex. 29 N.Y. ° ° 
Dak., Okla., Oreg., S. Dak., Tenn., 
Utah, Vt., Va., Wash. A W. Va., 
Wis., Wyo., P.R. 


Lithium — — —— Án Áo N.C., Nev., Calif., S. Dak 
Magnesite................----- Nev. 
Magnesium Chloride. ........... Tex. 
Magnesium Compounds Mich., Tex., Calif., N. JJ. Fla., Miss., Utah. 
Manganese otre N. Mex. ek Mont. 
Manganiferous ore Minn., N. Mex. 
Manganiferous residuum. ....... 
Marl, greensand...............- N.J., Md. . 
719 Tuna am DM C Calif., Nev., Tex., Idaho Alaska, Ariz., Oreg. 
ica: 
Serap EE N. C., Ala., Ga., Ariz____ Conn., N. H., N. Mex., Pa., S. C., 
S. Dak. 
Sheet u. arcu Lass N.C. 
Molybdenum.................- Colo., Utah, Ariz., N. Mex. ` Calif., Nev. . 
Natural eag Tex., La., Okla., N. Mex.......- Ala., Alaska, Ariz., Ark., Calif., 


Nebr., N. Y. N. Deke. Ohio, Pa., 
Wyo. 
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Table 3.—Minerals produced in the United States and principal producing States 


Mineral 


Natural gas liqu ids 


Phosphate rock. k 
Platinum-group metals 
Potassium salt 
Sek 022-5 cB suu 


Pyrites 


Sand and grave ll... 
SI ³ AAA es 


Sodium carbonate 
Sodium sulf ate 
Staurol it 


Sulfur (Frasch) 
Tale, soapstone, and pyrophyllite. 


Zirconium 


in 1969—Continued 
Principal producing States 
in order of quantity 


Tex., La., Okla., N. Mex........ 


ash., N.C. 
Mich., III., Fla., N. JJ. 


N. Mex., Ariz., Calif., v 
Tex., La., Calif., Okla..........- 


Fla., Idaho, Tenn., N. CC. 


Alaska. 
N. Mex., Utah, Calif., Mich. 


Ariz., Oreg., Calif., Hawaii 


Tenn., Pa., Colo., Nev.........- 


Calif., Ga., Colo. 


La., Tex., Ohio, N.Y y 


Calif., Mich., Ohio, Minn 
Idaho, Ariz., Utah, Mont ` 


W yo., Calif. 
Calif., Wyo. 


Pa., IN., Ohio, "e. 
La., Tex. 
N.Y., Tex., Gall 


N. 
III., 
N. Mex., Wyo., Colo., is EE 


Colo., Idaho, Ark., 
N AVI „ Tex., Ariz. 


Fla., Ga. 


Other producing States 


Ala., Alaska, Ark., Calif., Colo., 
Fla., Ill., Kans., Ky., Mich., Miss., 
Mont., Nebr., N. Dak., Pa., 
Utah, W. Va., Wyo. 


Calif., Colo., Ga., Idaho, Ind., Iowa, 
Maine, Md., Mass., Minn., Mont., 
N. Mex., N.Y., Ohio, Pa., S.C” 
Vt., Wash., 

Colo., Idaho, Utah. 

Ala., Alaska, Ariz., Ark., Colo., 
Fla., Ill., Ind., Kans., Ky., Mich., 
Miss., Mo., Mont., 
N. Mex., N.Y., N. Dak., 


Sé woe Tenn., Utah, 
Ala., Calif Mont., Utah, Wyo 


Md. 
Colo., Idaho, Kans., Mont., Nebr., 
N. Mex., Okla., Tex., Utah, 


Ala., Calif., Colo., Hawaii, Kans., 
Mich., Nev., N. Mex., N. Dak,, 
Okla., Utah, Va., W. Va. 

All other States. 

Alaska, Calif., Colo., Maine, Mich., 
Mo., Nev., N. Mex., N.Y., Okla., 
Oreg., Pa., S. Dak., Tenn., Wash., 
Wyo. 


All other States except Del. 


Ala., Ark., Ga., Md., Mont., Nev., 


C., Oreg., Pa., Va., Wash. 


Ariz., Idaho, Utah. 
Ariz., S. Dak., Utah. 
Ariz., N. Mex. 


Ariz., Calif., Ill., Kans., Ky., Maine., 
Mo., Mont., Nev., N.J., N. Mex., 
Okla., Oreg., Pa., Utah, Va., 
Wash., Wis. 
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Table 4.—Value of mineral production in the United States and principal minerals 
produced in 1969 


Percent 
State Value Rank of U.S. Principal minerals in order of value 
(thousands) total 
Alabama 3284, 736 22 1.06 Coal, cement, stone, petroleum. 
Alaska 257.776 24 96 Petroleum, sand and gravel, natural gas, coal. 
Arizona 859, 308 8 3.19 Copper, molybdenum, sand and gravel, cement. 
Arkansas 208, 126 27 77 Petroleum, bromine and bromine compounds, natura! 
gas, bauxite. 
California 1,850,517 8 6.87 Petroleum, natural gas, cement, sand and gravel. 
Colorado. ......... 368 , 494 17 1.37 Molybdenum, petroleum, coal, sand and gravel. 
Connecticut 27,767 45 10 Stone, sand and gravel, feldspar, lime. 
Delaware 2, 086 50 OI Sand and gravel, clays, gem stones. 
Florida............ 295,376 21 1.10 Phosphate rock, stone, cement, sand and gravel. 
Georgia 190, 902 29 71 Clays, stone, cement, sand and gravel. 
Hawaii 29, 539 44 11 Stone, cement, sand and gravel, pumice. 
Idaho............- 118,309 82 .44 Silver, phosphate rock, lead, zinc. 
Illinois 659, 815 10 2.45 Coal, petroleum, stone, sand and gravel. 
Indiana 241, 871 26 90 Coal, cement, stone, sand and gravel. 
Iowa... ccc 119,930 31 .45 Cement, stone, sand and gravel, gypsum. — 
Kansas 577, 816 15 2.15 Petroleum, natural gas, helium, natural gas liquids. 
Kentucky 5 591,048 13 2.19 Coal, stone, petroleum, natural gas. . 
Louisiana 4, 685, 326 2 17.40 Petroleum, natural gas, natural gas liquids, sulfur. 
Maine. `. 20,188 47 .07 Cement, sand and gravel, stone, zinc. 
Maryland......... 83,483 86 .91 Stone, cement, sand and gravel, coal. 
Massachusetts 49, 843 43 WE Sand and gravel, stone, lime, clays. 
Michigan 668,247 9 2.48 Iron ore, cement, copper, sand and gravel. 
Minnesota 635, 636 12 2. 36 Iron ore, sand and gravel, stone, cement. 
Mississippi 243, 184 25 .90 Petroleum, natural gas, sand and gravel, clays. 
Missouri... 367,232 18 1.36 Lead, cement, stone, iron ore. 
Montana 282, 631 23 1. 05 Petroleum, copper, sand and gravel, cement. 
Nebraska 78, 030 39 .29 Petroleum, cement, sand and gravel, stone. 
Nevada........... 168,295 30 .62 Copper, gold, sand and gravel, diatomite. 
New Hampshire 8,120 48 .03 Sand and gravel, stone, clays, feldspar. ` 
New Jersey........ 83,107 87 .91 Stone, sand and gravel, zinc, magnesium compounds. 
New Mexico 985,746 7 8.48 Petroleum, natural gas, copper, uranium. 
New York......... 302,339 20 1.12 Cement, stone, salt, sand and gravel. 
North Carolina 90,455 34 .94 Stone, sand and gravel, phosphate rock, cement. 
North Dakota 91,048 83 .94 Petroleum, coal, sand and gravel, natural gas. 
Ohio- -asdruk 580,667 14 2.16 Coal, stone, sand and gravel, lime. 
Oklahoma 1, 090, 809 4 4. 05 Petroleum, natural gas, natural gas liquids, stone. 
Oregon 60,164 40 .22 Sand and gravel, stone, cement, nickel. 
Pennsylvania 976, 367 5 3.63 Coal, cement, stone, sand and gravel. 
Rhode Island 4,433 49 02 Sand and gravel, stone, gem stones. 
South Carolina 55, 864 41 KA Cement, stone, clays, sand and gravel. 
South Dakota 54,921 42 .20 Gold, stone, sand and gravel, cement. 
Tennesse 205,451 28 .76 Stone, zinc, cement, coal. 
Texas 5, 769, 970 1 21.43 Petroleum, natural gas, natural gas liquids, cement. 
Ell metu 543,282 16 2.02 Copper, petroleum, coal, molybdenum. 
Vermont 27,759 46 .10 Stone, asbestos, sand and gravel, talc. 
Virginia 317, 527 19 1.18 Coal, stone, cement, sand and gravel. 
Washington 88, 626 35 KU Sand and gravel, cement, stone, zinc. 
West Virginia 948 , 430 6 8.52 Coal, natural gas, stone, cement. 
Wisconsin 79,792 38 KI Sand and gravel, stone, zinc, cement. 
Wyoming 647, 442 11 2. 40 Petroleum, natural gas, sodium salts, uranium. 


Total 26,927,827  .... 100.00 Petroleum, natural gas, coal, copper. 
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Table 8.—U.S. exports of principal minerals and products 
1968 1969 
Mineral 
Quantity Value Quantity Value 
(thousands) thousands) 
Metals: 
Aluminum: 
Ingots, slabs, crude_______- Short tons... 180,279 $85,855 344,414 $172 ,137 
EEN do.... 49,427 16,017 86,255 33,827 
Plates, sheets, bars, ete________- do.... 114,062 77,418 135,707 99,596 
Castings and forgings do 10, 104 „360 10, 473 
Antimony: Metals and alloys, crude 
short tons 109 54 207 216 
Bauxite, including bauxite concentrates 
thousand long tons 7 360 6 456 
Aluminum sulfate......... short tons 18,252 571 12,274 367 
Other aluminum compounds do *9381,104 r 80,828 1,038,680 85,850 
Berylium..--. 2 2 2c- emnes pounds.. 93,475 622 28,951 630 
Bismuth: Metals and alloys.......... do.... 120,466 r 292 441,931 1,515 
Cadmium thousand pounds 530 1,400 i 3,254 
Chrome: 
Ore and concentrates: 
xports......- thousand short tons 13 517 49 1,915 
Reex ports do- 126 5,351 150 5, 806 
Ferrochrome 9898 27 5, 735 25 5,679 
Cobalt=.2 21cm thousand pounds.. 2, 539 4,348 3,257 5,951 
Columbium metals, alloys and other forms 
thousand pounds 8 291 41 601 
Copper: 
Ore, concentrate, composition metal and 
unrefined (copper content) 
short tons 80,739 58,481 5,517 5,113 
Refined copper and semimanufactures 
short tons__ 297,992 308, 098 236,914 303, 386 
Other copper manufactures do.... 4,669 5,681 ,602 ,160 
Copper sulfate or blue vitriol . do 927 718 3,127 2, 385 
Copper base alloy do 98, 534 98,322 94, 803 111, 048 
Ferroalloys: 
Ferrosilicon...........---....-.- do 18,372 4,481 6,487 1,666 
Ferrophosphorous. ............- 98 36, 708 930 37,351 912 
Ore and base bullion...... troy s 181,385 6,765 58 , 867 2, 434 
Bullion, refined — 23,781,006 832,394 279 , 484 9,853 
Iron ore thousand long tons 5, 884 70, 835 ; 62,310 
Iron and steel 
Pig TCC ee ee short tons 10,941 657 43,961 2,647 
Iron and steel products (major): | 
Semimanufactures short tons.. 1, 759, 527 307, 885 4, 806, 722 641,214 
Manufactured steel rnill products 
short tons 700, 215 293,775 705, 579 322, 826 
Iron and steel scrap: Ferrous scrap, 
including rerolling materials 
ions short tons.. 6,692,058 202, 849 9,289,608 305,026 
Pigs, bars, anodes.......... short tons 8,281 4,740 4,968 3,913 
Scrap 32 C do 937 219 2,940 505 
Magnesium: 
Metal and alloys and semimanufactured 
forms, n. e. short tons... 19,457 13,049 27,372 17,961 
Manganese: 
Ore and concentrate do.... 18,500 2,042 19,231 1,627 
Ferromanganese...............- do- 3,710 645 1,759 483 
Mercury 
Exports 76-pound flasks _ 7,496 3,951 507 294 
Reex ports do 103 54 108 57 
Molybdenum: 
Ore ane concentrates (molybdenum con- 
peer eee ae MESS thousand pounds 29 ,006 48,070 57, 584 99,055 
Metal and alloys, crude and scrap 
thousand pounds 293 217 21 70 
Wire DR K ee do 26 551 61 1,083 
Semifabricated forms, n.e.c. 
thousand pounds 118 487 229 682 
Powder- eg Gs ee D oss 53 170 782 469 
Ferromolybdenum............-- do 863 1,194 1,455 2,381 
Nickel: 
Alloys and scrap (including monel metal), 
ingots, bars, sheets, etc... short tons 28,555 56,386 29,240 64, 420 
Catalysts_..__........__.---.-- do 3,340 7,299 8,592 7,531 
Nickel-chrome electric resistance wire 
ccr 624 2,652 746 3,630 
Semifabricated forms, ner... do 1,162 5,336 1,180 6,487 


See footnotes at end of table. 
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Table 8.—U.S. exports of principal minerals and products—Continued 


Mineral 


Metals—Continued 


Platinum: 

Ore, concentrate, metal and alloys in in- 
ots, bars, sheets, anodes, and other 
orms, including Scrap...troy ounces.. 

Palladium, rhodium, iridium, osmiridium, 

ruthenium, and osmium (metal) and 
alloys including scrap. ..troy ounces... 

Platinum group manufactures, except 


Sr ³ð AA beaan 
Rare earths: 
Cerium ore, metal, alloys and lighter 
hh EEN pounds.. 
Silver: 


Ore and base bullion 
thousand troy ounces... 
Bullion, refined... do 
Tantalum: 
Ore, metal, and other forms 
thousand pounds 


FPow dle Ee do 
Tin: 
Ingots, pigs, bars, etc.: 
xportssss long tons 
Reerporta ..-------------- do. 
Tin scrap and other tin-bearing material 
except tinplate sera do 
Titanium: 
Ore and concentrate short tons 
1 (including iodide titanium and 
BEER short tons.. 
Intermediate mill shapes and mill prod- 
ucts, n. ec short tons 
Dioxide and pigmen ts do 
Tungsten: Ore and concentrates: 
EIERE do...- 
Reex ports do 


Vanadium ore and concentrate, pentoxide, etc. 
(vanadium content)... -thousand pounds.. 


Zinc: 
Slabs, pigs, or blocks short tons 
Sheets, plates, strips, or other forms, n.e.c. 
short tons 
Scrap (zinc content) do 
Semifabricated forms, n. e. e.. do 
Zirconium: 
Ore and concentrate do.... 
Metals and alloys and other forms 
pounds 
Nonmetals: 
Abrasives: 


Dust and powder of precious or semi- 
precious stones, including diamond 
dust and powder. - -thousand carats. . 


Crushing bort do 
Industrial diamond do 
Diamond grinding wheels do. 


Other natural and artificial, metallic abra- 
sives and produetss 
Asbestos: Unmanufactured: 


Exports_____. ⁵ĩð short tons 
Reexports -------------------- do 
Boron: Boric acid, borates, erude and refined 
short tons 
Cement 376- pound barrels. . 
Clays: 
Kaolin or china cla c short tons 
Fire e do- 
Other clay do 
p uz sees eres do- 
Graphite___ zona. do- 


"Gypsum:  ! 
l Crude; crushed or calcined 


thousand short tons 

Manufactures, ner... 
Kyanite and allied minerals short tons 
EE Osa 


See footnotes at end of table. 


1968 


Quantity 


222, 998 


172,159 
NA 


89, 858 


23,129 
102, 632 


171 
84 


3, 813 

682 
5, 128 
4,238 
2,756 


1,228 
30,188 


604 
56 


15,000 
2,026 
693, 927 


NA 
41.217 
19 
206,732 
942 

r 889,882 


20,477 
68,915 


Value 


thousands) 


$30,997 


18,522 
2,493 


803 


47,549 
199,551 


1,899 
2,668 


12,734 
2,267 
2, 676 

276 
1.748 


7,575 
8,227 


1,705 
117 


39,319 
4,677 
2 


20,347 
3,884 


12,995 
2,672 
r 28,466 


496 
509 


1,688 
1,868 
1,311 
1,437 


1969 


Quantity 


223 , 569 


277,495 
NA 


103,169 


90,952 
57,957 


209 
100 


2,362 
541 


5,369 
1,424 
2,802 


1,778 
24,507 


28,810 
2,698 
443,462 


8,122 
45 


345 
699 


NA 


34. 522 
1.651 


233, 650 
589 


477,674 


51, , 006 


113 


Value 


thousands) 


$30,856 


16,355 
4,810 


851 


53,834 
103,886 


2,652 
2,952 


8,459 
1,927 


4,825 


43,628 
4,626 
853 


114 


MINERAL YEARBOOK, 1969 


Table 8.—U.S. exports of principal minerals and products—Continued 


Mineral 


Nonmetals—Continued 
Mica sheet, waste and serap and ground 


Manufactured 
Mineral-earth pigments: Iron oxide, natural 
and manufactured 


O 


5 short tons 


Nitrogen compounds (major) 


Phosphate rock do 


thousand short tons... 


Phosphatic fertilizers (superphosphates) 


thousand short tons... 


Pigments and compounds (lead and zinc): 


d pigments short tons 
Zinc pigmen ts do 
Potash: 
Fertilizer___________ 2... --.-- 2n TANTA 
Chemiesal ------------—- 
Quartz, natural, quartzite, cryolite and "Clio: 
ö ³ĩV,s,ꝗð47! ⁰⁰ʒ Le do 
Salt: 


Crude and refined 


thousand short tons 


Shipments to noncontiguous Territories 


thousand short tons 


Sodium and sodium compounds: 


Sodium sulfate ` 


Sodium carbonate. 


thousand short tons 
do 


one: 
Dolomite, block- gk do 


Limestone, crushed, ground, broken 


Marble and other building and monu- 


mental 


thousand short tons 


thousand cubic feet. _ 


Stone, crushed, ground, broken 


thousand short tons... 


Manufactures of stone 


Sulfur: 
Crude 


. thousand long tons 


Crushed, ground, flowers of 


thousand long tons 


Tale, crude and ground short tons... 
Fuels: 
Carbon black. .........- thousand pounds 
Coal: 
Anthracite thousand short tons 
Bituminou s do 
Briquets--..------------------- do.... 
COKG-.—— 1o %o² ] x 8 do 
Petroleum: 
Crude. ............. thousand barrels... 
Gasoline do 
a a K ³ðÄK E A AAEE do 
Naphtha--.-------------------- do.... 
Kerosine__...__..._-_.-___-_-_- do.... 
Distillate ol 2. 222... do- 
Residual ol ` do- 
Lubricating oil____ do 
ERR do 
Liquefied petroleum gases do.... 
Was c-r ct rtu au E do 
Coke JJVͤĩĩõĩͤ¹—0è 8 do 
Petrochemical feedstock s. do 
Miscellaneous do- 
Total EES 
r Revised. NA Not available 


pounds 27,014,321 


Quantity 


509 
3,321 


4,042 
12,083 


1,289 


1,877 
4,940 


1,302,875 
33,397 


751 
728 
18 


56 
288 


102 
1,297 
NA 


292 
NA 


1,549 


53 
65,648 


263,122 


XX Not applicable. 


1968 


Value 


thousands) 


$1,408 
, 358 


1,257 


186,472 
104,559 


56,359 


770 
1,483 


38,353 
5,114 


168 
4,650 
1,772 


1,844 
9,131 


1,518 
3,294 
849 


3,278 
1,030 


65,650 


3,855 
3,521 


28,626 


6,553 
495, 899 


18, 613 


r 15,415 
r 21,756 


4,671, 788 


Quantity 


11,810,008 
8,830 


3,992 


3,614 
11,369 


847 


1,688 
4,865 


1,232,636 
26,620 


794 
716 
14 


91 
324 


93 
1,382 
NA 
284 
NA 
1,536 


11 
69,022 


196,203 


627 
56,234 
T3 


1,629 


1969 


Value 
thousands) 


$1,274 


1,439 


160,039 
87,418 


33,922 


686 
1,641 


33,061 
4,712 


165 
4,486 
1,200 


2,644 
10,326 


1,809 
3,189 
863 


3,569 
793 


56, 186 


1,495 
3,713 


22,915 
8,420 
585,452 
3,952 
38,510 


4,982,628 
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Table 9.—U.S. imports for consumption of principal minerals and products 


i 1968 1969 
Mineral 
Quantity Value Quantity Value 
(thousands) (thousands) 
Metals: 
Aluminum 
Metal ------------- Short tons 685,699 $298 , 759 468 , 236 $214,845 
8 ˙·w EEE OE do 37,521 12,134 28 , 850 11,008 
Plates, sheets, bars, ete do 62, 135 41,816 57,209 88,554 
Antimony: ` 
Ore (antimony content) do.... 10,614 4,145 12,098 5,248 
Needle or liquated.............. do.... 60 42 62 51 
Metal__ EE do.... 2,693 2,037 980 888 
A A 0 A do- 4,801 8,540 4,715 8,852 
Arsenic: White (As: O; content) do 25, 195 2, 626 18,171 2,064 
Bauxite: Crude thousand long tons 10,976 140,228 12,180 165,802 
Beryllium ore short tons 3, 822 „41 6,422 „648 
Bismuth- . ce pounds 1,265,671 4,718 891,499 8,699 
Boron carbide...................... do 227, 486 575 422, 133 883 
Cadmium: 
Metall thousand pounds 1,927 4,602 1,078 3,166 
Flue dust (cadmium content). ....do....... 1,605 1,796 1,115 1,495 
Calcium: 
Cte) suce Sec ur ires pounds 137,251 120 354, 370 307 
Chlorid short tons 14,069 523 9,226 850 
Chromate: 
Ore and concentrates (Cr: O; content) 
thousand short tons 499 18,189 506 20,030 
Ferrochrome do. 41 14,197 42 12,958 
C14 A 8 O... 1 2,053 1 2,133 
Cobalt: | 
Metall thousand pounds 9,219 16,285 12,037 21,725 
Oxide (gross weight) do.... 1,186 2,113 1,175 2,028 
Salts and compounds (gross weight) 
thousand pounds 107 90 131 6 
Columbium ore do 3,657 2, 848 4,161 2,681 
Copper. (co opper content) 

Ore and concentrates short tons 71,884 66,291 3,588 8,274 
Regulus, black, coarse do.... 1 
Unrefined, black, blister do 274,180 224,013 241,712 233, 265 
Refined in ingots, ete__________- do 403, 630 438, 608 131,171 132, 573 
Old and scrap --- 5 sss 11,571 12,117 5,889 „355 
Old and elippinga Obss 2,131 2,042 2,035 2,109 

Ferroalloys: Ferrosilicon (silicon content) 
eod Short tons 10,612 3,207 16,944 4,577 
o 
Ore and base bullion...... troy ounces... 213,662 7,855 236,'138 9,064 
Bullion do.... 5,730,853 218,408 5,624,649 227 , 842 
Iron ore thousand long tons 43,941 453, 753 0, 758 402, 529 
Iron and steel: 
Pig iron_______._. EE short tons__ 785,899 r 30, 481 406, 568 18, 513 
Iron and steel products (major): 
Iron products. ........ short tons 89,542 9,606 35,012 9,604 
Steel products.............. do. er 17, 853,087 1,989,377 13,983,804 1,758,171 
EE do.... 276, 498 10,784 1,350 2,280 
SES ö 8 do 17,727 541 23, 849 917 
Ore, flue dust, matte (lead content) 
short tons 96, 863 18,990 115,286 22,697 
Base bullion (lead content: do.... 8 4 1,993 69 
Pigs and bars (lead content)..... do.... 837,620 81,264 278, 873 72,104 
Reclaimed, scrap, etc (lead content) 
short tons 4,249 748 6,682 1,513 
Sheets, pipe, and shot do. 893 256 518 174 
Babbitt metal and solder (lead content) 
short tons 566 2,244 667 8 , 822 
Manufactur ess do... r 2,138 r 528 1,981 543 
Magnesium: 
Metallic and scrap.............- do r4,077 r 2,203 8,515 1,913 
Alloys (magnesium content) do- r 656 r 1,228 467 1,175 
Sheets, tubing, ribbons, wire and other 
forms (magnesium content) 
Short tons - 40 r 428 14 66 
Manganese: 
re (85 percent or more manganese) 
(manganese content short tons 870,390 45,264 980,961 89,178 
Ferromanganese (manganese content) 
short tons.. _* 158,304 r21,178 234,563 31,708 
Mercury: 
Compounds. .............-.- ounds. 38 , 473 47 46 ,944 15,499 
etül.l... ol s ncc 76-pound flasks.. 23,246 11,164 81,924 15,207 
Minor metals: Selenium and salts. pounds 582,535 3,076 563 , 475 8,363 


See footnotes at end of table. 
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Table 9.—U.S. imports for consumption of principal minerals and products—Continued 


1968 


Mineral 
| Quantity 
Metals—Continued 
Nickel: 
Pigs, ingots, shot, cathodes. short tons. 108,158 
C/ ĩ˙¹- TTT sous r 1,974 
e a E do... 6,388 
Platinum group: 
Unwrought: 
Grains and nuggets (platinum) 
troy ounces.. r 64,972 
Sponge (platinum).......... do r303,562 
Sweepings, waste and scrap. do- r 54,695 
Iridiuumummdm ------- do 5, 503 
Palladium do. 71,068,400 
Rhodium do 1.026 
Ruthenium................ do.... r 13,162 
Other platinum group metals. do.... 21,722 
Semimanufactured: 
latinu mm do- 68, 677 
Palladium do 96,916 
Rhodium do- 29, 990 
Other platinum group metals. do 5,359 
Radium: Radioactive substitutes NA 
Rare earths: Ferrocerium and other cerium 
EE pounds 23, 008 
Silver: 
Ore and base bullion 
thousand troy ounces... 28,786 
CAE do 41.923 
Tantalum eee l thousand pounds 1,230 
in: 
Ore (tin content long tons 2,282 
Blocks, pigs, grains, et do.... 57,358 
Dross, es Scrap, residues and tin 
alloys, pap. long tons 487 
Tin foil, powder, flitters, ete _--.----- NA 
Titanium: 
Ilmen itte short tons 246,109 
Ee 8 o... 174,366 
Métal... uoc . EE RE pounds.. 7,610,236 
Ferrotitanium..............--.- do.... 98,923 
Compounds and mixtures do....111,080,989 
Tungsten: (tungsten content) 
Ore and concentrate. thousand pounds 1,743 
Metal eg »: 8 do.... 33 
Other alloys. ................-- do.... 22,951 
Zinc: 
Ore (zinc content)......... short tons..  7484,808 
Blocks, pigs, and slabs. ......... do.... 806,651 
)½).ÜĩÜ¹·.é⁵õ 8 do 754 
Dur dross, and skimmings........ do- 1,459 
eebe do. 8,100 
Manufscturu % TTE NA 
Zirconium: Ore, including zirconium sand 
Short tons... 59,900 
Nonmetals: 
Abrasives: Diamonds (industrial) 
thousand carats. . r 18,686 
e .----------------- short tons 737, 909 
Barite: 
Crude and ground.............. do- 662, 705 
Wither ite RE Se r 2,054 
Chemicals 5, 977 
Geh SERE thousand 376-pound barrels.” r 7,289 
ays 
ROW i See See ̃ short tons... 91,205 
Manufactured. ...............- do 6,177 
e.. TL TSS Qu ys do- 33,772 
Feldspar: Crude long tons 
Fluorsp ar short tons.. 1, 050, 107 
Gem stones 
Diamonds thousand carats.. 4,848 
Emerald do 365 
e . ORUM NA 
Graphite dene short tons 67, 922 
Gypsum: 
Crude, ground, caleined 
thousand short tons 5, 476 
Manufactures. s NA 
Iodine, erude `. thousand pounds 5,883 
e -2 ----------- short tons 1,450 


See footnotes at end of table. 


Value 


(thousands) 


$201,312 


r 2,575 
8,911 


r 10,223 


49,587 
88,213 
4,164 


5,287 
181,940 


76,035 


r 60,302 
12,930 


Quantity 


99,652 
3,188 
4,013 


316,574 
204 , 907 


18,211,214 
1,103,148 
111,219,610 


1,503 
36 
20,436 
565,234 


95,414 


14,076 
694,558 


616,573 
9 


6 
1,149,546 


4,690 
N 
58,479 
5,860 
NA 


5,705 
2,088 


Value 


thousands) 


$209 , 468 
84 


6,524 


1,113 


7 
32,818 
504,647 
9,175 
52, ett 


12,481 
2,041 
5,753 

88 
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Table 9.—U.S. imports for consumption of principal minerals and products—Continued 


t Dead-burned basic refractory material consisting chiefly of magnesia and lime. 


1968 1969 
Mineral 
Quantity Value Quantity Value 
(thousands) (thousands) 
Nonmetals—Continued 
Lime: 
Hydrated................. short tons 873 $21 89,270 $542 
OUO 28 ie ie ei RE O.. 71,632 877 144,471 1,911 
Dead-burned dolomite 1. 1. O.. 83,498 1,552 10,780 56 
Magnesium: 
Magneaite 2 Le do.... 131,640 8,489 113,369 7,464 
Compounds —ꝛ— 88 49,344 1,326 48,719 1,251 
1 ° 
Uncut sheet and punch 
thousand pounds.. 1,491 1,539 1,601 1,695 
SCAD eosina do 13,157 77 8,078 74 
Manufactures—- do 5,293 8,378 5,520 8,060 
Mineral-earth pigments: Iron oxide pigments: 
Natural.................- short tons 4,442 253 2,736 225 
Synthetic do 18, 596 3, 455 22, 555 4,390 
Ocher, crude and refined do.... 126 8 87 6 
Siennas, crude and refined do 1,464 173 1,341 146 
Umber, crude and refined do 4, 671 178 6,240 235 
Vandyke.._... . . . voi do- 589 50 472 42 
Nitrogen compounds (major), ineluding urea 
thousand short tons 1,652 82,221 1,779 87,918 
Phosphate, erude .-.------------- do 116 2,679 140 8,554 
Phosphatic fertilizers... do 44 2,222 83 3,976 
Pigments and salts: 
Lead pigments and compounds 
short tons 82,004 6,950 82,478 7,984 
Zinc pigments and compounds. . do 20,838 4,152 23,518 4,476 
xl Lj MIR do.... 78,658,158 r 78,077 8,978,363 67,034 
Pumice: 
Crude or unmanufactured MEETS do.... 9.436 69 8,424 81 
Wholly or partly manufactured. do 302, 240 786 375, 861 819 
Manufactures, n.s.p. jj NA 17 NA 61 
su: erystal (Brazillian pebble)..pounds.. 1,180,153 607 1,291,008 477 
J 8 thousand short tons 3,456 11,487 „302 11,990 
Sand and gravel: 
Glass sand...................-.- do 25 144 43 194 
Other sand and grave ll do- 729 984 854 1,253 
Sodium sultfate ----.-------------- do.... 805 5,108 286 4,808 
Stone and whitin gg NA r 24,629 NA 29,806 
Strontium: Mineral. ........... short tons 12,896 290 27, 803 59 
Sulfur and pyrites: 
Sulfur, ores and other forms, n. e. s. 
thousand long oe 1,572 64,277 1,674 57,222 
Pynt hee 0.-- 13 68 99 322 
mue Map riter M S PIRE short tons 24, 313 973 20, 358 749 
els: 
Carbon black: 
Acetylene. ___.....-..---.--- pounds.. 5, 343, 923 915 7,097, 186 1,220 
i as black and carbon black...... do.... 2,851,312 178 1,129,280 16 
oal: 
Bituminous, slack, culm and lignite 
Short tons 224 ,394 1,900 108,914 1,081 
Briquets. ....................- o. 2,891 44 1,351 18 
: OK@ reet 8 Ose 94,085 1,904 173,052 8,354 
eat: 
Fertilizer grade 40 285, 875 12, 716 297,364 13,631 
Poultry and stable grade do 1,725 100 , 683 121 
Petroleum: 
Crude oil... ...----- thousand barrels.. 472, 323 1,067,450 513,849 1,120,191 
Gasoline... ..................- do 21, 59 81, 614 22, 709 87, 208 
8 a naphta aa o---- 1,399 8,442 ,191 8,233 
OSING EE do.... 190 568 965 2,567 
Distillate fuel oil do... r 67,234 r 199,600 78,275 228 , 867 
Residual fuel ol ------------ o.... 1 409,928 r 807,578 461,611 987, 848 
Military jet fue -__------------ do- 7,117 21, 066 5,134 15,818 
Commercial jet fuel do.... r 31,390 r 95,112 40,405 124,447 
Liquefied eageg ------------ do- 11,647 19,916 12,651 20,378 
Asphalt... ..:.l.l2os c ames do.... 6,236 13,096 4,761 10,284 
Unfinished ol. do.... 29,350 71,321 88,008 87,798 
Eran Mm do.... 83 533 168 1,535 
. 8 do 17 74 158 799 
Petrochemical feed stocks El ode. ` Eet Dee 40 106 
KT EE XX r8,562,563 XX 8,212,755 
r Revised. NA Not available. XX Not applicable. 
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Injury Experience and Worktime 
in the Mineral Industries 


By Forrest T. Moyer 


The safety record for all mineral mining 
and processing industries in 1969 showed 
an improvement in fatality experience but 
a worsening in nonfatal injury experience. 
The overall injury-severity rate of 2,427 
days lost per million man-hours of work- 
time was sharply better than that of 2,741 
in 1968. However, the frequency rate of 
17.82 injuries per million man-hours was 
higher than the corresponding rate of 
16.76 in the preceding year. 

The totals of 510 fatal and 32,125 nonfa- 
tal injuries in 1969 occurred at respective 
frequency rates of 0.27 and 17.05 per mil- 
lion man-hours. The comparable data for 
1968 were 607 fatal and 31,254 nonfatal 
injuries at respective frequencies of 0.32 
and 16.44 per million man-hours. This 
indicated improvement in fatality experi- 
ence resulted primarily from the absence 
of major disasters (a single accident which 
results in the death of five men or more) 
throughout 1969. There were three major 
disasters in 1968 with a total of 108 work 
fatalities: A shaft fire at a Louisiana salt 
mine resulted in 21 deaths: a dust explo- 
sion at a Kentucky coal mine caused nine 
fatalities; and a gas and dust explosion 
resulted in 78 deaths in a West Virginia 
coal mine. 

The safety records of the separate min- 
eral industries varied as summarized in the 
later text and detailed in the tables of this 
chapter. 

Mine Safety Legislation.—The first Fed- 
eral legislation specifically directed towards 
coal mine safety, “An act relating to cer- 
tain inspections and investigations in coal 
mines for the purpose of obtaining infor- 
mation relating to health and safety condi- 
tions, accidents, and occupational diseases 
therein, and for other purposes" (Public 
Law 49—77th Congress), was approved 


May 7, 1941. This act provided right-of- 
entry to coal mines for Federal inspectors 
but, since no enforcement authority was 
provided, only recommendations for safety 
and health improvements could be made. 
This legislation was strengthened by the 
Federal Coal Mine Safety Act (Public Law 
552—82nd Congress) approved July 16, 
1952, which through amendments placed 
emphasis on prevention of major disasters 
and gave specified authorities to the 
Bureau of Mines concerning dangers that 
could lead to a mine explosion, mine fire, 
mine inundation, or man-trip or man-hoist - 
accidents. However, these powers did not 
apply to any mines in which less than 15 
persons were regularly employed in under- 
ground workings. The Federal Coal Mine 
Safety Act Amendments of 1965 (Public 
Law 89-376), approved March 26, 1966, 
removed the mine-size limitations and 
extended the provisions of the 1952 act to 
all underground mines regardless of the 
number of men working underground. 
Subsequent to the gas and dust explo- 
sion in the Consol No. 9 mine, Farming- 
ton, West Virginia, in November 1968, leg- 
islative hearings on a new coal mine 
health and safety bill culminated in the 
“Federal Coal Mine Health and Safety Act 
of 1969” (Public Law 91-173), which was 
approved December 30, 1969. This measure 
repealed the former legislation, established 
comprehensive, interim, mandatory, health 
and safety standards, and directed the Sec- 
retary of Health, Education, and Welfare 
and the Secretary of the Interior to 
develop and promulgate improved manda- 
tory standards covering all factors for the 
protection of the health and safety of coal 


1 Chief, Office of Accident Analysis, Office of 
Deputy Director for Health and Safety. 
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miners. Operators of coal mines, regardless 
of size or kind of mine, and coal miners 
are required to comply with the standards. 
Regulations for the protection of the 
health of miners became prominent for 
the first time, particularly those relating to 
dust and noise levels. The act also pro- 
vides for payment of compensation by the 
Federal Government to coal miners dis- 
abled due to coal-workers’ pneumoconiosis 
arising out of employment in an under- 
ground coal mine. 

The first Federal legislation on health 
and safety in metal and nonmetal mines, 
the Federal Metal and Nonmetallic Mine 
Safety Act (Public Law 89-577), was 
approved September 16, 1966. It covers all 
mines extracting minerals, except coal and 
lignite, in nonliquid form, or, if in liquid 
form, with workers underground, and the 
milling of such minerals. The Secretary of 
the Interior was directed to develop, after 
consultation with advisory committees, and 
promulgate health and safety standards for 
the protection of life, the promotion of 
health and safety, and the prevention of 
accidents in mines and mills subject to the 
act. Enforcement authority was provided. 
The first health and safety standards pro- 
mulgated under the act were published in 
the Federal Register, v. 34, No. 145, July 
31, 1969, pp. 12503-12527. These standards 
became fully effective, in accordance with the 
law, 1 year later, on July 31, 1970. 
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Scope of Report.—The statistics in this 
chapter comprise the injury and work 
experience of all personnel engaged in pro- 
duction, exploration, development, mainte- 
nance, repair, and force-account construc- 
tion work, including supervisory and 
technical personnel, and working partners 
at mineral-producing and mineral-process- 
ing cstablishments in the United States. 
Data concerning officeworkers are excluded 
except for the oil and gas industry for 
which such data are not separable. 

The coverage of all industries is com- 
plete except for oil and gas, in which cov- : 
erage varies from year to year, particularly 
with respect to small companies. The 1969 
data were collected and compiled by the 
Division of Statistics with continued 
modification of procedures. These modifi- 
cations affect only the figures on men 
working, days active, and man-days. All 
injury rates were calculated from 
unrounded data and in some instances 
cannot be reproduced from the rounded 
data shown in the tables. 

Most of the information was reported by 
the producer or operator, but to obtain 
complete coverage it was necessary to esti- 
mate some worktime data for non reporting 
plants with information from other 
sources. Injury experience for these nonre- 
porters was not estimated, but was pro- 
jected from the aggregate injury experience 
of reporters in the same industry. 


MINERALS 


METAL MINES AND MILLS 


All general measures of injury experi- 
ence at both metal mines and mills 
worsened in 1969. Fatalities at mines and 
mills totaled 68 and occurred at a fre- 
quency of 0.48, compared with correspond- 
ing data of 59 deaths at a rate of occur- 
rence of 0.40 in 1968. The total of 3,730 
nonfatal injuries, 355 more than in the 
preceding year, had a rate of occurrence of 
23.50 per million man-hours compared 
with 22.67 in 1968. | 

At all metal mines in 1969 there were 
62 fatal and 3,110 nonfatal injuries, both 
well above the corresponding totals in the 
preceding year. Although there was a sub- 
stantial gain in man-hours of exposure, the 
injury frequency rate increased to 30.52 
and the severity rate to 5,124 days lost per 
million man-hours in 1969 (table 1). 


The safety record at metal mills showed 
a similar regression from that of 1968. The 
six fatal and 620 nonfatal injuries had fre- 
quency and severity rates of 11.42 and 
1,173 in 1969, and each of these general 
measures was higher than in 1968. 

At copper mines in 1969 the fatality 
record was improved but nonfatal injury 
experience was worse. The 15 deaths were 
three less than in 1968, and, largely as a 
result of this reduction, the injury-severity 
rate was lowered appreciably to 3,404 in 
1969. However, the total of 755 nonfatal 
injuries was 154 higher than in 1968, and 
the rate of occurrence for all injuries at 
copper mines increased slightly to 18.59 
despite the large gain in man-hours of 
work. Most general measures of injury 
experience at copper mills increased in 
1969. There was one fatality in both 1969 
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and 1968, but nonfatal injuries increased 
to 170 in the current year. As a result, thc 
frequency and severity rates of injuries, 
respectively 10.53 and 2946, were higher 
than in 1968. Operating activity, as meas- 
ured by man-hours worked, was substan- 
tially higher in 1969 at both mines and 
mills. 

Al general measures of injury experi- 
ence for gold-silver lode and placer mines 
were improved in 1969, but this better- 
ment was offset by a regression in experi- 
ence for the associated mills. At the mines, 
there were seven fatal and 315 nonfatal 
injuries compared with corresponding 
figures of 10 and 320 in 1968. The result- 
ing injury rates of 47.55 for frequency and 
9,759 for severity in 1969 were moderately 
below those for the preceding year. At 
gold-silver mills the one fatal and 15 non- 
fatal injuries in 1969 were well above simi- 
lar data of no fatalities and four nonfatal 
injuries during the preceding year. Hence, 
both the frequency and severity rates, 
respectively 21.98 and 9,021, were markedly 
worse than in 1968. 

The safety record at iron mines in 1969 
was better than in 1968 in all aspects 
except the injury-frequency rate, which at 
17.54 was slightly higher. Totals of six 
fatal and 435 nonfatal injuries and the 
severity rate of 2,182 were each lower than 
the corresponding data for 1968. However, 
at iron mills all measures of safety per- 
formance were worse in 1969. Two fatal 
and 150 nonfatal injuries compared unfa- 
vorably with no fatalities and 135 nonfatal 
injuries in 1968. As a result, the injury-fre- 
quency rate of 8.72 was higher and the 
severity rate of 962 in 1969 was more than 
double that of 1968. The rate of opera- 
tions, gaged by worktime, was appreciably 
lower in 1969 at the mines, whereas at the 
mills it was slightly higher. 

At lead-zinc mines each of the general 
measures of injury experience retrogressed 
in 1969. The 15 fatal and 1,050 nonfatal 
injuries were respectively two and 153 
higher than in 1968. The resulting rate of 
occurrence, 66.57, and the severity rate, 
8,458, both were markedly worse than in 
the preceding year. At lead-zinc mills, 
there was one fatality compared with none 
in 1968, but the total of 70 nonfatal inju- 
ries was 22 less than in the preceding year. 
The frequency rate of injuries in 1969 was 
improved to 24.33, but the severity rate of 
3,155 was markedly higher than in 1968. 
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Man-hours of worktime in 1969 were 
slightly higher at both mines and mills. 

The 12 fatalities at uranium mines in 
1969 were double the total for 1968, and 
as a result of this increase, the injury- 
severity rate worsened to 10,805, also 
double that for 1968. Nonfatal injury expe- 
rience was better than in 1968, and the 
total for 1969 decreased to 245. Hence, the 
frequency rate for fatal and nonfatal inju- 
ries was lowered to 33.06 per million 
man-hours. At uranium mills, no fatalities 
occurred in 1969, whereas there was one in 
1968. However, nonfatal injuries increased 
by 22 to a total of 60 in 1969. The result- 
ing injury-frequency rate of 17.30 was 
nearly double that of 1968. Owing to the 
absence of fatal injuries, the severity rate 
of 481 was only one-fourth that in the 
preceding year. 

In 1969, all general measures of safety 
performance at both mines and mills 
working miscellaneous metals (bauxite, 
mercury, titanium, tungsten, etc.) regressed 
appreciably. At the mines, the occurrences 
of seven fatal and 310 nonfatal injuries 
compared, respectively, with three and 243 
in 1968. The resulting frequency rate of 
46.84 and the severity rate of 7,555 were 
sharply worse than in 1968. At miscella- 
neous metal mills, there were one fatal and 
155 nonfatal injuries, whereas in 1968 
there were no fatal and 135 nonfatal inju- 
ries. The injury rates of 11.21 for frequency 
and 1,092 for severity both were markedly 
higher than in 1968. 


NONFERROUS REDUCTION AND REFINING 
PLANTS 


Injury experience measures at nonfer- 
rous metal smelting, reducing, and refining 
plants worsened appreciably in 1969. The 
numbers of both fatal and nonfatal inju- 
ries increased markedly, and there were 
substantial increases in both injury-fre- 
quency and injury-severity rates. There 
were 15 fatal and 1,565 nonfatal injuries 
compared with four and 1,155, respectively, 
in 1968. The injury-frequency rate of 12.61 
in 1969 was 19 percent higher than in 
1968, and the injury-severity rate of 1,293 
days lost per million man-hours was 78 
percent above that of last year. 

The safety record was worse during 1969 
in all aspects at copper, lead, zinc, and alu- 
minum smelting and refining plants in 
1969 (table 3). At plants reducing and 
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refining miscellaneous nonferrous metal, 
there were no fatalities in either 1969 or 
1968, but nonfatal injuries increased to 45 
in 1969. As a result, the frequency rate of 
injuries increased sharply to 7.64 per mil- 
lion man-hours. However, the injury-sever- 
ity rate of 254 at these plants was well 
below that for 1968. This was the sole gen- 
cral measure of injury experience in which 
there was improvement throughout the 
nonferrous metal reducing and refining 
industries during 1969. 

Operating activity, as measured by man- 
hours worked, was higher in 1969 than in 
1968 in each of the industry groupings of 
smelting and refining plants. Aggregate 
worktime at all plants in 1969 was slightly 
more than 125 million man-hours com- 
pared with 109 million in 1968. 


NONMETAL (EXCEPT STONE) MINES ` 
AND MILLS 


The combined safety record of nonmetal 
mines and mills was improved in all 
respects in 1969. The 27 fatal and 2,360 
nonfatal injuries were, respectively, 12 and 
112 fewer than in 1968. The resulting fre- 
quency rates of 0.28 for fatal and 24.16 for 
nonfatal injuries in 1969 were well below 
the corresponding respective rates of 0.39 
and 24.87 in the preceding year (tables 
4-5) . 

At clay-shale mines all measures of 
injury experience worsened in 1969. There 
were four fatal and 200 nonfatal injuries 
compared with one fatal and 175 nonfatal 
injuries in 1968. The frequency rate of 
25.68 for all injuries in 1969 was sharply 
higher, and the severity rate of 3,881 was 
nearly double that of the preceding year. 
At clay mills, the six fatalities were four 
more than in 1968, and as a result, the 
severity rate for all injuries increased to 
2,427 in 1969. Although the total of 860 
nonfatal injuries was 94 less than in 1968, 
the frequency rate for all disabilities 
increased slightly to 30.41 in 1969 owing to 
lessened man-hours of exposure. 


There were no fatalities at gypsum 
mines, compared with one in 1968, and as 
a result the severity rate of all injuries was 
improved sharply to 517 in 1969. Nonfatal 
injuries increased by one to a total of 20 
in 1969, and the resulting frequency of all 
injuries, 11.06, was slightly higher than in 
1968. The safety record at gypsum mills 
worsened in all measures of safety per- 
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formance. There were one fatal and 30 
nonfatal injuries compared with corre- 
sponding figures of none and 21 in 1968. 
The injury-frequency rate of 7.84 was 
higher and the severity rate, 2,021, was 
nearly 8 times higher than in 1968. 


Fatality experience worsened in 1969 at 
both mines and mills in the phosphate 
rock industry. The three fatalities in the 
mines and one in the mills were more 
than in 1968 and were responsible for the 
sharply increased injury-severity rates of, 
respectively, 3,708 and 1,726 for 1969. How- 
ever, nonfatal injury experience was 
improved markedly, and the totals of 70 
nonfatal injuries at mines and 30 at mills 
were, respectively, 93 and 21 below 1968 
data. Owing to these reductions, the injury- 
frequency rates of 11.90 for the mines 
and 7.28 for the mills were markedly 
better than in 1968. 


At potash mines the total of four fatali- 
ties was double the number in 1968, and 
this increase was primarily responsible for 
the sharply worsened injury-severity rate of 
7,328 in 1969. There were no fatalities in 
either year at potash mills. The nonfatal 
injury record was better in 1969 at both 
mines and mills. The reduced totals of 
nonfatal injuries, 130 at mines and 25 at 
mills, resulted in improved injury- fre- 
quency rates of 33.84 and 13.98, respec- 
tively, for 1969. 


. All measures of safety performance were 
improved in 1969 at salt mines. The 
reduced totals of two fatal and 170 nonfa- 
tal injuries resulted in decreased frequency 
and severity rates of 42.23 and 5,688, respec- 
tively. There was a major disaster in 1968 
from a shaft fire at a Louisiana salt mine 
in which 21 men died. No work fatalities 
occurred at salt mills in either 1969 or 
1968. However, the number of nonfatal 
injuries increased to 215 in 1969, and the 
frequency rate worsened to 27.71. The 
injury-severity rate was improved to 466, 
compared with 535 in 1968. 

Virtually all native sulfur is produced 
by the Frasch process through wells by 
solution mining. Any processing after min- 
ing by this process is not separable from 
the mining activity. There were no fatali- 
ties in either 1969 or 1968 at sulfur mines. 
However, nonfatal injuries increased to 95 
and the resulting injury-frequency and 
injury-severity rates increased to 18.37 and 
976, respectively, in 1969. There was no 
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reported work activity at sulfur mills 
during 1969. 

At miscellaneous nonmetal (barite, 
boron minerals, feldspar, fluorite, mica, 
talc, etc) mines fatalities decreased to 
four, but nonfatal injuries increased to 200 
in 1969. The resulting frequency rate of 
34.86 was higher than in 1968, and the 
severity rate improved to 4,963. At mills, 
the totals of two fatal and 315 nonfatal 
injuries were higher than in 1968, and 
both the frequency and severity rates, 18.92 
and 1,584, respectively, worsened in 1969. 


STONE QUARRIES AND MILLS 


The overall safety record of all stone 
operations in 1969 was an improvement in 
fatality experience but a slight worsening 
in the nonfatal injury record. Fatalities 
were lowered to 53, and this reduction was 
primarily responsible for the improved 
injury-severity rate of 2,635 in 1969. Non- 
fatal injuries increased to 3,390, and, as a 
result, the frequency rate worsened slightly 
to 18.41 in 1969 (table 6) . 

All general measures of safety perform- 
ance were improved at cement operations 
during 1969. The totals of eight fatal and 
350 nonfatal injuries were both lower than 
in 1968. The resulting injury rates of 6.45 
for frequency and 1,429 for severity were 
lower than in the preceding year. 

Injury experience worsened at granite 
operations in 1969. Five fatal and 395 non- 
fatal injuries resulted in frequency and 
severity rates of 25.78 and 3,287, respec- 
tively. Each of these measures was worse 
than in 1968. | 

The fatality record at lime operations 
was improved but nonfatal injury experi- 
ence worsened in 1969. Work deaths were 
reduced to three, and this reduction was 
principally responsible for the improved 
severity rate of 1,962. However, nonfatal 
injuries increased sharply to 355, and the 
resulting frequency rate of 19.60 was well 
above that of 1968. 

At limestone quarries and plants fatali- 
ties increased to 31 in 1969, and this 
increase was largely responsible for the 
worsening of the injury-severity rate to 
3,800, compared with 3,533 in 1968. 
Although nonfatal injuries increased to 
1,490 in 1969, the injury-frequency rate of 
22.58 was virtually unchanged from that of 
1968, owing to the increased man-hours of 
work in the current year. 

The fatality record at marble operations 
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worsened and the two fatalities, compared 
with none in 1968, were primarily respon- 
sible for the sharp worsening of the sever- 
ity rate of 4,418 for the current year. Non- 
fatal injuries decreased to 160 but, owing 
to the reduced worktime, the injury-fre- 
quency rate increased to 31.42. 

At sandstone operations, fatalities were 
reduced to two, four less than in 1968, and 
this reduction was responsible for the 
sharp improvement in the injury-severity 
rate of 2,250 in 1969. However, nonfatal 
injuries increased to a total of 245 and 
caused the injury- frequency rate to 
increase to 25.31 in 1969. 

Safety performance was improved at 
slate plants in 1969. There were no fatali- 
ties in either 1969 or 1968. Nonfatal inju- 
ries were decreased to 75, and the injury- 
frequency and injury-severity rates were 
lowered to 30.83 and 480, respectively, in 
1969. 

There were two fatal and 230 nonfatal 
injuries at traprock quarries, compared 
with two and 218, respectively, in 1968. 
The resulting injury-frequency rate for 
1969 worsened to 25.07. 'The injury-severity 
rate was improved to 2,120 owing to an 
apparent reduction in the overall serious- 
ness of the nonfatal injuries. 

At miscellaneous (gneiss, schist, quartz, 
etc) stone operations, fatality experience 
was improved, but the nonfatal injury 
record worsened in 1969. There were no 
fatalities, compared with two in 1968, and 
this reduction was primarily responsible 
for the sharply improved severity rate of 
1,224 in 1969. However, the increase to 85 
nonfatal injuries resulted in a worsened 
frequency rate of 25.69 in 1969. 


SAND AND GRAVEL OPERATIONS 


The fatality record worsened, but the 
nonfatal injury experience was improved 
at sand and gravel operations in 1969 
(table 7). Fatalities increased to 31, or five 
more than in 1968, and this increase was 
primarily responsible for the worsening of 
the injury-severity rate to 3,025 in 1969. 
The total of 1,930 nonfatal injuries, 62 less 
than in 1968, coupled with the increased 
man-hours of work, resulted in an 
improved frequency rate of 20.82 in 1969. 


SLAG (IRON-BLAST-FURNACE) OPERATIONS 


The fatality record at slag plants wors- 
ened to three deaths, two more than in 
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1968, and the injury-severity rate increased 
to 6,061, owing principally to the larger 
number of deaths (table 8). Nonfatal 
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injuries were reduced to 49, or eight fewer 
than in 1968, and the injury-frequency 
rate was reduced to 14.55 for 1969. 


MINERAL FUELS 


The overall safety record of the mineral 
fuels industries was less favorable in 1969 
than in 1968 owing to a regression in non- 
fatal injury experience which more than 
offset the better fatality experience. The 
total of 19,411 fatal and nonfatal injuries 
occurred at a frequency of 15.94 per mil- 
lion man-hours, 4 percent higher than the 
1968 rate of 15.36. The 313 work fatalities 
with a frequency of occurrence of 0.26 in 
1969 were respectively 107 less and 21 per- 
cent lower than the comparable figures of 
420 deaths at a rate of 0.33 in 1968. Non- 
fatal injuries totaled 19,098 in 1969, 155 
more than in 1968, and occurred at a fre- 
quency of 15.69 per million man-hours, 4 
percent above that of 15.03 in the preced- 
ing year. Of the major industry groups 
(tables 9-13) the coal mining and peat 
industries had better injury-frequency and 
injury-severity rates in 1969, whereas, the 
coke and native-asphalt industries had 
worse injury rates than in 1968. The oil 
and natural gas industries had an 
increased rate of occurrence of injuries and 


the injury-severity rate was virtually 
unchanged. 

COAL MINES 
Overall injury experience (fatal and 


nonfatal) of the coal mining industry was 
improved in 1969. The injury-frequency 
rate of 42.07 work injuries per million 
man-hours of exposure was ] percent 
lower than in 1968, and the injury-severity 
rate, 7,309 days lost per million man-hours, 
declined 30 percent owing to a 35-percent 
decrease in the number of fatalities 
reported (table 9). 

Work fatalities in 1969 totaled 203 and 
occurred at a frequency rate of 0.85 per 
million man-hours of worktime. These 
data established new record annual lows 
for the total number and for the fre- 
quency rate of fatal injuries. The previous 
low records were 222 fatalities in 1967 and 
0.90 fatal injuries per million man-hours 
in 1950 and in 1953. In 1968, the 311 work 
deaths included 87 lives lost in two major 
disasters, nine in one and 78 in the second 
disaster. The year 1969 was the seventh in 


statistical history in which no major disas- 
ters (a single accident which results in the 
death of five men or more) occurred in 
coal mines. The 6 preceding years were 
1949, 1950, 1955, 1956, 1964, and 1967. The 
improved fatality record in 1969 resulted 
entirely from the better experience at bitu- 
minous coal mines, which more than offset 
the sharply worsened fatality record at 
anthracite mines. 


Nonfatal injuries increased to 9,800 in 
1969, 161 more than in 1968, and the fre- 
quency rate of these injuries increased 
slightly to 41.21 per million man-hours 
from 41.12 in 1968. 

Bituminous Coal and Lignite Mines.— 
Fatality experience of 190 fatalities at an 
occurrence rate of 0.83 per million man- 
hours worked set new record low points 
for the bituminous coal and lignite mining 
industries. The previous low annual 
records were 213 fatalities in 1967 and 0.89 
fatal injuries per million man-hours in 
1953. In 1968, when there were two major 
disasters, the total of 307 fatalities resulted 
in a frequency rate of 1.37 per million 
man-hours worked. 

By general work locations, the fatalities 
in 1969 were distributed as follows: Under- 
ground workings, 141; associated surface of 
underground mines, 15; strip mines, 25; 
auger mines, three; and mechanical clean- 
ing plants, six. In underground workings, 
work-deaths from falls of roof, face, and 
rib dropped 21 percent to 77 in 1969 from 
98 in 1968. However, fatalities from the 
next ranking causes of fatal accidents, haul- 
age and machinery, increased in 1969. 
Haulage accidents at all work locations 
resulted in 45 deaths compared with 37 in 
1968. There were 39 deaths from machin- 
ery accidents compared with 25 in 1968. 

An estimated 9,360 nonfatal injuries 
during 1969 resulted in a frequency rate of 
41.12 per million man-hours worked. This 
total was 225 more than in 1968, and the 
frequency rate was slightly higher than the 
1968 rate of 40.89. 

Owing primarily to the better fatality 
experience, the injury-severity rate for 
bituminous coal and lignite mines was 
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lowered sharply to 7,207 days lost per mil- 
lion man-hours in 1969. 

Anthracite Mines.—Fatality experience for 
Pennsylvania anthracite mines retrogressed 
in 1969. The 13 work deaths reported for 
the year occurred at the rate of 1.28 per 
million man-hours worked. Comparable 
data for 1968 were four fatalities at a fre- 
quency rate of 0.36 per. million man-hours. 
Of the fatalities reported for 1969, seven 
occurred in underground workings, one 
was in the associated surface works of an 
underground mine, three were at strip 
mines, and two were at mechanical clean- 
ing plants. 

The total of 440 nonfatal work injuries 
at anthracite mines was 13 percent lower 
than the 1968 total of 504, and the fre- 
quency rate declined 5 percent to 43.32 in 
1969 from 45.77 per million man-hours in 
1968. 

At anthracite mines, the injury-severity 
rate of 9,586 days lost per million man- 
hours in 1969 was more than double that 
of 1968 as a result of the worsened fatality 
record. 


COKE OPERATIONS 


Injury experience in the coking industry 
worsened appreciably in 1969. There were 
15 fatal and 231 nonfatal injuries, respec- 
tively, eight and 27 more than in 1968. As 
a result, the frequency rate of all injuries 
increased to 6.39 per million man-hours, 
and the severity rate to 2,533 days lost per 
million man-hours (table 11). 

Slot Ovens.—Fifteen fatalities, eight 
more than in the preceding year, and 216 
nonfatal injuries, 32 more than in 1968, 
occurred at slot-oven plants in 1969. The 
resulting frequency rate of all injuries, 6.05 
per million man-hours, was 18 percent 
higher than in 1968. Likewise, the severity 
rate retrogressed to 2,542 days lost per mil- 
lion man-hours, 36 percent higher than 
the 1968 rate. 

Beehive Ovens.—Injury experience at bee- 
hive-oven plants was better than in 1968. 
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There were no fatalities in either 1969 or 
1968, and the total of 15 nonfatal injuries 
was five less than in 1968. Consequently, 
the injury-frequency rate declined 19 per- 
cent to 42.74, and the injury-severity rate 
declined 14 percent to 1,598. 


OIL AND GAS OPERATIONS 


The totals of 95 fatal and 9,023 nonfatal 
injuries in the oil and gas industries 


during 1969 were, respectively, seven and 


46 less than in 1968 (table 10). However, 
there was a larger proportional decline in 
worktime to a total of 939 million man- 
hours in 1969. Consequently, the injury- 
frequency rate of 9.71 for all injuries was 
5 percent higher than the 1968 rate of 
9.29. The injury-severity rate, 983 days lost 
per million man-hours worked, was changed 
only slightly from the 1968 rate of 985. 


PEAT 


The safety record of the peat industry 
was better in 1969. There were no fatali- 
ties in either 1969 or 1968, and the eight 
nonfatal injuries matched the correspond- 
ing figure for 1968 (table 12). However, 
there was a moderate increase in worktime 
to a total of 831,000 man-hours in 1969. As 
a result, both the injury-frequency and 
injury-severity rates, respectively 9.62 and 
184, was improved over similar rates for 


1968. 


NATIVE ASPHALT 


Injury experience in the native asphalt 
industry (bituminous limestone, bitumi- 
nous sandstone, and gilsonite operations) 
worsened in 1969. There were no fatalities 
in either 1969 or 1968, but the total of 36 
nonfatal injuries was 13 more than in 1968 
(table 13). Consequently, the injury-fre- 
quency rate increased 38 percent to 37.93 
per million man-hours of exposure. The 
injury-severity raie, 733 days lost per mil- 
lion man-hours, was 9 percent higher than 
in 1968. 
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Table 1.—Worktime and injury experience at metal mines in the United States, 
by industry groups 


Average Man- Man- Number of Injury rates per 
men Average days hours injuries million man-hours 
Industry and year working da worked worked —— n ' Á h 
daily active (thou- (thou- Fatal  Non- Fre- Severity 
sands) sands) fatal quency 
Copper: 
1988. 16, 880 298 5,088 40, 285 19 896 22.71 4,348 
1960 ? 16,278 817 5,164 41,323 29 976 24.18 4,856 
19067... 25s ete mL 17,258 218 3,760 30, 064 19 654 22.39 5, 520 
1% 15,492 267 4,168 33, 461 18 601 18. 50 4, 146 
1986 f 8 16, 600 309 5,184 41, 465 15 755 18.59 8,404 
Gold-silver (lode-pl'acer): 
1966... nouas 4,074 241 982 1,896 4 264 33.94 5,970 
1960... A ee 8,847 236 907 7,254 10 305 43.4 9,846 
ee S, 3,611 237 855 6,844 8 268 39.60 10,022 
1968......... 8 8,681 221 824 6,610 10 820 49.98 12,433 
i 19095... 2 onam 8,600 234 845 6,770 7 815 47.55 9,759 
ron 
AL WEEN 14,439 278 8,942 31,752 5 510 16.22 1,727 
19% uu s SSS 14,056 277 8,898 31,360 13 553 18.05 8,526 
196 Co ee setae ; 282 8,600 28,859 11 478 16.94 2,846 
1968: .. oce : 285 8,415 27,388 7 463 17.16 2,968 
1969»... .. .ẽ 11,500 271 8,141 25,195 6 485 17.54 2,182 
Lead-zinc 
§Ü es ee 8,805 259 2,279 18,240 17 1,089 60.64 8,128 
1966....... ee EC , 692 261 2,278 18,212 15 1,096 61.00 8,108 
196(. 5: 8 7,781 252 1,962 15,727 15 918 59.01 8,568 
I. snc 7,518 258 1,978 15,749 13 897 57.78 7,459 
1969 9 .. 7, 500 262 1,993 15, 970 15 1. 050 66. 57 8,458 
Uranium 
1 /«⁵· mD 3, 654 211 771 6,205 10 282 47.06 12,144 
1960. A 8,604 204 785 5,945 7 210 86.50 8,845 
/ gs 8,745 228 884 6,751 5 312 46.95 7,189 
1908. L1 ce mE 4,552 219 1,024 8,564 6 812 37.13 5,426 
19699 icon orum 4,400 218 957 1,805 12 245 33.06 10,805 
Miscellaneous 
4900 EE 3 , 568 277 987 1,898 8 201 82.16 8,467 
%% . 9 , 448 281 967 7,762 7 295 88.91 1,955 
EE 8,329 288 943 7,549 8 261 35.64 8,455 
// ³˙·ww 3,047 284 867 6,920 8 248 85.55 5,045 
T era Rente 2,900 292 842 6,765 7 810 46.84 7,555 
otal: ! 
1. A 51, 420 272 13,994 112,277 58 3,292 29. 84 4, 704 
1968%½)½%9s9ssss 8 49, 920 279 18,944 111, 857 75 3,435 31.38 5, 736 
1901/2. co m secte 48,496 246 11,953 95,794 66 2,881 80.76 5,881 
1989898 cee cee 46,180 263 12,271 98,693 57 2,886 29.31 4,910 
1969 p... —— 46,500 277 12,968 108,975 62 3,110 30.52 5,124 


p Preliminary. 
1 Data may not add to totals shown because of rounding. 
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Table 2.—Worktime and injury experience at metal mills in the United States, 
by industry groups 
Average Man- Man- Number of Injury rates per 
men Average days hours injuries illion man-hours 
Industry and year working days worked worked 
daily active (thou- (thou- Fatal  Non- Fre- Severity 
sands) sands) fatal quency 

Copper: 

A 5, 190 885 1,787 13,897 e 90 6.48 864 

19606... es See 5, 369 344 1,847 14,765 = 75 5.08 894 

1961. ees etnias 5,953 228 1,358 10,868 8 112 10.59 2,106 

1968... core ee EU a 5,612 286 1,621 12,969 1 135 10.49 894 

1969 EEN 6,200 829 2,045 16,335 1 170 10.58 946 
Gold-silver (lode-placer): 

1960 24 ete ee Soe 388 257 100 198 2 24 30.09 563 

UL 406 287 117 984 1 81 84.26 8,479 

CV 347 288 98 786 A 28 29.26 4,877 

/. 225 304 68 547 Sg 4 7.31 6,633 
I 1969 e . 800 818 85 680 1 15 21.98 9,021 

ron: 

/ ·˙ AAA 6,334 288 1,823 14,651 1 121 8.33 718 

1966__________ etd 6,293 299 1,881 15,090 8 117 7.95 1,615 

190 12:5 ace ee E 6,137 805 1,875 15,082 1 149 9.98 1,049 

19682 clou 6,579 821 2,129 17,071 d 135 T.91 426 

1969 p oce 7,200 804 2,177 17,440 2 150 8.72 962 
Lead-zinc: 

1965... é 1,271 278 853 2,825 2 76 27. 61 5,061 

1966- 8 1,449 268 889 8,104 SE 77 . 24.81 2,290 

19s U Su S SS: 1,410 251 854 2,885 1 78 27.86 3,430 

1968... .. 1 em co, sss 1,230 265 840 2,725 ee 92 88.77 2,816 

%% A 8 „300 267 858 2,885 1 70 24.88 8,155 
Uranium: 

1965-.--. y 1,248 813 891 8,112 " 71 22.81 1,718 

1966... eee 1,420 297 422 8,898 i 69 20.81 1,291 

19817. 5n lecce 1,518 281 427 8,419 ede 56 16.38 842 

1968.5: o cee 1,626 802 491 8,977 88 9.81 1,627 

1969 0 o 5c. 1,500 302 442 8,585 z š 60 17.30 481 
Miscellaneous 

Eege ere 5,058 881 1,671 18,873 = 90 6.73 221 

198 8 5, 238 325 1.701 13, 760 3 206 15. 19 2,192 

VT 5, 563 315 1,752 14,015 2 169 12. 20 1.178 

1988 c 5, 026 321 1.612 12, 893 B 185 10.47 720 
S er „VCC 5, 900 298 1.757 13, 920 1 155 11.21 1.092 

otal: ! 

1966. ¿2 Lulu Sus 19,484 812 6,074 48,657 8 472 9.76 798 

1966 §öo mm EE 20, 175 315 6,857 51, 050 7 575 11.40 1,563 

// o Ln s, 23 20,928 280 5,863 46,951 7 587 12.65 1,488 

19388 —„-“”'”? 20, 298 306 6,262 50, 182 2 539 10.78 888 

1969 v... 22,900 807 6,861 54,800 6 620 11.42 1,178 


P Preliminary. 


1 Data may not add to totals shown because of rounding. 
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Table 3.—Worktime and injury experience at primary nonferrous reduction and 
refinery plants in the United States, by industry groups 


Average Man- Man- Number of Injury rates per 
men Average days hours injuries million man-hours 

Industry and year working days worked worked —— —— 

daily active (thou- (thou- Fatal  Non- Fre- Severity 
sands) sands) fatal quency 
Copper: | 
1960... os 10,875 384 3,635 29,060 8 814 10.91 1,257 
196 88 10,411 885 8,486 27,779 5 862 18.21 1,673 
111777§Üà 8 10, 750 226 2,484 19,471 2 26 0 18.46 1,219 
1968 ö§Ü eee 10,298 291 2,998 23,909 1 338 14.18 
Se Pon Dentes Eo uL 11,700 832 8,892 31,030 4 470 15.28 1,627 
a 
1 3·o 88 2, 826 301 701 5, 608 1 74 18.87 2,897 
1956. 8 2,508 317 795 6, 360 3 105 16.98 3,392 
KL EE 2,031 289 587 4,679 S 110 29.51 1,546 
1968.2. c als a 2,966 293 698 5,543 1 126 22.91 2,484 
T 19095... 8 2,600 843 894 7,150 2 195 27. 68 2, 668 
inc: 
19868 8 7,128 340 2,426 18,971 4 284 15.18 1,897 
1966 TED 7,086 330 2,337 18,432 1 838 18.39 895 
IJ Ebro 2 7,280 816 2,8904 18,426 5 289 15.96 2,493 
. kn , 115 834 2,246 17,972 x 885 18.64 
1969 5... oon 6,500 857 2,919 18,555 6 385 21.18 2,675 
Aluminum 
19858öoĩ m 19, 582 343 6,712 52,048 3 278 5.40 629 
or 18,872 348 6,398 50,986 M 228 .47 868 
/// uama as 20,508 847 7,107 56,854 1 245 4.88 499 
19688389. 8 20, 059 346 6,937 55, 805 2 324 5. 84 468 
1989 88 22, 200 352 7,805 62,455 3 465 7.58 660 
Miscellaneous: 

965 .-. .ocnasscosauss 1,716 288 48b 8,880 1 21 5.67 1,795 
1966... c oe ette 2,024 851 711 5, 699 = 34 5.97 763 
1967: cee 8 2,477 307 761 6,081 1 83 5.59 1,093 
1988 8 2, 096 344 720 5,783 eu 32 5.53 421 

i 1969 B... 2,200 846 773 6,155 e 45 7.64 254 
otal: ! 
1965 /,·Ü 8 41, 627 335 13,959 109, 567 12 97 8.97 1,173 
1960. oes 40,401 840 18,722 109,257 9 1,067 9.85 985 
1967 p32 WAA 48,046 807 18,194 105,511 9 93 8.97 1,029 
ö Ecc Ee 41,529 827 18,590 109,012 4 1,155 10.68 
1969 5»... ...........- 45,200 847 15,688 125,350 15 1,565 12.61 1,293 


p Preliminary. . 
! Data may not add to totals shown because of rounding. 
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Table 4.—Worktime and injury experience at nonmetal (except stone) mines in the 
United States, by industry groups 


Injury rates per 


Average Man- Man- Number of 
men Average days hours injuries ion man-hours 
Industry and year working days worked worked 
daily active (thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 
Clay-shale 
19868 LL z ¿zas 5,544 220 1,217 9,877 4 291 29.87 4,084 
1966. 8 5,776 219 1,266 10,316 2 281 27.49 2,147 
i | EX 5,218 227 1,182 9,607 2 247 25.92 1,967 
S) ee 4,785 218 1,044 8,496 1 175 20.72 1,956 
1969». — .w³ ncn 4,600 210 978 7,985 4 200 25.68 ,881 
Gypsum: 
/// / aa 970 255 247 2,001 2 19 10.49 6,439 
%% RR ER 985 244 228 1,848 e 28 12.45 8,748 
JJV ͤ E 891 249 222 1,799 1 12 7.28 8,628 
19638 lucos 898 254 228 1,889 1 19 10.88 8,518 
1909p. 1... AA 900 259 285 1,900 m 20 11.06 517 
Phosphate rock 
965... . iio 2,507 294 788 5,962 2 122 20.80 2,460 
1966_..._.___.. 8 ; 802 960 7,791 5 161 21.31 4,929 
CCC 3,181 272 865 6,991 3 160 28.82 8,554 
1968... ...--------- 2,822 278 771 6,249 2 163 26.40 2,654 
1969 p... lou mhz 2,600 288 784 5,965 8 70 11.90 8,708 
Potash: 
LEE 1,758 857 625 5,004 1 192 88.57 4,334 
1966... . Iu 1,934 857 690 5,516 4 209 88.61 5,668 
193 oix 1,918 828 627 5,017 8 168 88.09 4,713 
LOGS 8 I 826 581 4,245 2 157 87.46 8,495 
San 1969 . -- 1,400 846 495 8,960 4 180 83.84 71,828 
1965-......_.. .. 1,688 279 457 8,745 8 97 26.70 7,108 
RTL EE 1,809 279 504 4,104 2 90 22.42 4,871 
1961... 8 : 266 470 8,892 2 168 43.6 4,318 
19068... eros 1,762 216 486 8,961 24 175 50.23 89,168 
1909P.. cs a 1,700 280 496 4,070 2 170 42.28 5,688 
1908... Lc eon EE LER 1,871 368 497 4,466 2 55 12.76 8,078 
1966________.... . ... 1,491 860 587 4,632 ix 54 11.66 1,986 
13867: : 25 elo eere 1,640 865 598 4,788 2 54 11.71 2,878 
1968_____._.... . . . . 1,672 847 581 5,117 Keng 86 16.81 904 
1969 P... oe : 822 642 5,170 E 95 18.37 976 
Miscellaneous: 

96852... ( —— 8,481 242 881 6,706 7 218 82.81 9,127 
Eelere 3,599 234 841 6, 796 8 240 85.76 8,810 
196uü—im. ---------- 3,414 285 801 6,461 4 222 84.98 4,709 
1968... S s ¿S sss 8,061 232 711 5,725 6 178 32.14 7,268 

- né CCC 8,200 282 788 5,965 4 200 34.86 4,963 
otal: ! 
// AAA ED 17,214 268 4,612 37,760 2 989 26. 75 5, 048 
1986 ..:.:.2.:22 eR 18,727 268 5,027 41,008 16 1,058 26.19 8,586 
196 Cis cee ee 18 ,020 264 4,765 38,550 17 1,026 27.06 8,499 

9·öÜ—ͤ ͥ iuda 16,630 262 4,852 35,688 86 958 27.16 1,182 

1969 v9 16,400 261 4,318 35,020 17 885 25.79 ,024 
p Preliminary. 


1 Data may not add to totals shown because of rounding. 
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Table 5.—Worktime and injury experience at nonmetal (except stone) mills in the 
United States, by industry groups 


Average Man- Man- Number of Injury rates per 
men Average days hours injuries million man-hours 

Industry and year working days worked worked! —>ə—- Ü '— S T 

daily active (thou- (thou- Fatal  Non- Fre- Severity 
sands) sands) fatal quency 
Clay-shale: 
/. ³o·—Ü auaa 14, 186 264 8,788 80,116 5 890 29.72 2,041 
1966... ... A canna 15,608 270 4,214 34,028 3 1,020 80.06 2,101 
1901-225 m ERES 15,874 256 4,068 32,742 6 1,007 80.94 2,172 
1968... cs 88 14,764 265 3,929 31,576 2 954 80.28 1,506 
1969 vp 18,200 268 8,555 28,545 6 860 80.41 2,427 
Gypsum: ! 
1965... ec s: Os 2,890 288 817 6,557 a 25 3.81 588 
. 2 eed 2,589 269 696 5, 557 1 21 3.96 1.721 
1967.1 ¼mb odeurs 2,094 265 555 4,478 EN 15 3.85 
1 .. ceca es 1,688 269 441 8,613 mie 21 5.81 275 
HEEN ee woos 1,700 268 464 8,825 1 80 7.84 2,021 
Phosphate rock 
bg KP 2,476 812 779 6,198 4 54 9.86 5,194 
1963838 8 1.948 385 658 5,287 3 60 12.08 8,821 
1901... 86 2,042 297 607 54 1 55 11.54 8,420 
„ ai 1,632 803 495 8,964 - 51 12.87 600 
1969 0222 ous ones 1,600 806 495 3,985 1 30 7.28 1,726 
Potash 
1966 oe cece eee 1,126 857 402 8,214 ER 12 22.40 1,959 
1966... mtr 1,030 860 371 2,967 ER 47 15.84 2,028 
7 347 844 2,751 2 49 18.54 4,921 
1968... y 647 809 208 1,625 zs 42 25.85 0 
Soe 1969 ...--..-- 600 851 224 1,790 su 25 13.98 822 
196b eier 8,909 284 1,109 8,967 e 154 17.17 861 
r ee 8,814 292 1,112 8,898 2 162 18.43 1,787 
1 VW s es 8,704 289 1,047 8,898 Em 156 18.59 
1968 ees ,99 279 947 7,619 Sg 170 22.31 535 
1969 % :[Ä—.ꝝ! s 3, 500 276 970 7,795 un 215 27.71 466 
ur: 
1983 - en 10 305 3 24 a 2 81.97 82 
1966 Lune eco zw 2 800 1 b wa ( ᷣ ͤ „ 
yy cere 1 250 (2) 2 ES 1 500.00 12,500 
W966 EE %% eean oueon mw uaman ee —— sed 
1969 Poe 2225-5 vss 7 oe %% ð ᷣ x || ae 
Miscellaneous: 

9% ee 6,668 296 1,976 15,898 1 286 18.05 1,840 
1966... ĩð nx 7,015 286 2,006 16,118 2 254 15.88 1,541 
19017. cone Seca „72 289 1.944 15, 635 4 242 15.78 2,292 
9898988 8 6, 869 279 1,915 15,885 1 281 18.38 1,259 

mos re Dp PR i 290 2,091 16,805 2 815 18.92 1,584 
ota 
8 8 81,215 283 8,819 70,975 10 1,488 21.04 1,987 
„ 32, 001 283 9,052 72,810 11 1,564 21.68 2,080 
§Ü·Üũ 8 81,427 218 8,565 68,850 13 1,525 22.94 2,043 
I 28, 946 278 7,980 63,781 8 1,519 28.86 1,184 
1969 EEN 27, 900 279 7,800 62,745 10 1. 475 28.68 1,828 


p Preliminary. 

1 Beginning with 1965, includes data on certain mills not reported in prior years. 
2 Less than Le unit. 

s Data may not add to totals shown because of rounding. 
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Table 6.—Worktime and injury experience at stone quarries and mills in the 
United States, by industry groups 


Average Man- Man- Number of Injury rates per 
men Average da hours injuries ion man-hours 
Industry and year working days worked worked ——əƏ v. əƏ>xË—  Ñ[-.Q 
daily active (thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 
Cement: ! 
13 ⁵ 8 22, 947 319 7.822 58, 563 10 5. 82 1,399 
1966 %̃Rf/ em nc ELS ; 326 7,881 59,044 6 859 6.18 1,245 
1967... 222. 8 22,078 817 7,008 56,119 4 847 6.25 1,140 
1908... 2222 2222 j 320 7,025 56,218 10 380 6.94 1,568 
r / (( 22, 800 318 7,088 55, 840 8 350 6. 45 1.429 
Granite 
1966 oe ¼ͤůw·“u»wdn 8,956 243 2,176 18,284 6 409 22.70 2,966 
1966 EE 8,141 246 2,005 16,756 2 412 24.71 8,069 
/- ers , 858 249 1,958 16,351 8 401 24.71 2,296 
19988 .. 7,980 246 1,962 16,514 4 .50 8,155 
Lim 1969 CCC 7, 200 258 1,828 15,595 5 895 26.78 8,2817 
e: 
// 7,671 291 2,284 17,958 4 282 15.93 1,808 
1908... nere xoa ,467 299 2,286 18,089 6 19.46 , 269 
1 E ATE R , 164 282 2,190 í 5 285 16.49 2,417 
ULT ul, u SS 7,527 288 2,184 17,210 b 258 15.28 2,108 
1969 EEN , 800 292 2,281 18,215 3 855 19.60 1,962 
Limestone 
1965- ·ßÜ— 8 82,872 240 7,904 67,088 21 1,448 21.91 8,182 
EE 80,880 245 7,484 68,422 80 i 24.79 4,385 
/ 31,145 245 7,619 64, 907 26 1,429 22.42 8,327 
LEE 80,726 248 7,621 65,180 29 1,442 22.59 : 
M AH Beer 81,100 251 7,804 67,445 81 1,490 22.58 8,800 
arble 
1965.22.22. 8 2,584 249 681 5,165 2 181 85.48 8,803 
1966.2... ⁵1¹ö ou 2,958 255 768 6,178 1 218 84.64 28 
1960 ¹˙¹ ers 2,894 251 725 6,080 Ln 189 81.09 1,115 
1908...:2-20 8 2,806 246 691 5,782 Sie 174 80.09 2,184 
1969 p; ⁰ v 2,400 250 602 5,125 2 160 81.42 4,418 
Sandstone 
1966 pum 8 5, 745 227 1,305 10, 696 4 278 26.36 8,192 
% 252.9 renes ,44 240 1,808 10,895 8 814 29.10 2,789 
770A 8 5,012 241 1. 209 „047 m 242 24.09 
EE 282 1,194 9,858 6 287 24.65 4,408 
T 1969 / é 4, 800 247 1. 177 9,760 2 245 26.81 2,250 
8 
1965.5. uu sso isst adaa 1,232 262 822 2,680 RE 84 81.98 T 
1960.2..52 ces RES 1,876 266 866 2,975 1 T9 26.89 2,162 
1961.2: A 1,423 260 871 8,024 8 100 84.06 6,611 
f. 1, 880 261 360 2, 907 Ze 91 81.80 
1969 P`... 1,200 250 291 2,400 22 75 80.88 480 
Traprock 
. w —À Xss 5,580 218 1,180 9,855 1 215 21.92 1,166 
19606..2.24 42 5,562 221 1,281 10,263 1 241 23.58 1,975 
19) exe c edu 4,794 224 1,075 8,940 4 210 28.94 8,281 
1968 EE ,08 242 1,096 9,088 2 218 24.22 , 185 
1969 P. ce Secs 4,600 248 1,106 9,255 2 280 25.07 „12 
Miscellaneous 
196b... acu s 2,098 220 460 8,811 TR TT 20.21 1,416 
1966.2; io Ls ss 1,889 211 898 8,216 1 78 24.56 2,028 
1 8 1,807 217 898 8,176 1 64 20.47 2,988 
1968 8 „04 227 462 3,918 2 76 19.91 3,794 
m 1069 CCC 1. 800 228 406 8,850 ee 85 25.69 b 
otal: 2 
ME uz 89,580 268 28,585 194,000 48 3, 305 17. 28 2,330 
19660... asun 22m ier 85,826 269 23,113 190,787 51 8,588 19.05 2,852 
/ EDS AE 84,765 266 22,548 186,227 46 8,267 17.79 2,808 
1968 .......- 84,084 268 22,548 186,620 58 8,260 17.78 2,700 
1969 9. 88,100 212 22,588 186,980 58 8,890 18.41 2,685 
p Prelimi 


1 Includes burning or calcining and other mill operations. 
2 Data may not add to totals shown because of rounding. 
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Table 7.—Worktime and injury experience at sand and gravel plants in the 
United States 


Average Man- Man- Number of Injury rates per 
men Average days hours . injuries million man-hours 
Year working days worked | worked ——— ð̊tyß — —ʒð —ʃb:ͤ4 
daily active (thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 
1965... ""-————— S 04,159 221 11,947 100,088 40 1,870 19.08 8,214 
EE 55,344 225 12,459 104,971 85 2,098 20.32 2,901 
NEE 52,363 216 11,296 96,645 82 1,919 20.19 2,933 
1968 usual us 49,901 219 10,930 93,156 26 1,992 21.66 2,688 
1969 2 2-2. -.-.---- 50,100 219 10,961 94,195 81 1,930 20.82 8,025 


p Preliminary. 


Table 8.—Worktime and injury experience at slag (iron-blast-furnace) plants in the 
United States 


Average Man- Man- Number of Injury rates per 

men Average days hours injuries million man-hours 

Year working days worked worked — — O —— 
daily active (thou- (thou- Fatal  Non- Fre- Severity 
sands) sands) fatal quency 

// ³¹ ea Qa suu s 1,537 277 425 3,415 1 50 14.98 3,178 
/. ³Ü ͥͤ 1.472 277 407 3,332 S 44 18.20 709 
// MED 1,721 255 439 3,539 3 53 15.82 5, 762 
f., oð A iE ee 1,724 268 454 3,697 1 57 15.69 2,454 
1969 99ͤöÜ 8 1,610 271 442 3, 573 3 49 14. 55 6,061 


Table 9.—Worktime and injury experience at coal mines in the United States, 
by industry groups 


Aver age Man- Man- Number of Injury rates per 
men Average days hours injuries million man-hours 
Industry and year working days worked worked —— n —,r - s 
daily active (thou- (thou- Fatal  Non- Fre- Severity 
sands) sands) fatal quency 
Bituminous coal and lignite 
mines: 
1965... enlm 137,602 218 29,242 282,618 251 10,071 44.87 9,243 
%%% 8 135,952 213 28,928 230,087 227 9,617 42.78 7,900 
17 n Rakete 131, 562 220 28,910 229,415 213 9,506 42.86 7,817 
1 988.·ö˙ͤ 8 127, 535 221 28,144 223,406 307 9,135 42.26 10,825 
1969 ep 128,300 224 28,754 227,625 190 9,360 41.95 7,207 
Anthracite mines: 

OB c — 11,132 204 2,271 16,375 8 1,067 65.65 4,936 
Eeer 9,292 203 1,889 13,672 6 829 61.07 4,477 
EE 7,750 219 1,701 12,359 9 609 50.00 5,511 
60 6,982 217 1,508 11,011 4 504 46.18 4,182 

geg 129% FFF 6, 300 221 1,399 10,156 13 440 44. 60 9, 586 
ota 

LEE 148 , 734 212 31,518 248,988 259 11,188 45.77 8,960 
6 %rm 8 145, 244 212 30,811 243,759 233 10, 446 43.81 7,708 
17§ö·Ü˙ ebe 139,312 220 30,611 241,774 222 10,115 42.75 7,699 
1958. aculeo D Dien 134, 467 221 29,651 234,417 311 9,639 42.45 10,518 
1909 D... 4e 8 134,700 224 80,153 237,781 203 9, 800 42.07 7,309 


p Preliminary. 
Data may not add to totals shown because of rounding. 


Table 10.—Worktime and injury experience of the oil industry (all activities) and the 
natural gas industry (excluding distribution activities) in the United States 


Man-hours Injury rates per million 
Year Average men worked Number of injuries man-hours 
working daily (thousands) ——————————— —ñĩx?ét'⸗ —2:.u.ĩrĩʃ4C — 
Fatal Nonfatal Frequency Severity 
1965.......... 8 436, 935 931,645 78 8,963 9.70 934 
1966... 88 451,747 954,527 108 8,724 9.25 1,050 
1 9§öo d suunas 445, 562 988,946 88 8,776 9.44 981 
1968_.... 8 466,652 986,952 102 9,069 9.29 985 


19699. 449, 606 939,385 95 9,023 9.71 983 
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Table 11.—Worktime and injury experience at coke ovens in the United States, 
by industry groups 


Average Man- Man- Number of Injury rates per 
men Average days hours injuries million man-hours 
Industry and year working days worked worked — ꝛ wu —— 
daily active (thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 
Slot ovens 
UE 14,003 357 4,998 39,984 T 192 4.98 1,816 
1966... cu c Les 13, 745 363 4,983 39, 909 3 155 8.96 
Kl L 8 13,409 860 4,821 38,588 5 201 5.34 963 
ELE 12,877 861 4,645 37,167 7 184 5.14 1,876 
1969.5. ee oe 18,418 856 4,779 38,169 15 216 6.05 , 542 
Beehive ovens 
1965. 25 u ns Z 518 222 115 885 s 86 40.68 1.818 
18883 8 471 236 111 821 oe 86 48.8 1,048 
1961... 5. 8 292 179 52 874 4 25 17.61 67, 561 
1908 À eee 216 283 50 878 ES 20 52.8 1,855 
1969... ee! 199 226 45 851 e 15 42.74 1,598 
Total: ! 
CCT 14, 521 352 5,113 40, 869 7 228 5. 75 1. 805 
1966 14,216 858 5,094 40,730 8 191 4.76 
1 8 13,701 356 4,878 38,956 9 226 6.08 1,602 
1968. 8 13,098 859 4,696 37,546 204 5.62 1,875 
1909. uu u sau QS 13,617 354 4,824 38,520 15 231 6.39 2,033 


1 Data may not add to totals shown because of rounding. 


Table 12.—Worktime and injury experience in the peat industry in the United States 


Average Man- Man- Number of Injury rates per 

men Average days hours injuries million man-hours 

Year working days worked worked —————————— — Á 
daily active (thou- (thou- Fatal  Non- Fre- Severity 
sands) sands) fatal quency 

//! c, eee 623 150 94 784 El 18 16.57 593 
1900 5.5 5 ! 88 523 184 96 804 - 10 12.44 373 
/// 506 187 95 785 E 15 19.11 733 
e e eL en 538 186 99 798 ES 8 10.02 244 
eege, 567 172 98 831 "m" 8 9.62 184 


Table 18.—Worktime and injury experience in the native-asphalt industry (bituminous 
limestone, bituminous sandstone, and gilsonite mines and mills) in the United States 


Average Man- Man- Number of Injury rates per 

men Average days hours injuries million man-hours 

Year working days worked worked —— —  — —— —:Za.ĩ§Xõʒẽẽ ẽ§ 
daily active (thou- (thou- Fatal  Non- Fre- Severity 
sands) sands) fatal quency 

LEE 427 258 108 874 1 26 30.90 8,8835 
“ 368 270 99 806 1 28 35.98 7,872 
193½ WW. 8 898 255 100 821 a 88 40.21 2,985 
1008.1 u 0 orna cem ncc. 899 269 108 887 E 28 27.49 672 


8 445 262 117 949 Se 86 87.93 733 


Digitized by Gooqle 


Abrasive Materials 


By J. Robert Wells: 


Domestic production of natural abrasive 
materials in 1969, as indicated by the 
quantities of these commodities sold or 
used by producers, was slightly lower than 
the record output of 1968. Total tonnage 
was less by about 2 percent, and total value 
was down 4 percent. Although tripoli and 
abrasive garnet output declined, tripoli 
accounted for almost three-fourths of the 
total tonnage of the natural abrasives sold 
or used, and garnet provided more than 
half of the reported total value. 


The 1969 output of abrasive-grade arti- 
ficial alumina in the United States and 
Canada was substantially greater than that 
of 1968, but there was almost no change 
in the figure for crude silicon carbide. Ton- 
nage of shipments of metallic abrasives from 
U.S. plants, after increasing in all but two 
of the last 10 years, reached the highest 
total yet recorded. For all three of these 
artificial abrasives taken together, both the 
total tonnage and the total value were 
greater than the comparable figures in any 
previous year. 


Table 1.—Salient abrasive statistics in the United States 


Kind 1965 1966 1967 1968 1969 
Natural abrasives (domestic) sold or used 
by producers: 
THDOÀL... 2-992992 short tons 71,188 66,168 70,984 85,584 84,678 
Values thousands 3381 $328 $377 $796 $734 
Special silica-stone products ! 
short tons. . 3,608 8,806 2,701 8,141 8,311 
Value thousands. $432 $515 $574 $629 $600 
Garnet short tons 19,330 21,952 20,494 22,136 20,458 
Value thousands 31,717 32,092 $1,849 $1,922 $1,874 
Emery..............- short tons 10,720 11,102 
Vale thousands 3204 $210 W W W 
Artificial abrasives 242424. short tons.. 524,305 607 , 508 552,812 567,814 608,622 
Ie mue thousands.. $73,102 $82,794 $80,405 $86,316 $92,589 
Foreign trade (natural and artificial 
abrasives): 
Exports (value)) thousands.. $50,418 $51,758 $50,896 $60,266 $70,687 
Reexports (value)) do.... $18,750 $13,143 $17,239 $19,807 $20,378 
Imports for consumption (value) 
0.... $89,382 $110,650 $100,427 $103,150 $100,748 


W Withheld to avoid disclosing individual company confidential data. 
! Includes grinding pebbles, grindstones, oilstones, tube-mill liners, and whetstones. : . 
2 Production of silicon carbide and aluminum oxide (United States and Canada); shipments of metallic 


abrasives (United States). 


Foreign Trade. — The United States has 
long been substantially a net importer of 
abrasive materials, and it is worthy of men- 
tion that, even though that pattern persisted 
in 1969, the totals for exports and imports 
of those substances came much nearer to 
a balance than at any time in the last two 
decades. In the case of industrial diamond— 
in terms of dollars the largest single item 
of abrasives foreign trade—the total value 


of imports was 12 percent less than that in 
1968 and only about 20 percent more than 
the combined values of 1969 exports and 
reexports. The corresponding disparity in 
1968 was 60 percent, while as recently as 
1967, the figure for imports was well over 
twice that for exports plus reexports. 


1Physical scientist, Bureau of Mines, Knoxville, 
Tenn. 
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Table 2.—U.S. exports of abrasive materials, by kinds 


(Thousands) 
Kind i-e 
Quantity 
NATURAL ABRASIVES 
Dust and powder of precious or semiprecious stones, 
including diamond dust and powder carats.. 6,015 
Crushing Dort do 26 
Industrial diamond. ........................ do.... 300 
Emery, natural corundum, and other natural abrasives, 
Eelere pounds.. 40,431 
MANUFACTURED ABRASIVES 
Artificial corundum (fused aluminum oxide)...do.... 731,481 
Silicon carbide, crude or in grains do.... 14,166 
Carbide abrasives, n.e.C.-------------------- do.... 4,933 
Grinding and polishing wheels and stones: 
Diamond... ĩð1d 8 carats.. 594 
Pulpstones.__._...---.----------.--.-.- pounds 2,199 
Hand polishing stones, whetstones, oilstones, 
hones, and similar stones do.... 737 
Wheels and stones, n.e.c................- do.... 5,131 
Abrasive paper and cloth, coated with natural or arti- 
ficial abrasive materials reams.. 301 
Coated abrasives, n. ec NA 
Metallic abrasiven s. pounds.. 53,402 
DOUBLE nt LL ree Oe pK c XX 
r Revised. NA Not available. XX Not applicable. 


1968 


Value 


$16,616 


168 
1,153 


2,569 


6,311 
2,1706 
2,802 


3,010 
682 


850 
7,404 


8,973 
1,719 
5, 303 


60, 266 


Quantity 


62,146 


XX 


Table 3.—U.S. reexports of abrasive materials, by kinds 


(Thousands) 
Kind 
NATURAL ABRASIVES 
Dust and powder of precious or semiprecious stones, 
including diamond dust and powder. ........ carats. . 198 
Crushing bort_._._..--..---------------..---- do.... 816 
Industrial diamond. ........................ do.... 8,018 
Emery, natural corundum, and other natural abrasives, 
Bug Mem RR pounds.. 24 
MANUFACTURED ABRASIVES 
Carbide abrasives, n.e.c. ...................- Aser ——˙—⁵n 
Grinding and polishing wheels and stones: 
Daerr reU Eres carats. . 1 
Wheels and stones, n.e.c..............- pounds 2 
Hand polishing stones, whetstones, oilstones, 
hones and similar stones. o_ 2 
Abrasive paper and cloth, coated with natural or 
artificial abrasive materials reams... (!) 
Coated abrasives, n.e.c__...__----------------- NA 
Metallic abrasives.................... pounds 5 
J%///öô—ö—: . euece am m eu XX 


NA Not available. 
! Less than Le unit. 


XX Not applicable. 


1968 


Value 


Quantity 


$497 
2,008 
17,242 


7 
81 
4 


19,807 


148 
850 
2,704 


200 


1969 


1969 
Quantity 


Value 


$21,599 


265 
1,634 


2,832 


6,775 
2,487 
5,434 


3,561 
692 


1,227 
7,688 


8,521 
2,807 
5,720 


70,687 


Value 


$391 
2,2898 
17,503 


42 
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Table 4.—U.S. imports for consumption of abrasive materials 
(natural and artificial), by kinds 
(Thousands) 
1968 196 
Kind d 
Quantity Value Quantity Value 
Corundum, crude or crushed. ........... short tons 6 EIER ` ^ uuum ` ube 
Emery, flint, rottenstone, and tripoli, crude or crushed 
short tons 32 707 21 $766 
Silicon carbide, crude. ...................... do 106 14,249 109 14, 648 
Aluminum oxide, erude ---------------- do.... 149 17,085 169 21,086 
Other crude artificial abrasives............... do 4 322 (!) 
Abrasives, ground, grains, pulverized or refined: 
Silicon carbide. ................... short tons 2 7117 2 711 
Aluminum oxide....................... RN 8 1,966 5 1,200 
Emery, corundum, flint, garnet, and other, in- | 
cluding artificial abrasives short tons 1 138 2 685 
Papers, cloths, and other materials wholly or partly 
coated with natural or artificial abrasives. (2) 5,764 (2) 6,255 
Hones, whetstones, oilstones, and polishing stones 
number 376 78 285 67 
Abrasive wheels and millstones: 
Burrstones, manufactured or bound up into mill- 
f ĩ³·wmm adis aud eR ae short tons (1) 4 (1) 6 
Solid natural stone wheels. `... number 1 9 4 16 
lamoDnd..usaeeseQDeetueMausteüqum eee do- 58 308 72 488 
G§ê«ê1U i ⁵])3p y (2) 789 (2) 1,105 
Articles not especially provided for: 
Emery or garnet_____.--...------.--.-------- (2) 26 (2) 13 
^E GEN corundum or artificial abrasive materials. (2) ei 2 (3) 209 
/) 8 2 2 
Grit, dee? and sand of iron and steel short tons 0 121 e) 880 
Diamonds: 
Diamond dies number 9 239 10 200 
Crushing bor carats.. r 697 r 1,568 857 918 
Other industrial diamond do 14,264 r 36,957 4,731 29,797 
Miners’ diamond do- r 900 r 4,907 7 ,968 
Dust and powder.......................- do 17, 825 r 16, , 870 8,205 17,743 
OUR) d erR XX r 103,150 XX 100,748 
r Revised. XX Not applicable. 
1 Less than 14 unit. 
? Quantity not reported. 
TRIPOLI 


Tripoli from Arkansas and Oklahoma, 
amorphous or soft silica from Illinois, rot- 
tenstone from Pennsylvania are all fine- 
grained, porous silica materials that are so 
essentially similar in composition and uses 
that it is customary to discuss them, with- 
out distinction, as a group. The quantity 
of processed tripoli and related materials 
used in 1969 for abrasive purposes 
amounted to about 70 percent of the total 
production, while filler uses accounted for 
20 percent. 

Tripoli producers in 1969 were Malvern 
Minerals Co., Industrial Minerals, Inc., and 
Hercules Minerals Co., operating in Gar- 
land, Polk, and Pike Counties, Ark., respec- 
tively; Tammco, Inc., and Illinois Minerals 
Co., both in Alexander County, Ill; The 
Carborundum Co. in Newton County, Mo., 


and Ottawa County, Okla.; Keystone Filler 
& Manufacturing Co. and Penn Paint & 
Filler Co., both in Lycoming, Pa. In the 
four States producing tripoli in 1969, out- 
put increased in Illinois and Pennsylvania 
and declined in Arkansas and Oklahoma. 
Prices quoted in Engineering and Mining 

Journal, December 1969, for tripoli and 
amorphous silica were as follows: 

Tripoli, paper bags, 40-ton carloads, f.o.b. 

Elco, Ill., air-floated, through 200 mesh, 

cents per pounß dad 11/4 


Silica, amorphous, 50-lb paper bags, car- 
loads, dollars per short ton: 


90-95 percent through 200 mes 25 
96-99 percent through 200 mesh. ......- 27 
90-95 percent through 325 mes 29 
96-98 percent through 325 mes 29 
98-99.4 percent through 925 mesh. ...... 30 
99.5 percent through 325 mesh. ........ 42 
99.9 percent through 400 mesh. ........ 63 
99 percent below 15 microns............ 69 


99 percent below 10 microns............ 89 


140 


MINERALS YEARBOOK, 1969 


Table 5.—Processed tripoli 1 sold or used by producers in the United States, by uses 2 


Kind 

Abrasives... -aaea short tons 
ll ue susu xs thousands 
FFII 8 short tons 
P (;öĩÜ˙ thousands 

Ohr. Lissu ukuy. cece short tons 
LECH EE thousands 
S/! ³ĩðAg uyu ya us short tons 
Vall eee thousands. . 


1965 1966 1967 1968 1969 
48,985 45,785 44,961 52,897 50,837 
$2,025 $1,880 $1,916 $2,201 $2,013 
11,011 10,581 11,240 18,418 14,352 

$296 $285 $354 $388 $418 

4,880 4,491 4,797 5,203 5,487 

$142 $133 $143 $149 $157 
64,776 60 , 857 60,998 71,458 70,176 
32, 468 $2,298 $2,418 32, 787 $2,584 


! Includes amorphous silica and Pennsylvania rottenstone. 


2 Partly estimated. 


3 Data may not add to total shown because of independent rounding. 


SPECIAL SILICA STONE PRODUCTS 


Special silica-stone products sold or used 
by producers in 1969 included oilstones 
from Arkansas, whetstones from Indiana, 
grinding pebbles from Minnesota and Wis- 
consin, grindstones from Ohio, and tube- 
mill liners from Minnesota. No domestic 
production of millstones has been reported 
since 1963. 'The total tonnage of silica-stone 
products sold or used increased by 5 per- 
cent in 1969, but chiefly because of lower 
per-ton values for Arkansas oilstones and 
for Minnesota grinding pebbles, there was 
a net decrease of 5 percent in the corres- 
ponding total value. 

Novaculite for oilstones was produced in 
1969 by Arkansas Oilstones Co., Inc., John 
O. Glassford, Cleve Milroy, M. V. Smith, 
Norton Pike Division of Norton Co., and 
Hiram A. Smith Whetstone Co., all from 
operations in Garland County, Ark.; whet- 
stones by Hindostan Whetstone Co., Orange 
County, Ind., grinding pebbles and tube- 
mill liners by The Jasper Stone Co., Rock 
County, Minn.; grinding pebbles by Bara- 
boo Quartizite Co., Inc., Sauk County, Wis.; 


and grindstones by Cleveland Quarries Co., 
operating the Amherst quarry in Lorain 
County, Ohio. 


Table 6.—Special silica-stone products 
sold or used by producers in the 
United States 1 


Value 
Year Short tons (thousands) 
1900... 86 8,608 $432 
1 ...---.------ 3, 806 515 
1989 s 2,701 574 
1988 ecc 8,141 629 
19898. 5.2 8,311 600 


l Includes grinding pebbles, grindstones, oilstones, 
tube-mill liners, and whetstones. 


A journal article provided an illustrated 
account of the operations of a leading pro- 
ducer of grinding media and mill liners. 
The author described some of the hand- 
craft stone-cutting procedures that are still 
required in an automated age to prepare 
these speciality products to serve the needs 
of industry.2 


NATURAL SILICATE ABRASIVES 


Garnet.—The quantity and value of abra- 
sive-grade garnet sold or used in 1969 by 
domestic producers was less than in 1968. 
Abrasive garnet was produced in 1969 in 
two States, New York and Idaho, each with 
two active producers. Barton Mines Corp., 
the largest producer, extracted garnet from 
extensive deposits in Warren County, N.Y. 
The material was crushed and sized for 
use in coated abrasives for metal lapping 
and for grinding and polishing glass. Inter- 
pace Corp., taking over operations of Cabot 
Corp. in Essex County, N.Y. recovered 
garnet as a byproduct from the treatment 
of wollastonite ore. The Idaho Garnet Abra- 


sive Co. and the Emerald Creek Garnet 
Milling Co., both working on placer de- 
posits in Benewah County, Idaho, extracted 
abrasive-grade garnet. Both the Idaho and 
the Essex County, N.Y. materials were 
mostly used as sand-blast abrasive. An in- 
formative article was published describing 
the installations and operations of the 
larger of the two Idaho producers of the 
mineral.3 


? Herod, Buren C. Jasper Stone Company. Pit 
and Quarry, v. 62, No. 1, July 1969, pp. 74-79. 
3 Trauffer, Walter E. Idaho Garnet Abrasive Co. 
is Leading Producer of Rare Material. Pit and 
Quarry, v. 61, No. 8, February 1969, pp. 132-136. 
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Table 7.—Abrasive garnet sold or used 
by producers in the United States 


Value 
Year Short tons (thousands) 
1965.29) 8 19,330 $1,717 
1966 21, 952 2,092 
1961... 2 REG 20, 494 1,849 
198898 8 22,196 1,922 
1969... 0 ue ccu 20,458 1,874 
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Staurolite.—Commercial production of 
staurolite, a complex iron and aluminum 
silicate used mostly as a sand-blast abrasive, 
was reported by E. I. du Pont de Nemours 
in Clay County, Fla. The "Minor Non- 
metals" chapter of the Minerals Yearbook 
contains additional information concerning 
this material, but actual, production figures 
are withheld to avoid disclosure of individ- 
ual company confidential data. 


NATURAL ALUMINA ABRASIVES 


Corundum.—There has been no substan- 
tial production of abrasive-grade corundum 
from domestic mines since the early 1900's, 
and the imposition of economic sanctions 
by the United Nations in 1968 put a stop 
to imports from Southern Rhodesia, the 
customary source of supply. A small quan- 
tity of corundum of unspecified origin was 
imported in 1969 from France, but U.S. 
consumers mostly depended upon accumu- 
lated stocks or switched to alternate 
abrasives. 


Table 8.—World production of corundum, 
by countries 


(Short tons) 

Country 1967 1968 1969 v 
TEE 837 359 360 
Rhodesia, Southern e 4,600 NA NA 
South Africa, Republic of 851 282 240 
USS KRK 8 5, 500 6,600 6, 600 

Pet!!! ` 10, 788 7,241 7, 200 
e Estimate. P Preliminary. NA Not avail- 


able. 
1 Totals are of listed figures only. 


The December 1969 issue of Engineering 
and Mining Journal quoted the following 
prices for crude corundum in carload lots, 
c. i. f., U.S. ports, per short ton: crystal $120- 
$130; boulder $70-$75. These prices were 
unchanged from the quotations of Decem- 
ber 1968. 

In 1969, the Office of Emergency Prepared- 
ness (OEP) dropped corundum from the 
list of strategic and critical materials for 
stockpiling. As of June 30, 1969, corundum 
in the amount of 1,964 short tons remained 
on Government inventory, pending Con- 
gressional approval of a plan for its sale 
that had been submitted in the closing days 


of December 1968 by the Stockpile Disposal 
Division of the General Services Administra- 
tion (GSA). 

Emery.—Domestic production of emery 
in 1969 was confined, as it has been for 
many years, to mines in Westchester County, 
N.Y., where for the second consecutive year 
only two firms were active. De Luca Emery 
Mine, Inc. operating its No. 2 mine near 
Peekskill, produced material to be processed 
into aggregate for heavy-duty, nonslip 
floors and pavements. The Di Rubbo Amer- 
ican Emery Co. produced emery from the 
Kingston mine at Croton-on-Hudson for 
general abrasive purposes. The combined 
output of the two firms, compared with the 
total in 1968, was less in quantity and total 
value. 


Table 9.—Emery sold or used by producers 
in the United States 


Value 
Year Short tons (thousands) 
19690... ua 6,732 $119 
19 8 9,214 172 
.... 4 sa 10,720 204 
1966____._.......... 11,102 210 
1967-69 W W 


W Withheld to avoid disclosing individual company 
confidential data. 


An article by three Bureau of Mines 
authors described the occurrence of emery 
in Oregon—a mineral hitherto unreported 
in that State.* 


* White, Jack C., Jerry J. Gray, and Joseph W. 
Town. Emery and Emerylike Rocks of the West- 
Central Cascade Range, Oregon. The Ore Bin 
(State of Oregon Department of Geology and Min- 
eral Industries, Portland, Oreg.), v. 30, No. 11, 
November 1968, pp. 213-2293. 
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INDUSTRIAL DIAMOND 


There is no source of natural industrial 
diamond in the United States, but domes- 
tic production of synthetic industrial dia- 
mond material in 1969 amounted to ap- 
proximately 13 million carats. Secondary 
production (salvage from used diamond 
tools and diamond-containing wastes) pro- 
vided an additional 3 million carats. Indus- 
trial diamond imports declined in value for 
the third consecutive year. 

As a followup to the designation by OEP 
of approximately 17.9 million carats of 
crushing bort as surplus, a conference was 
held in Washington, D.C., on February 12, 
1969. The stated purpose was to obtain the 
views of representatives of interested Gov- 
ernmental agencies and private industrial 
organizations concerning the plan that had 
been proposed by the Property Manage- 
ment and Disposal Service of GSA for the 
eventual sale of this material. The stock- 
pile objective for industrial diamond stones, 
established at 16.5 million carats on April 
17, 1964, was revised upward on December 
3, 1969, to 20.0 million carats. 


Table 10.—U.S. imports for consumption 
of industria] diamond (excluding 
diamond dies) 

(Thousand carats and thousand dollars) 


Year Quantity Value 

boy SUC 17,112 $63 , 576 

1968 — ------ 13, 686 60,302 

1969... 8 14,076 52,821 
r Revised. 


WORLD REVIEW 


Interest in the subject of industrial dia- 
mond was increasingly an object of atten- 
tion among both governmental agencies and 
private industrial organizations around the 
world. In addition to the growing volume 
of production of natural industrial diamond 
from a large number of mining operations 
on four continents, there was also a notable 
expansion of the output of synthetic dia- 
mond from facilities in the United States, 
Ireland, Sweden, Republic of South Africa, 
Japan, and the U.S.S.R. 

Angola.—In a move to further the na- 
tional economy the Portuguese Government 
awarded a dimond mining concession for 
two tracts totaling about 26,000 square kilo- 
meters to Diversa-International de Ex- 
ploracáóo de Diamantes, S.A.R.L. It was 
stated that the company has the financial 


and technical support of the U.S. company 
Diversa, Inc. The granting of mining rights 
on an additional 50,000 square kilometers, 
comprising both onshore and offshore areas, 
was expected to follow shortly. 

Australia.—Many geologists and mining 
men believe that this nation may possibly 
develop a dimond industry comparable to 
that of the Republic of South Africa. Dia- 
monds have been found in every State, 
especially in New South Wales, but the 
diamonds are alluvial, and their ultimate 
sources have not been discovered. The 
search is currently centered in the Kim- 
berley Mountains of Western Australia, a 
region of abundant and potentially dia- 
mond-bearing volcanic pipes strikingly simi- 
lar to those of the classical diamond-rich 
areas of Africa. 

Botswana.—Officials of De Beers Consoli- 
dated Mines Ltd. announced that 12 years 
of intensive exploration has enabled the 
firm's geologists to close in on at least two 
diamondiferous kimberlite formations in 
the Lethlakane area of central Botswana. 
Preliminary drilling revealed the presence 
of diamonds in paying quantities and pre- 
dominantly of industrial grade to a depth 
of at least 20 feet. Eventual expenditure 
of up to $20 million in additional explora- 
tion and in mine development is considered 
likely. 

Brazil.— Total diamond production in 
1969, all from alluvial gravels, was rumored 
to be as high as 600,000 carats, of which 60 
percent probably was gem-grade crystal. 
The remainder consisted predominantly of 
first-quality industrial stones. Bort-grade 
material is found only as the exception in 
Brazil. 

Canada.—A thesis presented at the Uni- 
versity of Western Ontario summarized the 
results of a number of years of effort— 
unsuccessful thus far in regard to the 
principal object—to determine the sources 
that have produced sporadic discoveries of 
glacially transported diamonds in the Great 
Lakes area. The author suggested factors 
that may have thwarted this search in the 
past and proposed possible lines of attack 
on the problem that may be useful in the 
future.5 


5 Canadian Mining Journal. Provenance of Dia- 


monds in the Glacial Drift of the Great Lakes 
Region, North America. V. 90, No. 5, May 1969, 
p. 101 (book review). 
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Table 12.—World production of industrial diamond, by countries 
(Thousand carats) 


Country 1967 1968 1969 p 
Africa: 
ee e Aea E 306 351 e 425 
Central African Republic.. -------------------------- 260 e 304 e 816 
Congo (Kinshasaa⸗))))⸗ͥhù⸗uuu) 12,891 11,358 e 15,000 
Congo (Brazzaville) 17... ENERO Bits onal can E r 4,154 4,848 NA 
"ior ee Ree nn S VERON 2,288 e 2,202 e 2,520 
Guinea EEN r 51 N NA 
e,, ß . E ECL 70 77 e 120 
III! oclo eee d MEE 181 218 e 220 
Ser ⁵ðxHd mm mcd ie r 878 r 962 1,337 
South-West Africa .)) r90 r 86 90 
EK VE TEE 494 846 897 
South Africa, Republic of: e 
Premier cu u ³Üi—¹ ee ee EE n 1,783 1,915 NA 
De Beers Group .. L2. LLL Lll. l c... 1,742 1,983 NA 
Otheré8 u eege ⁰yy ⁰ 8 222 840 NA 
Total, Republic of South Africa 3,747 4, 288 4,482 
Other areas: 

Brazil ee 160 160 160 
;öͤ ] Ü S eee wr 888 e 56 e 98 21 
(e LEE 88 2 r2 e 2 

Indonesia e... r6 r6 
USS Ri EE 5,600 5,600 6,000 
F EES 31 58 
TU OUR eu cun sau eZ 81,255 80,835 31,154 

e Estimate. P Preliminary. r Revised. NA Not available. 


! Exports, data for Liberia are for fiscal year ending August 81 of year stated. 


? Probable origin, Republic of the Congo (Kinshasa 


). 
3 Output of Consolidated Diamond Mines of South-West Africa Ltd. 


* Includes some alluvial diamond from De Beers properties. 


5 Includes alluvial. 
6 Total is of listed figures only. 


Central African Republic.—Total dia- 
mond production in 1968, the last year for 
which complete data have been released, 
was 609,000 carats, of which 35 to 50 per- 
cent may have been of industrial grade. 
Under the terms of the Government's devel- 
opment plan (1967-70), diamond will con- 
tinue to be emphasized as the nation's most 
valuable mineral commodity. One of the 
provisions of the plan calls for an 18- 
percent expansion of diamond production 
during the stated term—from 540,000 carats 
in 1966 to 640,000 carats in 1970. 

Congo (Kinshasa).—Announcement by the 
U.S. General Services Administration of a 
tentative plan for the disposal of approxi- 
mately 18 million carats of crushing bort 
industrial diamond from stockpile holdings 
evoked an unfavorable response from Con- 
golese officials. The Congo has long been 
the world's foremost source of industrial 
diamond, and Finance Minister Nendaka 
stated that the proposed sales would in- 
evitably exert a depressing influence on his 
nation's economy. 

An agreement signed on May 2, 1969, by 


SIBEKA (Société des Investisseurs de Be- 
ceka) formally ceded to the Government of 
The Democratic Republic of the Congo a 
controlling 50-percent share of the owner- 
ship of that firm's subsidiary Société Miniére 
de Bakwanga (MIB), the Congo's largest 
diamond producer. In effect, this accord 
places in the hands of the Congolese Gov- 
ernment direct financial and administrative 
control over perhaps 40 percent of the free 
world's present output of natural industrial 
diamond. 

Ghana.—The Government granted to the 
Consolidated African Selection Trust ap- 
proval for the exploratory dredging of the 
bed of the River Birim. It is believed that 
the alluvial deposits of the Birim basin 
are rich enough in diamond content to 
support both dredging and surface mining 
operations. 

India.—The National Mineral Develop- 
ment Corp. continued an intensive program 
of exploration in search of workable dia- 
mond deposits in the Golconda region of 
southern India, historically the world’s 
principal source of diamonds prior to the 


ABRASIVE MATERIALS 


mid-18th century discoveries in Africa and 
Brazil. The earlier mining operations in the 
Golconda area were conducted exclusively 
for the recovery of stones of gem quality, 
and it seems likely that waste accumula- 
tions there may contain important quanti- 
ties of disregarded material of industrial- 
diamond grade. 

Indonesia.—A report from Djakarta told 
of the discovery of an apparently rich dia- 
mond deposit at Guning Kaja (“Rich 
Mountain” in the Tjempaka district of 
South Borneo. Information was not in- 
cluded in the dispatch as to what propor- 
tion of the Borneo diamonds might be of 
industrial grade. 

Ivory Coast.—Diamond mines at Tortiya, 
Sequela, and on the lower Bou, with three 
firms in active production and a fourth 
preparing to begin operations, yielded over 
202,000 carats in 1969. About 60 percent of 
the output was considered to be industrial 
material, and practically the entire quan- 
tity was exported. The Directorate of Mines 
and Geology predicted that 1970 diamond 
production will be 5 to 10 percent greater 
than that in 1969. 


Lesotho.—It was announced in April 1969 
that Bethlehem Steel Corp. will acquire a 
20-percent share in a company organized 
by the Rio Tinto Zinc Corp. to mine dia- 
monds from the rich Letsang-La-Terai de- 
posit in the Mekhotlung district. A one- 
quarter share in the new firm was reserved 
for the Lesotho Development Corp., an 
agency of the Lesothan Government. Les- 
otho was the source of the 600-carat, gem- 
quality Brown diamond that was sold in 
1967 for about $700,000. 

Liberia.—The entire 1969 production was, 
as usual, from alluvial deposits, and accord- 
ing to the latest statistics available, ex- 
ports of diamond in fiscal year 1967-68 
amounted to 750,000 carats, of which about 
one-third was of industrial quality. A new 
diamond discovery occurred in 1969 in the 
Kakata area north of Monrovia and excited 
sufficient interest to precipitate a rush and 
drain workers away from a large rubber 
plantation at nearby Harbel. 

Sierra Leone.—Following the completion 
in 1968 of two new diamond separation 
plants at Yengema, the Sierra Leone Selec- 
tion Trust, Ltd., contracted for the con- 
struction of still a third installation, which 
was to be put into operation in 1969. The 
new plant, housing two rotary washers, 
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together with screening and concentrating 
equipment, and costing approximately 
$250,000, will treat diamondiferous gravel 
from the Kono district, one of the world's 
richest diamond-producing areas. 

South Africa, Republic of.—Production 
of diamond, all grades, amounted to 2.3 
million carats in the first quarter of 1969, 
equivalent to an annual rate of about 9 
million carats. Approximately two-thirds 
of the total output may be rated as in- 
dustrial material. Production by De Beers 
Consolidated Mines Ltd. from the rich de- 
posit at Annex Kleinzee was expected to 
diminish with the approach of depletion, 
but a compensating increase was predicted . 
from other properties in Namaqualand. 
Current exploration revealed an important 
deposit at Koingnass and substantial ex- 
tensions of the reserve ground already 
blocked out north of Annex Kleinzee. An 
agreement by the Government to disclaim 
export duties on the diamond to be pro- 
duced led to the decision to recommence 
operation of the Koffiefontein Mine in the 
Orange Free State, hereto considered to be 
no better than marginally profitable.6 The 
Department of Mines granted permission to 
a subsidiary of International Ventures and 
Development Corp. to begin exploitation 
of the Barkley property 20 miles from 
Kimberley, a deposit worked superficially in 
the past but not yet fully delineated. Ex- 
penditure of more than $1 million was fore- 
cast to bring the mine into production.7 
Returns from the exploitation of marine 
deposits, especially those offshore, continued 
to be disappointingly meager. 

Tanzania.—As an initial step toward 
achieving industrialization of the wealth in 
diamonds and other minerals known to 
exist in this east African republic, the Gov- 
ernment arranged for a large party of en- 
gineers from the U.S.S.R. to undertake an 
intensive geological reconnaisance of the 
entire national area. Approximately half 
of Tanzania's present million-carat annual 
diamond production is classed as industrial 
diamond. 

U.S.S.R.—According to Pravda, Soviet en- 
gineers have established a facility for the 
treatment of diamond-bearing kimberlite 


$ Muller, Dr. T. F. Bright Outlook for Mining. 
Min. J. (London), v. 272, No. 6984, June 27, 
1969, pp. 580—583. 

? Mining Journal (London). Mining Annual 
Review, 1969. Gem Stones and Abrasives. June 
1969, pp. 111, 113-115, 117. 
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from a volcanic pipe at Udachanaya above 
the Arctic Circle, the most northerly plant 
of its kind on record. Russia's 1969 output 
of industrial diamond, principally from 
mines in Siberia, may have totaled 6 million 
carats. 

Venezuela.—Output of diamond in 1969, 
largely from the alluvial gravels of the 
Paragua River south of Cerro Bolivar, 
reached a total of 194,000 carats, of which 
58,000 carats was classified as industrial 
stones and 18,000 as crushing bort. 


TECHNOLOGY 


Diamond mining has been carried on 
without interruption for thousands of years 
and has involved the handling and patient 
sorting over of perhaps 3 billion tons of 
sand, gravel, and hard rock. It is estimated 
that the end product of all those ages of 
effort might tip the scales at no more than 
130 tons. That is equivalent to a concen- 
tration ratio of about 23 million to 1, and 
the valuable portion of even a rich dia- 
mond ore may represent no more than 
0.000004 percent of the total weight. The 
geological, historical, and technological 
aspects of diamond mining and concen- 
tration were sketched in a journal article, 
in which several color photographs provided 
an unusually vivid glimpse of the subject.8 
Diamond of industrial grade almost invari- 
ably accompanies the more sought.after 
crystals of gem quality, but only recently— 
for a limited number of decades—has there 
been a concerted effort to save this un- 
attractive-looking material. The world's 
entire stock of industrial diamond, there- 
fore, can amount to no more than a minor 
fraction of the estimated 130 tons of dia- 
mond that has been recovered in all time— 
perhaps only a few truck loads. Not many 
substances, pound for pound, are able to 
exert so pervasive an influence upon our 
industrial civilization. 

The Industrial Diamond Association of 
America and the American Society of Tool 
and Manufacturing Engineers co-sponsored 
the International Industrial Diamond Con- 
ference held in Chicago in October 1969. 
The 11 sessions of the 3-day program 
featured the presentation of about 30 
technical papers analyzing industrial dia- 
mond applications in the glass, ceramics, 
electronics, plastics, and the metalworking 
industries. The conference theme was Dia- 
mond—Key to Industrial Progress." 
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Some of the ways in which industrial dia- 
mond serves in the varied steps of bring- 
ing a wide variety of English glass prod- 
ucts into final form were portrayed in 
out-of-the-ordinary photographs reproduced 
in a magazine article. The applications 
illustrated ranged from the ultraprecise 
machine ruling of 200,000 lines to the inch 
on diffraction gratings, an operation in 
which weeks may pass in the completion of 
a single unit, to the highly skilled freehand 
engraving of fine crystalware.? 

An illustrated journal article described 
the equipment and techniques used in form- 
ing miniature cubes of elemental silicon, 
thirteenth-thousandths of an inch (plus or 
minus five ten-thousandths) on a side, for 
semiconductor devices. The actual cuts are 
made, 44 at a pass, by a nest of circular 
saw blades, each electroplated with diamond 
and not much thicker than a sheet of kit- 
chen foil.10 

A major electronic components manufac- 
turer found that almost every cutting or 
finishing operation involved in the close- 
tolerance mass production of sintered fer- 
rite-ceramic magnets required the use of 
diamond grinding Wheels. 11 

Specially designed vibration-free lathes 
made it possible for a British manufactur- 
ing firm to produce aluminum information- 
storage discs, 12 inches in diameter and 
mirror finished to less than three-millionths 
of an inch in surface relief, often to one- 
millionth. The sophisticated equipment and 
the industrial-diamond lathe tools employed 
in fabricating these precision parts for com- 
puters were described in a journal article.12 

A recently devised ultrasonic method of 
impact grinding, has the capability of ma- 
chining extremely hard and brittle materials 
with a high degree of precision. In a 
demonstration test a fragile wafer of alu- 
mina, about the size of a 25-cent piece 
and only 0.010 inch thick, was efficiently 
pierced with 59 evenly spaced square holes, 


8 Engineering and Mining Journal. Diamond 
Recovery Is Big Business. V. 170, No. 11, Novem- 
ber 1969, pp. 67-80. 

? Allen, Alfred C. England: Diamonds Fashion 
an Industry. Ceram. Ind., v. 93, No. 6, December 
1969, pp. 53-55. 

1? Industrial Diamond Review. Slicing and Dic- 
ing Ultra-Pure Silicon Into Tiny Cubes for a 
Semiconductor Device. V. 29, No. 342, May 1969, 
pp. 208-209. 

11 Abrasive Engineering. Diamonds Essential to 
Machine Ferrites. V. 15, No. 5, May 1969, pp. 
26-27. 

12 Hush, John S. From Discs to Tape and Back 
Again Ind. Diamond Rev., v. 29, No. 345, August 
1969, pp. 310—318. 


ABRASIVE MATERIALS 


each 0.38 inch (plus or minus one- 
thousandth) on a side and with absolutely 
no measurable rounding of the edges. The 
new technique differs from all previous 
impact procedures in the innovative use 
of a single-crystal industrial diamond in the 
tip of the cutting tool.13 


De Beers Industrial Diamond Division, 
London, announced the commercial avail- 
ability of an entirely new type of metal- 
clad synthetic diamond grit especially suit- 
able for resin bonding into abrasive wheels 
for the grinding of certain steels, cast iron, 
and other ductile materials. The blocky, 
cubo-octahedral structure of the new dia- 
mond material yields particles with dis- 
tinct cutting edges that remove the metal in 
well-formed chips with no tendency to load 
the wheel. The metal cladding of the par- 
ticles efficiently dissipates the heat evolved 
in high-speed grinding.14 The use of grind- 
ing wheels containing the new De Beers 
abrasive reduced the time required to finish- 
grind the silicon carbide surface of a 
specialized motor component from three- 
quarters of an hour to just 6 minutes and 
thus lowered the cost per unit from $5 to 
$1.50.15 A similarly important develop- 
ment in metalworking technology was 
realized by General Electric Co. in a new 
synthetic diamond abrasive especially de- 
signed for the dry-grinding of tungsten 
carbide. Under their “Man-Made” trade- 
mark, General Electric now markets eight 
distinct types of synthetic diamond grit. A 
folder was published detailing the descrip- 
tions of these materials and listing the 
specific end uses and appplications for 
which each of them is particularly recom- 
mended. 16 
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An article related the findings of a min- 
eralogical and crystallographic investigation 
of the cryptocrystalline or randomly or- 
iented polycrystalline masses of diamond 
known by the Brazilian-Portuguese name 
"carbonados" and highly valued in industry 
for their hardness and unequaled omni- 
directional toughness.17 


Progress was reported in the exploration 
of heavy-media techniques for salvaging in- 
dustrial diamond contained in grinding- 
refuse swarfs and sludges, one phase of a 
materials-recycling investigation under way 
at the Bureau of Mines Metallurgy Re- 
search Center in Rolla, Mo. Promising re- 
sults were obtained in a sink-float applica- 
tion of thallous formate-malonate, an extra- 
ordinary liquid with a density four times 
that of water. Completion of this investiga- 
tion, together with the preparation of a 
number of covering reports, is expected to 
take about 2 more years. 

Titles of technical publications issued 
in 1969 by the Industrial Diamond Infor- 
mation Bureau (British) included “Dia- 
mond Research in 1969;" "Production and 
Quality Control of Fine Diamond Powders;" 
"Occurrence, Mining, and Recovery of 
Diamonds;" *Diamonds and Ceramics;" and 
the “Non-Cutting Uses of Industrial 
Diamonds.” 

Nine of 10 of the diamond-related 1969 
United States, British, and Canadian patents 
that were reviewed dealt with procedures or 
materials for the production of synthetic 
diamond. There may be a significant clue 
to future trends in the synthetic diamond 
industry in the fact that just over one-half 
of those patents were issued to Japanese 
individuals or firms. 


ARTIFICAL ABRASIVES 


Crude fused aluminum oxide for abrasive 
purposes was produced in the United States 
and Canada in 1969 by six firms. The Car- 
borundum Co.; Norton Co.; and General 
Abrasive Co. Inc. Division of U.S. Indus- 
tries, Inc. (formerly Lionite Abrasives, Ltd.) 
each operated plants in both countries. 
Pyrominerals, Ltd.; Simonds Canada Abra- 
sive Co., Ltd.; and The Exolon Company 
had operations only in Canada. The com- 
bined outputs of both countries, consisting 
of regular-grade material and white, high- 


purity material in a ratio of about 6 to 1 
by weight, represented 61 percent of the 


13 Industrial Diamond Review. Ultrasonic Ma- 
chining With Whole Stone Diamonds. V. 29, No. 
345, August 1969, pp. 314-316. 

M Iron Age. Diamonds: Grinder’s Best Friend. 
V. 204, No. 21, Nov. 20, 1969, p. 126 

1$ South African Mining and Engineering Jour- 
nal. Synthetic Diamond Cuts Grinding Costs. V. 
8, Pt. 1, No. 3980, May 16, 1969, p. 1077. 

16 Man-Made Diamond Abrasive Products. Spec- 
ialty Materials Department, General Electric Co. 
Worthington, Ohio. 

1 Trueb, L. F., and W. C. Butterman. Carbon- 
ado: A Microstructural Study. Am. Miner., v. 54, 
No. 3-4, March-April 1969, pp. 412—425. 
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total rated capacity for all plants. It was 
estimated that about 12 percent of the total 
output of fused aluminum oxide, domestic 
and Canadian, served in nonabrasive appli- 
cations, chiefly in the manufacture of re- 
fractories. 

The GSA on January 1, 1969, offered for 
sealed-bid sale approximately 6,000 tons of 
surplus Government-owned, crude, fused 
aluminum oxide, and it was reported sub- 
sequently that 400 tons of this material was 
sold in the period January-June. About 
129,000 tons of fused aluminum oxide in 
excess of the stockpile objective still re- 
mained on Government inventory as of 
June 30, 1969. 

Crude silicon carbide was manufactured 
in the United States and Canada in 1969 
by six firms. Norton Company and The 
Carborundum Company, operating plants 
in both countries, and The Exolon Com- 
pany and General Abrasive Co. Division of 
U.S. Industries, Inc., only in Canada, turned 
out material for both abrasive and non- 
abrasive uses. The sixth company, Satellite 
Alloy Corp. with facilities only in the 
United States, produced silicon carbide ex- 
clusively for refactories and other non- 
abrasive applications. Consumption of the 
overall two-nation output of silicon car- 
bide, equivalent to 89 percent of the in- 
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dustry’s total rated capacity, was divided 
almost evenly between abrasive and non- 
abrasive purposes. 

The Carborundum Co. disclosed plans for 
expanding its abrasives-manufacturing ca- 
pacity by the construction of a new multi- 
million-dollar silicon carbide plant at 
Jacksboro, about 30 miles northwest of 
Knoxville, Tenn. Initial production at the 
new site—chosen to lie within the area 
served by the TVA power complex—is 
scheduled for late 1970. 

Norton Co., one of the world’s foremost 
makers of nonmetallic artificial abrasives, 
with plants in 17 countries, and already 
associated with Mitsubishi Metal Mining 
Co., Ltd., in the production of grinding 
wheels, signed licensing and technical- 
assistance agreements with two other Jap- 
anese firms for a joint abrasive-grain man- 
ufacturing enterprise. 

Metallic abrasives, consisting principally 
of iron and steel grit, were produced in 
1969 in eight States, among which Ohio 
continued securely in first place with res- 
pect to both tonnage and total value. Michi- 
gan was next in tonnage, but Indiana was 
a close second to Ohio in terms of dollars. 
Minnesota, for the second year in succession, 
reported no production of metallic abra- 
sives. 


Table 13.—Crude artificial abrasives produced in the United States and Canada 
(Thousand short tons and thousand dollars) 


Kind 1965 1966 1967 1968 1969 
Silicon carbide !. .........................- 138 159 142 159 161 
! ˙Ü¹“¹ààqàA ³⁰ »A $19,963 $21,674 $19,612 $23,833 $23,945 
Aluminum oxide (abrasive grade) 111. 195 244 207 192 217 
VH TEE $24,909 $29,981 $28,183 327, 705 $31 ,276 
Metallic abrasives ee 191 205 204 216 230 
WVRIW62 Z: SSD puyum Le UC E 328, 280 $31,139 $32,610 $34,778 $37,369 
// ³·ðwmwäAqqq ͤð K ae 524 608 553 568 609 
lll 8 $73,102 882, 794 $80,405 $86,316 $92,589 


! Figures include material used for refractories and other nonabrasive purposes. 


2 Shipments for U.S. plants only. 


s Data may not add to total shown because of independent rounding. 
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Table 14.—Production, shipments, and stocks of metallic abrasives in the United States, 


by products 
Manufactured Sold or used Stocks Annual 
Dec. 31 capacity 
Year and product Value Value (short (short 
Short tons (thousands) Short tons (thousands) tons) tons) 
1968: 
Chilled iron shot and grit 38,500 $3,714 87,7176 $4,192 5,297 247,015 
Annealed iron shot and grit.. 45, 970 4,927 46,070 5,978 2,085  !171,487 
Steel shot and grit... 180,698 18,363 180 , 668 24,208 10,118 148, 163 
Other 1.................... 1,728 1,688 405 162 11,250 
Total. v ELI. 216,896 27,852 216,202 84,778 3 17,607 406 , 428 
1969: 
Chilled iron shot and grit. 84,407 $3,605 84,528 $3,825 5,176 244, 625 
Annealed iron shot and grit.. 45, 865 4,895 47,281 6,042 69 1158,848 
Steel shot and grit 149,466 21,160 146,487 27,049 18,092 168,163 
Ohle. 2,190 2,199 452 153 10,250 
Ko E 281,928 80,012 290,495 87,369 19,040 423 ,038 


! Included in capacity of chilled iron shot and grit. 
2 Includes cut wire shot. 
3 Includes revisions in product detail. 


Data may not add to total shown because of independent rounding. 


Table 15.—Stocks of crude artificial abrasives and capacity of manufacturing plants, 
as reported by producers in the United States and Canada 


(Thousand short tons) 


Silicon carbide 


Year Stocks Annual 
Dec. 31 capacity 
LEE 9.1 155.9 
1988 17. 5 174.4 
196 8 12.9 176.1 
1968_______._.. 8 17.7 179.7 
1969. us suyus U 9.1 181.7 
r Revised. 
1 United States only. 
TECHNOLOGY 


The Bureau of Mines, at its Metallurgy 
Research Center in Rolla, Mo., continued 
to explore means of salvaging usable prod- 
ucts from waste industrial materials, and a 
report was published covering an abrasive- 
related aspect of that investigation.18 

Tests indicated that the incorporation in 
grinding wheels of cubic boron nitride abra- 
sive grain—recently developed by General 
Electric Company—in place of the more 
conventional diamond or fused alumina can 
bring about important economics in the 
grinding of heat-treated, high-speed tool 
steel. 19 


Aluminum oxide Metallic abrasives ! 


Stocks Annual Stocks Annual 
Dec. 31 capacity Dec. 31 capacity 
10.9 804.8 17.9 876.8 
18.6 810.8 12.7 973.5 
30.2 880.2 15.6 400.1 
25.5 857.2 r17.6 406.4 
83.2 858.2 19.0 428.0 


A major advance toward the day of 
grinding wheels with characteristics pre- 
cisely designed for particular applications 
was made by the introduction of artificial 
abrasive grain preshaped by extrusion and 
then sintered.20 


18 Barnard. Paul G., Aaron G. Starliper, and 
Heinie Kenworthy. Reclaiming Refractory Car- 
bides and Cobalt From Cemented-Carbide Scrap. 
Secondary Raw Materials, v. 7, No. 9, September 
1969, pp. 19-21. 

19 Iron and Steel (London). Boron Nitride 
Abrasive. V. 42, No. 6, December 1969, p. 398. 

20 Rue, Charles. Shape in Extruded Grain. 
Abrasive Eng., v. 15, No. 8, August 1969, pp. 22- 
23. 
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Figure 1.—Artifical abrasive production. 


Aluminum 


By John R. Lewis? and V. Anthony Cammarota, Jr. 1 


The aluminum industry of the United 
States did well in 1969. Domestic produc- 
tion of primary metal was at an alltime 
high of 3.8 million short? tons for the 
year, after a setback in 1968, which was 
caused by a midyear strike at plants of 
two principal producers. Apparent con- 
sumption also was at an alltime high, and 
prices for the metal rose from 26 cents per 
pound at the beginning of the year to a 
yearend price of 28 cents per pound. New 
primary production facility construction 
was moving toward completion in several 
areas, and for the first time in a decade, 
the United States in 1969 exported more 
basic aluminum products than were im- 
ported during the year. 

Legislation and Government Programs. 
—Shipments of stockpile aluminum ingot 


by the General Services Administration 
during the year totaled 139,269 tons, more 
than twice the amounts shipped in either 
1967 or 1968. | 

The Business and Defense Services Ad- 
ministration, (BDSA) U.S. Department of 
Commerce, established the aluminum set-a- 
side for defense and related orders at 
150,000 tons per quarter in 1969. At these 
levels, the quarterly set-asides represented 
ll to 12 percent of total industry ship- 
ments anticipated in each quarter. The 
set-asides are established by BDSA under 
the defense materials system to meet esti- 
mated needs of the Department of De- 
fense, Atomic Energy Commission, Na- 
tional Aeronautics and Space 
Administration, Federal Aviation Agency 
and related programs. 


Table 1.—Salient aluminum statistics 


(Thousand short tons and thousand dollars) 


1965 


United States: 
Primary production....... 2,754 
51, 337,795 


Value 

Price: Ingot, average cents 
per pound 24.5 
Secondary recovery. ------ 641 

Exports (crude and semi- 
cerude). ------------- 315 

Imports for consumption 
(crude and semicrude). . 620 
Consumption, apparent... 3,784 
World: Production 6,951 


1966 


2,968 
$1,446,011 


1967 1968 1969 » 


3,269 3,255 8,793 
$1,614,483 $1,639,621 $2,013,403 


24.5 25.0 25.6 21.2 
693 698 817 856 
330 366 351 575 
679 539 793 558 

4,002 4,009 4,662 4,660 
7,583 8,343 8,875 10,019 


p Preliminary. 


DOMESTIC PRODUCTION 


Primary.—The State of Washington, 
with its large supplies of electrical energy 
so nccessary to aluminum reduction, con- 
tinued at 953,000 tons, to be well ahead of 
the 13 other aluminum producing States in 
output. Second was Arkansas with 504,000 
tons; Tennessee, with 334,000 tons, was 
third. Kentucky, the newcomer, produced 
44,000 tons during 1969 from the new 
180,000-ton-per-year plant of National- 


Southwire Aluminum Co., which is owned 
by National Steel Corp., and Southwire Co. 
After the smelter is completed a rolling 
mill will be erected by National Steel, so 
that its production and recently acquired 


1 Physical Division of Nonferrous 
Metals. 
2 The quantities used throughout this chapter 


are short tons unless otherwise specified. 
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scientist, 
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end-product fabricating companies will com- 
prise an integrated operation. 

Again in 1969, reduction plant capacity 
was increased at a number of installations. 
The Aluminum Co. of America raised ca- 
pacities at its plants as follows: 125,000 
tons to 194,000 tons at Alcoa, Tenn.; and 
from 100,000 tons to 110,000 tons at Badin, 
N.C. Meanwhile, Reynolds Metals Co. 
raised capacities at several of its plants: 
From 55,000 tons to 63,000 tons at Arka- 
delphia, Ark.; from 109,000 tons at Jones 
Mills, Ark., to 122,000 tons; from 194,500 
tons to 220,500 tons at Listerhill, Ala.; and 
from 115,000 tons to 128,000 tons at Mas- 
sena, N.Y. Kaiser Aluminum & Chemical 
Corp. increased its Tacoma, Wash., plant 
capacity from 61,000 tons to 93,000 tons 
during the year. 

Total production capacity in the Uni- 
ted States at yearend 1968 was close to 
3,627,700 tons; one year later it was 
3,847,600 tons, an increase of about 6 per- 
cent in the year. 

The Anaconda Aluminum Co. became a 
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fully integrated producer in the fall when 
first shipments of alumina arrived at the 
Columbia Falls, Montana, reduction plant 
from a jointly owned bauxite mining and 
alumina operation in Jamaica. 

Alcan Aluminum Corp., the United 
States fabricating subsidiary of Alcan Alu- 
minium, Ltd., spent about $54 million im- 
proving its U.S. position during 1969. The 
Metal Goods Corp. of St. Louis, Mo., was 
acquired early in the year. The 100,000- 
ton-per-year cold-rolling mill at the com- 
pany's Oswego, N.Y., plant was completed, 
and other plant improvements at Oswego 
were also finalized. Operation of the Os- 
wego rolling mill was expected to result in 
a phaseout of this type of production at 
the company's Fairmont, West Va., plant. 

Several thousand acres of land near the 
John Day Dam in Klickitat County, Wash., 
25 miles southwest of Goldendale, were 
purchased by Harvey Aluminum Inc., and 
financing arrangements were completed for 
construction of Harvey's second reduction 
plant, which will increase output of the 


Table 2.—Production and shipments of primary aluminum in the United States 
(Short tons) 


1968 1969 » 

Quarter ' 
Production Shipments Production Shipments 
II ee 840 , 723 898,459 916,925 933,201 
hh ³ (h ĩͤ a ce wed 787, 864 839, 731 946,194 957,482 
Third no md ͤͥũ˖w-.. mw ene 741,431 756,857 952,204 952 , 750 
Für.... ues 885,024 908,008 977,739 977, 568 
(( ³˙»¾ꝛ»A.. ⁰ 3,255, 042 3,403, 055 3,793, 062 3,821, 001 


p Preliminary. 


Table 3.—Aluminum recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 


(Short tons) 


Kind of scrap 1968 1969 » 
New scrap: 
Aluminum- base 1661, 570 2 715, 046 
Copper-base -------------- 105 150 
Zine- base 88 85 
Magnesium- base 434 500 
rr aaa 662,197 715,781 
Old scrap: 
Aluminum-base. ..........- 153,959 139,645 
Copper- base 100 
Zine- base 544 500 
Magnesium- base 131 150 
TOUS Tz oo cnet a ee 154,711 140,395 
Grand total. 816,908 856,176 


Form of recovery 1968 1969 » 
As metall 72,132 47,641 
Aluminum alloys. ............ 728,784 792,218 
In brass and bronze 762 800 
In zinc-base alloys...........- 7,067 7,000 
In magnesium alloys.........- 1,089 1,050 
In chemical compounds 7,124 7,467 

DOVE EE 816,908 856,176 


p Preliminary. 
1 Aluminum alloys recovered from aluminum-base scrap in 1968, including all constituents, were 699,147 
tons from new scrap and 175,415 tons from old scrap and sweated pig, a total of 874,562 tons. 


2 Aluminum alloys recovered from aluminum-base scrap in 1969, includin 


all constituents, were 771,790 


tons from new scrap and 150,062 tons from old scrap and sweated pig, a total of 921,852 tons. 
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company by 100,000 tons, to 190,000 tons 
annually. 


The new, from the ground up, $100 mil- 
lion plant of the Fastalco Aluminum Co. 
at Frederick, Md., approached completion by 
yearend 1969. Eastalco is owned 50 percent 
by Howmet Corp. and 50 percent by Pé- 
chiney Enterprises It was expected by 
spring of 1970 that alumina, mainly from 
France, would begin to arrive at Balti- 
more, a 55-mile rail journey from the 
plant. Electric power was to be furnished 
by a local utility, and the reduction facil. 
ity was to be equipped with an extensive 
antipollution system. Extrusion billet and 
ingot will both be produced at Frederick, 
and ultimate planned annual capacity was 
155,000 tons. Initial output was expected to 
be about 85,000 tons per year. A new system 
for automatic control of individual pot volt- 
ages and anode effect will be employed to 
afford better control and to increase 
efficiency. Formerly these control adjust- 
ments were made manually. In fact, at 
Eastalco, a fully automatic method will be 
used to tend the pots, and a number of 
improved handling techniques are intended 
to increase operating efficiency and product 
quality. 

The new, 35,000-ton-per-year plant of 
the Gulf Coast Aluminum Company at 
Lake Charles, La., owned 100 percent by 
Alusuisse, was under construction through- 
out 1969 and was scheduled to commence 
operation in the fall of 1970. Consolidated 
Aluminum Corp. was supervising construc- 
tion and will oversee operation. Phelps 
Dodge has assisted in certain phases of the 
plant's development and is expected to 
share in its output. Electricity will be fur- 
nished by a gas fueled steam plant being 
built on the site. An electrode plant and a 
coke calcining plant also are part of the 
operation. 


Entry of Noranda Aluminum, wholly 
owned subsidiary of Noranda Mines Ltd. 
of Canada, into primary aluminum pro- 
duction began to take solid form in 1969. 
Located in a 4,000-acre industrial park 
near New Madrid, on the Mississippi 
River in extreme southeastern Missouri, 
the $85 million reduction plant and adja- 
cent $99 million, 600-megawatt thermal 
electric generating facility represented the 
largest single industrial investment in Mis- 
souri's history. Design and construction was 
contracted to Kaiser Engineers. Completion 
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of an adjacent rod and cable plant in 1969 
has created a ready market for part of the 
plant's output, once it is completed. Mean- 
while, the facility was being supplied with 
ingot from other primary producers. Alu- 
mina supplies for the plant will be barged 
up the Mississippi River from the Gulf 
Coast area. Output in initial stages will be 
70,000 tons of aluminum, with provision 
for ultimate production of 210,000 tons per 
year. The metal will mostly be consumed 
internally by the Noranda group of com- 
panies. First production was scheduled for 
the end of 1970, but construction was well 
ahead of the timetable throughout 1969.3 

The aluminum complex of Revere Cop- 
per & Brass, Inc., situated on Goose Pond 
Island in the Tennessee River near Scotts- 
boro, Ala., was rapidly taking shape during 
1969. Completion is not scheduled until 
1971. Initial capacity will be 112,000 tons 
per year of primary aluminum with provi- 
sion for future expansion to 336,000 tons 
annually. 

Northwest Aluminum, which was initi- 
ated by Bell Intercontinental Corp., was 
still proceeding with plans for a 130,000- 
ton-per-year primary aluminum smelter at 
Astoria, Oreg. Financing difficulties were 
blamed for additional postponements, and 
although the project had been started in 
1966, at yearend it did not appear that a 
target date earlier than July 1972 for the 
highly computerized plant would be possi- 
ble. Only site clearance and most of the 
engineering had been completed as 1969 
drew to a close, but it was generally con- 
ceded that the project had sufficient prom- 
ise to forestall abandonment. Alumina for 
the plant will probably come from Aus- 
tralia. 

Secondary.—Each recent year has seen 
great strides in recovery and use of sec- 
ondary aluminum, and its role in the alu- 
minum metal market continued to expand 
in 1969. Recovery of secondary aluminum 
from scrap in the United States again set 
a new record, a trend which has become 
quite common. Slightly more than 856,000 
tons were recovered in 1969, up 4.8 percent 
from the record of 1967, which in turn 
was 17 percent higher than in 1966, which 
was also a record year. Domestic recovery 
of aluminum alloys from aluminum-base 
scrap (including all constituents) was 


3 Noranda Mines Ltd., Toronto, Ontario, Can- 
ada Annual Report for 1969, Feb. 10, 1970, 
pp. 
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922,000 tons in 1969, an improvement of 
almost 5 percent over 1968 recoveries. Me- 
tallic recovery from new scrap held a 
strongly improved position in 1969 when 
there was a 10-percent increase in total 
volumes recovered. Recovery from old 
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scrap and sweated pig, however, decreased 
about 14 percent from 175,415 tons in 1968 
to 150,062 tons in 1969. 

Copper-, zinc, and  magnesium-base 
scrap also yielded greater amounts of sec- 
ondary aluminum in 1969. A total of 1,485 


Table 4.—Stocks receipts and consumption of new and old aluminum scrap and 
sweated pig in the United States in 1969 1 p 


(Short tons) 
Class of consumer and type of scrap Stocks Receipts Con- Stocks 
Jan. 1 sumption? Dec. 81 
Secondary smelters: 3 
New scrap: 
Solids: 
Segregated low copper (Cu maximum, 0.4 
SE GE 4,415 104,987 105,470 8,932 
E high copper 885 18,775 19,101 509 
ME low copper (Cu maximum, 0.4 percent) 2,055 74,249 74,075 2,229 
High zinc (7000 series type 422 9,863 9,491 194 
Mixed clipbp;ðv W W W W 
Borings and turnings: 
Low copper (Cu maximum, 0.4 percent) .-- w W W W 
Zinc, under Obpoereent ---------------- W W W W 
Zinc, 0.5 to 1.0 percent W W W W 
Other: A A AſA ( 1,214 62,780 62,525 1,469 
Foil, dross, skimmings, and other... 12,306 102,297 101,866 12,787 
Total new scrap---------------------------- 27 , 396 545,219 545,618 26,997 
Old serap nds... Eee Ew 6,745 109,041 110,061 5,725 
Sweated pig (purchased for own use) 2, 753 54, 453 52,619 4,587 
Total all classes. 86 , 894 708,713 708, 298 37,809 
Primary producers, foundries, fabricators, and chemical 
plants: 
New scrap: 
Solids: 
SE low copper (Cu maximum, 0.4 
Pee ee 88 2, 957 177, 567 177,407 3,117 
Seg edle. high copper 165 14, 670 14, 726 109 
Mixed low copper (Cu maximum, 0.4 percent) 5,031 53,515 56,105 2,441 
High zinc (7000 series type 277 2,479 2,357 399 
Mixed elipg-_¿ a l. bec ste cue ee W W W W 
Borings and turnings: 
Low copper (Cu maximum, 0.4 percent W W W W 
Zinc, under O. 5 percent W W W W 
Zinc, 0.5 to 1.0 percent W W W W 
GM ðVſ eee 169 18,487 18, 645 11 
Foil, dross, skimmings, and other 2, 383 45, 264 45,460 2,187 
Total neger 8 11,407 320, 322 323, 885 8,344 
Old scrap (solids )) 329 P 8,901 232 
Sweated pig (purchased for own use)... ......... 8,695 12, 834 15, 962 567 
Total all classes 15,431 841,960 848,248 9,148 
Total of all scrap consumed: 
ew scrap 
Solids: 
Segregated low copper (Cu maximum, 0.4 
DEEG dereen E Ra C MAE exe 7,372 282,554 282, 877 7,049 
Segr s ines high copper... 1,000 33,445 38 , 827 618 
Mixed low copper (Cu maximum, 0.4 percent). 7,086 127, 764 130, 180 4, 670 
High zinc (7000 series type 699 12,342 11,848 1,193 
Mixed clipbp ----------0M 2,558 77,332 77,387 2, 503 
Borings and turnings: 
Low copper (Cu maximum, 0.4 percent `` 1,369 15,952 16,914 407 
Zinc, under 0.5 percent 184 25,590 25,756 618 
Zinc, Obtolnpereent ---------------- 1,863 61,734 61,718 1,879 
%%0%%ͤͤq ßßdß k y 1,383 81,267 81,170 1,480 
Foil, dross, skimmings, and other 14,689 147,561 147, 326 14,924 
Total new serapn zzz 88,803 865,541 869,008 95,341 
Old scrap ond) 8 7,074 117, 845 118,962 5,957 
Sweated pig (purchased for own use) 6, 448 67,287 68,581 5,154 
Total all classes. 52,325 1,050,678 1,056,546 46,452 


P Preliminary. 
! Includes imported scrap. 
? Calculated. 


3 Excludes secondary smelters owned by primary aluminum companies. 


W Withheld to avoid disclosing individual company confidential data. 
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tons was recovered during the year, better- 
ing the previous year by 7.7 percent. Using 
the average 1969 price of primary ingot 
(27.2 cents per pound) as a base, the 
value of the 854,691 tons of aluminum re- 
covered from aluminum scrap was $465,000. 

Based upon reports to the Bureau by 
consumers of aluminum-base scrap and 
sweated aluminum pig, calculated con- 
sumption was 1,056,546 tons—up 41,476 
tons from the previous year. Independent 
secondary smelters used 67 percent of all 
aluminum base scrap, down from 69 per- 
cent in 1968. Primary producers took 
196,857 tons or 18.5 percent (up from 15 
percent the previous year and perhaps 
foretelling a trend), fabricators used 71,163 
tons or 7 percent, and foundries used 
80,228 tons, or 7.5 percent. 

The Bureau of Mines estimates that full 
coverage of the industry would show a 
total scrap consumption of 1,229,000 tons 
(up 41,000 tons from estimate of 1968) 
and a secondary ingot production of 741,000 
tons (down 2,000 tons). Calculated alumi- 
num recovery, based upon full coverage, 
would total 978,000 tons (up 53,000 from 
1968) and the metallic aluminum alloy re- 
covery would total 1,030,000 tons (up 
33,000 tons from 1968). Production of sec- 
ondary aluminum alloy ingot  totaled 
633,997 tons, a shortfall from 1968 produc- 
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tion of 1,200 tons. Remelt ingot data does 
not include alloys produced by primary 
producers from purchased scrap. A severe 
drop in the volume of pure aluminum re- 
ported as produced during the year was 
not overtaken by gains in production of 
other categories, especially the alloy 
AXS-679 and variations, and an overall 
modest shortfall is the result. 

Data obtained through a Bureau of 
Mines canvass were combined with data 
made available to the Bureau by the Alu- 
minum Smelters Research Institute. The 
latter covered operations of the institute's 
members and represent about 75 percent 
of the secondary aluminum smelter indus- 
try. 

The aluminum beverage can recycling 
program begun by Reynolds Metals Co. 
was intensified during the year by alerting 
the public to the value of recycling as an 
aid in solving the problems of litter and 
solid waste disposal. Experimental can re- 
clamation programs in Los Angeles and 
Miami won such acclaim that expansion 
plans were formulated for application in 
several more cities during 1970. A price of 
10 cents per pound for aluminum cans 
turned in to collection centers was possible 
because of high scrap prices, and many 
civic groups were becoming involved in the 
collection program. 


Table 5.—Production and shipments of secondary aluminum alloys, 
by independent smelters 


(Short tons) ! 


1968 1969 » 
Produc- Ship- Produc- Ship- 
tion ? ments ? tion ? ments ? 
Pure aluminum (Al minimum, 97.0 percent)... ..........- 72,132 72,935 47 , 641 41,480 
Aluminum-silicon: 
95/5 Al-Si, 356, etc. (maximum Cu 0.6 percent) ... 19,804 19,924 17,285 17,2384 
18 percent Si, 360, etc. (maximum Cu, 0.6 percent)... 42,668 42,634 46,082 45,419 
Aluminum-silicon (Cu, 0.6 to 2 percent 8,160 8,305 7,770 7,826 
No. 12 and variations 6,997 7,150 6,208 6,310 
Aluminum-copper (maximum Si, 1.5 percent) ............. 76 775 779 768 
No. 319 and variations 49, 672 49,908 50, 888 49,942 
h ⁰ kd set ecc cp 726 721 363 83 
AXS-679 and variations 838,495 333 , 846 856 , 444 353 , 419 
Aluminum-silicon-copper-nickel. .. ...................-- 28,234 27,973 25,228 25,422 
Deoxidizing and other destructive uses: 
Grades i ð k RECS RDR Rn SUR 16,932 16,596 19,579 19,730 
Grades ² ỹ 0 Eet EE 10, 186 10, 457 12,098 12,314 
Aluminum-base hardeners. . .................--......-- 7,001 7,026 6,679 6,432 
Aluminum-magnesium.___._... .. 1,039 1,142 905 896 
Aluminum-zine 22-2 . Ll LLL 2222222222222 7,067 7,312 6,440 6,658 
Miscellaneous... -------------------------------------- 25,317 25,597 29,623 30,186 
Totals elt cd 24 o ame . E E 635,192 631,696 633 , 997 630 ,373 


EE 
p Preliminary. 
1 Gross weight, including copper, silicon, and other alloying elements. Secondary smelters used 25,021 and 
28,781 tons of primary aluminum in 1968 and 1969, respectively, in producing secondary aluminum-base alloys. 
? No allowance was made for consumption or receipts by producing plants. 
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In the spring, a formerly closed plant in 
Buffalo, N.Y., which had recently been 
acquired by Sitkin Smelting & Refining Co. 
poured its first metal under the new own- 
ership, operating as Sitkin-Greenfield, Inc. 
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At the outset the plant was primarily a 
converting facility but was under full pro- 
duction of foundry ingot later in the year. 
A thoroughly modern air pollution control 
system was also being installed. 


CONSUMPTION 


On July 20, 1969, two American astro- 
nauts landed on the moon, and the role 
played by aluminum was easily visible to 
the more than one billion people who 
watched the event on television. For exam- 
ple, the Saturn launch vehicle is essentially 
all aluminum, and use of aluminum foil 
on the landing module (LEM) as the as- 
tronauts went about their tasks on the sur- 
face of the moon was obvious to viewers. 
In addition to many aluminum applications 
in the space program, demand continued 
to develop in the aviation industry where 
use of the new giant jet transports began. 
Aluminum is used in the Boeing 747 
plane, for example, in its frame and skin 
as plate, sheet, and forgings. Other large 
new aircraft were also creating big de- 
mand. 

According to figures prepared by the 
Aluminum Association from industry esti- 
mates, the percentage distribution of alu- 
minum metal shipments to the Nation’s 
various using industries was as follow: 


Percent Percent 


Industry of total of total 

1968 1969 

Building and construction 22.5 21.8 
Transportation. .............-. 19.7 18.4 
Electrical... eon 13.2 13.2 
Containers and packaging 10.2 11.0 
Consumer durables............ 9.9 9.7 
Machinery and equipment 6.9 6.5 
Exports 6.4 9.3 
Gf o·ꝛw̃ ⁰ e mier 11.2 10.2 
fr o esae 100.0 100.0 


Although the volume of primary alumi- 
num sold or used by producers continued 
its upward trend of recent years (increases 
were 6 percent in 1966, 6 percent in 1967, 
8.5 percent in 1968, and 12 percent in 
1969), apparent consumption in the 
United States decreased 0.1 percent in 
1969. Since exports rose markedly in 1969, 
it appeared that overseas markets absorbed 
the difference between the amount offered 
in the market place by producers and that 
quantity consumed domestically. 


The building and construction industry 
continued to be aluminum's principal mar- 
ket in 1969, but vigorous growth was lack- 
ing. The leveling off of the rate of new 
construction starts, brought about by anti- 
inflation measures, began to manifest itself. 
A sizable offset effect came from hefty in- 
creases in the numbers of mobile homes 
that were constructed. Use of aluminum in 
mobile homes increased 35 percent in 1969 


and was up to 124,000 tons at yearend. 


The use of aluminum Dy the transporta- 
tion sector also continued to climb, and 
the major consumer within this segment 
was again the automotive industry, partic- 
ularly passenger automobiles, which took 
more than one-third of the aluminum en- 
tering the transporation market. 

Aluminum also found increasing favor 
in the electrical industry where its use in- 
cluded underground distribution cable and 
aluminum main trunk feeder lines in com- 
merical construction. The telephone indus- 
try used aluminum in an increasing 
percentage of its wiring systems during the 
year. Many electronic device-makers were 
using more aluminum in components in 
1969. 

A growth of about 10 percent in the use 
of aluminum in food and beverage packag- 
ing occurred during 1969. The easy-opening 
aluminum can-end showed a big gain, es- 
pecially in beer and soft drink cans. As 
1969 ended it was estimated that 98 per- 
cent of the beer cans and 70 percent of 
the soft drink cans were equipped with 
éasy-open tops. Also, all-aluminum beer 
cans continued to gain favor at a rapid 
rate, displacing conventional steel-based 
cans used for this purpose. 

A special supplement to a regular issue 
of American Metal Market used as its 
theme, "Aluminum . . . Meeting the Needs 
of the Nation in the 70's." * Consumption 
developments were covered. 


American Metal Market. 1969 Aluminum Sup- 
plement, Aluminum . . . Meeting the Needs of 
Inc Nation in the 70's Nov. 19, 1969, Sec. 2, 

PP: 
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Table 6.—Apparent consumption of aluminum in the United States 


(Short tons) 
Primary sold Imports Recover ry Recovery Total 
Year or used by (net) ! from ol from new apparent 
producers scrap 2 scrap 2 consumption 
/// ⁰o¹ AAA 2, 786, 584 806,819 159,704 481,014 8,734,121 
1900-2... , 8 2,958, 274 850,400 186 , 876 556,155 4,001,705 
11k 8 8,136,186 174,728 128, 504 569 , 247 4,008 ,610 
1908 - uz o yon ee Eee 8,403,055 r 442, 273 154,711 662,197 74,662,236 
// ³·ðwwäA ͤ a NA 3, 821, 001 17,118 140, 395 715,781 4,660, 059 


v Preliminary. r Revised. 
! Crude and semicrude. Includes ingot equivalent of scrap imports and exports (weight multiplied by 0.9). 
2 Aluminum content. 


Table 7.—Net shipments of aluminum wrought and cast products 1 by producers 
(Short tons) 


1968 * 1969 p 
Mier t products: 

Sheet, plate, and fol... 1,956,687 2,185,926 
Rolled and continuous cast rod and bar; wire 468, 255 480, 840 
Extruded rod, bar, pipe, shapes, drawn and welded tubing and rolled 

structural shapes 5) ⁵ ⁵ ⁵ ↄ ⁵(᷑? ?:??? 8 985, 660 987, 710 
Powder, e.... ]ðV8 138, 186 138, 486 
V õo our MU a a LS e E Lue RN E 86,285 83,494 

„„ ⁵ðA ð d haku au E 3, 585, 028 3, 826, 406 

Castings: 
ö cO ODER km a OR um a Su E EE . 106,192 110,421 
Permanent mold. ... 1:22 1229210. ee ee ELS. OLX aS 192,334 217 , 022 
pr MEER 489, 420 513, 798 
. ³⁰o iwie ³ MEL d au E e u L 6,147 7,799 
C Tx MNT ? 794,093 2 849,040 
Grand tOte EE 4,379,116 4,675, 446 


r Revised. p Preliminary. 

! Derived by subtracting the sum of producers's domestic receipts of each mill shape from the domestic 
industry's gross shipments of that shape. 

? Subject to possible upward revision of approximately 10 to 15 percent. 


Table 8.—Distribution of wrought products 
(Percent) 
1968: 1969 v 


Sheet, plate, and foil: 


Nor ¶ ¶ñß ;; yͥ eL Lucr LE E 42. 0 44.4 
Heat-treatable.___ www RR ucc y EA 5.4 4.1 
Poke eee i 8 ct da t ³oÜ1WA.. ðù-Aöͥd yd ⁰ͥ⁰ m; ⁊ð x 7.1 7.9 
Rolled and continuous cast rod and bar; wire: 
Ród E EE 1.8 1.9 
Bare wire, conductor and non- conductor 1.4 1.2 
Bare cable (including ateelreirtoreed) l2. lll LL Ll... 6.9 6.2 
Wire and cable, insulated or covered__--._.-..-------------------------------- 8.0 8.3 
Extruded rod, bar, pipe, tube, and shapes: | 
Alloys other than 2000 and RAN EE TEE 121.9 22.0 
Alloys in 2000 and 7000 series..._.._.._.-.--.-.----------.-----------------+-- 1.4 1.8 
Tubing: 
Dr: o u Top, EE 1.8 1.2 
Welded, non-heat-treatabl h0ꝝ( LLL LLL LLL Lll eee 1.5 1.3 
Powder, flake, and paste 
e ß e ß S 3.4 3.2 
Flaked- 2o OO rE ed cr A uL ³o-q¹ m ͤ0— - aq Su muy S u eo e Y 
E telecom E y š ; 
f uuu Susu uuu LM LER u au 8 .2 » 
Forgings (including impact extrusions) ))) 2.4 2.2 
EOE aN tsa saa eh Sich chee © Marca bce Di a ta eh tee ³ ¶ 100.0 100.0 
r Revised. P Preliminary. 


1 Includes a small amount of rolled structural shapes. 
2 Includes a small amount of heat-treatable welded tubing. 
3 Less than .1 percent. 
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A 12-acre complex to accomodate a wide 
variety of prototype housing units, from 
vacation cottages to a small garden apart- 
ment development, has been created at AI- 
coa's technical center at Merwin, Pa., 
about 28 miles northeast of Pittsburgh. 
The company is developing the tract to 
prove in practice the feasibility and dura- 
bility of new systems and concepts aimed 
at achieving housing that can be efficiently 
mass-produced. Emphasis will be on alumi- 
num. One fascinating innovation is the use 
of aluminum extrusions to supplant the 
traditional wooden two-by-four used in 
studding and other framing components. 
Factory manufactured trusses and studding 
can be fastened quickly to horizontal 
plates that have been premarked and pre- 
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punched. The studs are slotted at each 
end to receive fasteners. Such aluminum 
members are said to be very strong, fire- 
proof, and termite free. Fabricated to exact 
dimensions, they will not warp, and are 
prepunched to allow passage of wiring and 
other utilities. Conventional siding may 
then be applied, or modular aluminum 
construction can be used, and if this is 
done, a house can be framed in by three 
or four men in 1 day and covered the sec- 
ond day. 

The whole project is dedicated to inno- 
vation and on-the-job trial. Alcoa employ- 
ees working at the technical center will 
live in the various units as they are 
erected and report regularly on their 
findings.5 


STOCKS 


Stocks of aluminum ingot in the hands 
of primary producers at yearend 1969 were 
down to 42,975 tons, less than one-third of 
an average week's shipments, as based 
upon an average of monthly shipments re- 
ported throughout the year. Stocks 1 year 
carlier had been 70,914 tons. Reduction 
plants also carried inventories of ingot and 
of aluminum in process. 

On the other hand, and for the second 
straight year, inventories at yearend 1969 
of secondary aluminum ingot were up 14 


percent over the previous year's close. 
Based on total shipments for 1969, the 
yearend inventory of 32,650 tons was equal 
to almost 3 weeks’ supply of secondary 
ingot. Inventories of purchased aluminum 
scrap in the hands of consumers at year- 
end totaled 47,516 tons, an increase of 6.6 
percent over those at yearend of 1968, and 
equal to slightly more than 2 weeks’ sup- 
ply based upon the total volume melted or 
consumed during the year. 


PRICES 


The rising trend in aluminum prices 
continued during 1969. Unalloyed primary 
aluminum ingot prices rose from 26 cents 
per pound for 99.5 percent purity as the 
year commenced, to 27 cents early in Janu- 
ary and increased to 28 cents in October 
1969. Prices for 99.99 percent super-pure 
ingot also rose in parallel action from 41.5 
cents per pound at the outset of 1969 to 
43.5 cents per pound by yearend. Posted 
prices of major producer alloys and most 
semifabricated products also increased 
about 2 cents per pound during the year. 
Sustained demand throughout the year and 
low producer and primary consumer inven- 
tories throughout the world were cited by 
the industry as reasons for the increases. 
Some industry quarters expressed a view 
that the price increases were not reflective 
of demand so much as moves by the in- 
dustry to develop a strong price structure, 


and that list prices were only rarely what 
a customer actually paid for his primary 
inctal. 


The price quotation service of the 
American Metal Market reflected that 
prices of various grades of smelter alloys 
generally had also risen during 1969. 
There were three price adjustments during 
the year, but not all alloys changed in 
price each time there was a change. In the 
schedule changes posted April 11, 1969, for 
example, the permanent mold casting 
alloy, D 132, which is used in making au- 
tomotive pistons, went from 30.5 to 32.0 
cents per pound (in 20 thousand-pound 
lots) down to 29.75 cents per pound. Alloy 
218 dropped from 32.75 to 33.75 cents per 
pound to 32.50 cents per pound. Generally, 


5 Metals Week Magazine. Alcoa's New Housing 
Concepts. V. 40, No. 49, Dec. 8, 1968, pp. 3-5. 
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however, alloy prices ranged upward dur- 
ing the year from 1.25 cents per pound to 
1.75 cents per pound. The popular 380 
(AXS-679) and variations rose from a 
wide-ranged 24.5 to 27.0 cents per pound 
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as the year began to a firm 26.5 to 27.0 
cents by yearend. The most widely used 
permanent mold casting alloy, No. 319, 
started the year at 25.75 to 26.75 cents per 
pound and closed out the year at 28 cents. 


FOREIGN TRADE 


United States foreign trade in aluminum 
turned strikingly during 1969, reversing 
the trade balance of recent years. Imports 
of metal fell sharply (29.6 percent) below 
those of 1968, while exports rose 64 per- 
cent and exceeded imports by slightly 
more than 17,000 tons. Just 1 year pre- 
viously, in 1968, there had been an import 
surplus of more than 442,000 tons. 

Among the classes of aluminum showing 
greatest. growth in exports were ingots, 
slabs, crude metal and scrap. Exports of 
these forms as a group, almost doubled in 
1969. Japan was by far the heaviest buyer 
of all three classes, taking 22 percent of 
the total of all aluminum exported from 
the United States. Other buyers were West 
Germany with 14 percent, and Belgium- 
Luxembourg with 7 percent. Belgium-Lux- 
embourg's purchases were predominately 
semi-fabricated forms, and West Germany 


took large tonnages of semis and an unu- 
sually heavy volume of scrap. 

Canada continued to dominate as sup- 
plier of imported aluminum, to the United 
States. The drop in total aluminum im- 
ports was partially paralleled by Canada's 
shipments to the United States, which fell 
16 percent. While Canada's total exports to 
the United States were lower in 1969, her 
share of the United States foreign alumi- 
num purchases rose from 66 percent in 
1968 to 78 percent in 1969. 

Effective January 1, 1969, in accordance 
with "Kennedy round" trade agreements, 
duties on certain unwrought and wrought 
aluminum products were further reduced 
and, during the year, were as follows: (in 
coils), 2.0 cents per pound; unwrought 
(other than aluminum silicon alloys, 1.1 
cents per pound; wrought (bars, plates, 
sheets, strip), 2.3 cents per pound. 


Table 9.—U.S. exports of aluminum, by classes 


Class 


Crude and semicrude: 


Ingots, slabs, and crude. ---------------------- 
CTO RM M ES ð v NM 
Plates, sheets, bars, ete____ . 2222. 2... 2.-- 
Castings and forginggggg ggg 
Semifabricated forms, n.e.c__.-..-------------- 


Manufactures: 


Foil and lest -2222an 


Powders and pastes (aluminum and aluminum bronze) 


(aluminum content)... ..................-.- 
Wire and cable... ..... 2-2. 22-22 Llc c2l l.l 


1968 1969 

Short Value Short Value 

tons (thousands) tons (thousands) 
---- 180,279 $85,855 844,414 $172,137 
49,427 16,017 86,255 33, 827 
---- 114,062 71,418 135,707 . 99,596 
HUN ,027 10,104 4,960 10,478 
MN 3,538 6,235 4,134 1,122 
-.. 350,883 195,629 574,870 323,755 
eU 4,070 6,937 5,300 8,481 
3 1,287 1,593 1,299 1,510 
a5 11,635 10,177 10,082 7,942 
16,992 18,707 16,681 17,933 
867,825 214,336 591,551 841,688 
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Table 11.—U.S. imports for consumption of aluminum, by classes 


1968 1969 
Class 
Short Value Short Value 
tons (thousands) tons (thousands) 
Crude and semicrude: 
Metals and alloys, erude 685,699 $298,759 468,286 $214,845 
Circles and disks 1,15 ,451 7,014 4,610 
Plates, sheets, etc. n.e. eee. 42, 243 27,311 37,579 24,848 
Rods and bar 12,136 9,054 12,616 9,601 
Pipes, tubes, ete LLL LLL LLL clc l22 22 222-2 - 7,751 5,691 8,457 8,471 
izr ß ̃ ß p Me u hu e 87,521 12, 134 28,850 11,003 
1 TIERE QR RR r 793,106 358,400 557,752 267,878 
Manufactures: 
C 232 é 2, 105 3, 633 1,924 8,405 
Leaf (5.5 by 5.5 inches) 2 2. 2-2... ..2-2-- (1 16 1 84 
Flakes and powder e 289 270 773 597 
en eee ep tes eee eee eee ae 715 582 837 777 
P ĩĩ]ÜÜ ⁵³¹ m ¾¹r¹ꝛ² lu tee 3,109 4,501 3, 534 4,818 
Grand total: ð r796,215 r362,901 561,286 272 ,686 


t Revised. 
5 2,624,000 leaves and 15,155,726 square inches of leaf; 1969: 2,690,000 leaves and 78, 143, 447 square 
inches. 
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WORLD REVIEW 


The world's primary aluminum output 
showed another substantial increase in 
1969 when it rose 12.5 percent above that 
of the previous year, a rate far in excess of 
the annual average increases for the dec- 
ade of the sixties. Two countries were new 
to the list of primary producers during 
1969: Iceland with 13,600 tons and South 
Korea with 6,950 tons. Among the free 
world producers notable increases in out- 
put were recorded for the Netherlands, 
Canada, Japan, Australia, and the United 
States. Although only estimated, three con- 
trolled economy nations showed large in- 
creases in primary aluminum output: Ru- 
mania, mainland China, and the U.S.S.R. 

Among established aluminum producing 
nations, Australia, India, Japan, the Neth- 
erlands, West Germany, and the United 


States had large increases in existing pri- 
mary aluminum-producing capacity during 
1969, with the greatest gain made by 
Japan. Five countries, Australia, India, 
Japan, Poland, and the United States, saw 
entirely new reduction plants go on stream 
during 1969. 


Capacities of the world's primary alumi- 
num plants at the end of 1969 are detailed 
in table 14. The directory of aluminum 
ingot producers and semifabricators of the 
free world, which was first released by the 
U.S. Department of Commerce in 1968, was 
revised late in 1969.6 


6 U.S. Department of Commerce, Business and 
Defense Services Administration. Foreign Free 
World Producers of Aluminum. Primary Ingot, 
Sheet, Plate, Foil and EOD December 1968, 
with Revision of Mar. 3, 1970, 34 pp. 


Table 13.— World production of aluminum by countries 
(Short tons) 


Country 1967 1968 1969 » 
North America: 

Ce TEE 975,439 978,699 1,098,079 
7777700 octo eu yd i y y MR ste e 23,714 24, 822 35, 696 
United stresses 8 3, 269,259 3,255, 042 3,793,062 

South America 
Brags aise —É——— ———— np ——— 41,600 45,700 47, 620 
Sunnam ioc r ꝛ˙¾Ʒ˙ö— xx vt md 8 84,279 48,000 58,558 
fl a ⁰ E cha 8,400 11,100 15,200 
Europe: 
E11 TEMERE ee est TREE 86,800 94,687 105,800 
Czechoslovakia iu 72,060 72,000 72,000 
i ß 398, 100 403,300 409, 100 
Germany: 
/i ³Ä.AA 88, 000 88,000 88,000 
WS: Za ³ ³n e 278, 700 283, 765 289, 599 
))) ³ unes Lu sees e EIE alt 79,000 84,000 88,000 
Ff ³owiAA 0h ⁰⁰d d ma ea 68, 000 69, 000 71,000 
CCN IN pa a eh eget 13,600 
Italy ec aeree Zm mu ³Ü.1¹. en ica S Sama A LT NV ee 140,851 156,912 158,908 
N atherlande. Lu Za kasu hte antl Ee 85,000 54,000 79,000 
i fd EE 397,915 516, 000 564, 000 
Poland e ß Ui eet 101, 700 103, 000 106, 704 
NV as ͥ⁰⁰⁰0 0h mv... ĩð . eee eee ee 58,187 84, 000 98,800 
LC EE 86,180 98,000 113,600 
SJ ͥͤ ůÄ PPP ³ ↄ Ay k 88 37, 809 61, 500 73, 634 
„ ß 2 ut RECT u Aa 79,697 84, 700 85, 098 
U.S.S.R. e (primary).....-.cuccclc-l2olc-2i2e0c0-2c2--09 49 c2 1,064,000 1,102,000 1,218,000 
United Kingdom. ..........................-. l.l llle... .- 43,00 42,000 37,2 
Yugoslavia T. ß d uL ELE 49,100 58,000 58 , 800 
Africa: 
Cameroon, Republic of._.........-...---.----.------------ 58, 268 50, 000 51, 500 
J＋J́uö— ...... yy yy u Sa E 48, 752 120, 040 124, 680 
Asia: 
hir é ]]¶¶]] ] 2 ul ee e 88,000 99,000 132,000 
1111111 ⁰ͤ¹ͤi! .. E E 106, 068 132,300 144,579 
JJ Z a N ES 421,123 531,209 626 ,984 
Korea Eeer 8 6,950 
i ß ß EE 17,020 22, 000 24,371 
Oceania: Australia „„ 102, „286 107, 300 139, 354 
ge AC 00 ͥ ͥ ͥ ͥ TTT. uA DEL doa s E r 8,343,258 8,875,076 10,019,084 
e Estimate. p Preliminary. r Revised. 
1 Exports. 


? Includes secondary. 


3 Includes super-purity: 1967, 3,176; 1968, 3,912; and 1969, 4,059. 


4 Totals are of listed figures only. 
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Table 14.—World producers of primary aluminum 


(Thousand short tons) 


Annual 

capacity, 

yearend 
1969 


Country, company, and plant location 


Ownership 


FREE WORLD 


NORTH AMERICA 
United States: 
Aluminum Company of America (Alcoa): 
Alcoa, ens ECC que 
Badin, Ne EE 
Evansville (Warrick), Ind.................- 
Massena, N. K 
Point Comfort, Tex....................-.-- 
Rockdale, TE tn 
Vancouver, Was 
Wenatchee, Waabh --------------0M 


Ravenswood, W. Va. .........---..-.-...- 
Tacoma, Wass 


Intalco Aluminum Corp. 
Ferndale (Bellingham), Wag 


Ormet Corp., Hannibal, Ohio 


Anaconda Aluminum Co., Columbia Falls, Mont. 
Consolidated Aluminum Corp. (Conalco), New 

Johnsonville, Tenn.........................- 
Harvey Aluminum (Inc.), The Dalles, (reg... 
National-Southwire Aluminum Co., Hawesville, 


Total United States 


Canada: 
Aluminium Company of Canada, Ltd. 
Arvida, Quebec... .....-.--.-----.------- 
Beauharnois, Quebec 
Isle Maligne Qu eber 
Kitimat, British Columbia. 
Shawinigan Falls, Quebec.................- 


Total 
Canadian British Aluminium Co., Ltd. (CBA), 
Baie Comeau, Quebeeee e 


Total North America. ..-.------------------ 


SOUTH AMERICA 
Brazil: 
Aluminio Minas Gerais, S.A., Saramenha, Minas 


Cia. Brasileira de Aluminio S.A. (C. B. A.), 
Sorocaba, Sad Paulo, --------------------- 
Surinam: 
Suriname Aluminium Co. (Suralco), Paranam 
Venezuela: 
Aluminio del Caroni, S.A. (Alcasa), Matanzas.... 


Total South America.......................- 


Self 100 percent. 


Self 100 percent. 


Self 100 percent. 


American Metal Climax, Inc., 50 percent, 
Howmet Corp. 25 percent, Péchiney 
Enterprises, Inc. 25 percent. 

Olin Corp. 50 percent; Revere Copper & 
Brass Inc. 50 percent. 

The Anaconda Co. 100 percent. 

Swiss Aluminum, Ltd. (Alusuisse) 100 
percent. 

Martin Marietta Corp. 87.2 percent. 

National Steel Corp. 50 percent. 

Southwire Co. 50 percent. 


Alcan Aluminium Ltd. 


Reynolds Metals Co. 83.5 percent. Tube 
Investments, Ltd. 16.5 percent. 


Aluminum Co. of America 44 percent. 
Private Mexican Interests 56 percent. 


Alcan Aluminium Ltd. 


Industria Votorantim, Ltd. 80 percent. 
Government 20 percent. 


Aluminum Co. of America 100 percent. 


Reynolds Metals Co. 50 percent. Govern- 
ment 50 percent. 
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Table 14.—World producers of primary aluminum—Continued 


(Thousand short tons) 
Annual 
capacity, 
Country, company, and plant location venend 


Ownership 


FREE WORLD—Continued 


EUROPE 
Austria: 
Salzburger Aluminium G.m.b.H. (SAG), Lend, 
Sl ³ ³ K ĩ EE 
Versini te EMetallwerke Ranshofen-Berndorf, A.G. 
B) Ranshofen. 


France: 

Compagnie Péchiney: 
Auzat, ieee oes sss 
Chedde, Haute-Savoie... . 
La Praz, Soe. EE 
L'Argentiére, Haute-Alpes. ...............- 
La Saussaz, Sa vol˖WMMe 
Nogueres, Basses-Pyrénées. ........... median 
Rioupéroux-Isére. .................. 2. ...- 
St. Jean de Maurienne-Savoie. ............- 
Sabart-Ariege 

Societé d'Electrochemie, a O Oron alure et 

des Acieries Electriques d'Ugine (Ugine): 

Lannemezan-Haute Pyrénées 
Venthon-Sa volle 


Germany, West 
Aluriniumm-Eutte Rheinfelden G. m. b. H., Rhein- 


felden, Baden. 
Vereinigte Aluminium-Werke A. G. (VAW: 
Erftwerke, Grevenbroich 
Innwerke, T Elo t oe ce eee 
Lippenwerke, Lunen .. 
Rheineerke 
ß dinaa a aa 
Greece: 
Aluminium de Grèce S.A. (ADG), Distomon 
Iceland 
Icelandic Aluminium Co., Hafnarfjordur........ 
Italy 


Alcan Alluminio Italiano S.p.A.: 

Borgo-Franco d'Ivrea. .................-.- 
Montecantini-Edison S.p.A.: 
Bolzünó.... o ecd ²mm Äͥ a 


MOF oo sch te r ⁵⅛ Ä ĩðâ v cs ewsra MES 
Societe A iiuminio Veneto per Azioni S. p. A. 
3 


M ⁰˙¹ AA ͥͥͥͥͥ0ͥ‚ͥͥ ¹˙·¹wwrmn maus hc 
Netherlands: . 
Aluminium Delfzijl N.V. (Aldel), Delfzijl 


Norway: 
Alnor A/S (Alnor), Karmay Island! 


A/S SA og Sunndal Verk (ASV): 


Det Norske Nitridaktieselskap (DNN): 
Benn .. cene ee 
T ysseldal 

Mosjgen Aluminiumverk A/S (Mosal), Mosjoen 


Sger-Norge Aluminium A/S (Soral), Husnes- . - - - 
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Alusuisse. 


Government. 


Self 100 percent. 


Ugine-Kuhlman S.A. 


Alusuisse. 


Government. 


Pechiney 72 percent, Ugine 18 percent, 
Government 10 percent. 


Alusuisse. 


Alcan. 


Government 11 percent, Montecantini 
Edison 89 percent. 


Alusuisse. 


Hoogovens 50 percent, Alusuisse 88 per- 
cent, Billiton 17 percent. 


Harvey 49 percent, Norsk Hydro 51 
percent. 


Government 50 percent, Alcan 50 percent. 


Alcan 50 percent, British Aluminium 50 
percent. 

Alcoa 50 percent, Elekem 50 percent, 
Alusuisse 100 percent. 
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Table 14.—World producers of primary aluminum—Continued 
(Thousand short tons) 


Annual 
capacity, 
yearend 
1969 


Country, company, and plant location Ownership 


FREE WORLD—Continued 


EUROPE Continued 
Spain: 
Aluminio Espanol S.A. (Alumespa), Sabinanigo, 
l.l rl EUM MEET 
Aluminio de Galicia, S.A. (Alugasa), La Coruña.. 


Empresa Nacional del Aluminio, S.A. (Endasa): 


III e 
CHIC, Te, WEE 
TO EE 
Sweden: 
A/B Svenska Aluminiumkompaniet (Sako), 
Sundsvall, Kubikenborg.............-.-..--- 
Switzerland: 
Swiss Aluminium Ltd. (Alusuisse): 
s nc 
Usine d'Aluminium Martigny, S.A., Martigny 
%/ö§ö»ê—Ü½½½½½½½½½½½dddßͤͤ cds uc dud D 
United Kingdom: The Brivish Aluminium Co., Ltd. 
(Baco). 
Kinlochleven, Scotland 
Lochaber (Ft. William), Scotland. 
ll 8 
Yugoslavia: State-owned works: 
Kidrice vo, Slovenia „„ 
TOZOVEC hö. ³˙ÜwmꝛnmnJJA y uuu 
e ß EEN 
Total. ³ow-w aE nE 
Total Europpbkeeeee . . . . 2 ...-.-.-- 
AFRICA 
Cameroon: 
Compagine Camerounaise de  l'Aluminium 


Péchiney-Ugine (Alucam), Edea.. ...........- 
Ghana: Volta Aluminium Corp. (Valco), Tema....... 
Total riese... naia 


ASIA 
India: 

Aluminium Corp. of India Ltd. (Alucoin), Asansol, 
West Bengallkkk2kJkRknck„„ 
Hindustan Aluminium Corp. Ltd. 
Rendkoot, Uttar Prades ...............- 

Indian Aluminium Co. Ltd. (Indal): 
Belgaum, Bomba 
Alupuram, Kerala aa 
Hirakud, Oris a 
Madras Aluminium Co. Ltd. (Malco), Mettur, 
// EE 


eee ß 2 a Sus 


Japan: 
Mitsubishi Chemical Industries, Ltd., Naoetsu 
Nippon Light Metal Co. Ltd. (NKK): 
eri € 


Omachi- Zat aaa td eer 


EE = econ fee ↄ ĩð EEEn NEENA 
h ⁰¹ A ZA 


Pechiney. 


Pechiney 70 percent, Endasa 15 percent, 
Government 15 percent. 


Government 54 percent, Alcan 25 per- 
cent, Spanish interests 21 percent. 


Svenska Metallverken 79 percent, Alcan 
21 percent. 


Alusuisse 100 percent. 


Self 100 percent. 


Tube Investments, Ltd. 49 percent, 
Reynolds Metals Co. 48 percent. 


State owned. 


Péchiney 48 percent, Ugine 12 percent, 
Cobeal 10 percent, Comal Cie, 30 
percent. 

Kaiser 90 percent, Reynolds 10 percent. 


Self 100 percent. 


Kaiser 27 percent, Birla and Indian Inter- 
ests, 73 percent. 


Alcan 65 percent, Indian Interests, 35 
percent. 


Montecantini Edison 27 percent, Madras 
State Government 73 percent. 


Self 100 percent. 


Alcan 50 percent, Japanese interests 50 
percent. 


Self 100 percent. 


Self 100 percent. 
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Table 14.—World producers of primary aluminum—Continued 
(Thousand short tons) 
Annual 
capacity, 
Country, company, and plant location E Ownership 


FREE WORLD —Continued 


ASIA—Continued 
South Korea: 


Korean Aluminum Co. (S. Korea, Han Kuk), Ulsan. 18 Korean interests 100 percent. 
Taiwan: Taiwan Aluminium Corp. (Taialco), Kaoh- Government. 
siung an x apu ERES 42 
Total TT GEN 955 
OCEANIA mE 
Australia: Alcan Australia, Ltd., Kurri-Kurr i 30 Alcan 2d percent, Other interests, 20 
percent. 
i es d Australia Pty. Ltd., Point Henry (Gee- 8 Alcoa 51 percent, Australian interests 49 
EE percent. 
Condes Industries Pty. Ltd., Bell Bay, Tasmania. 81 Kaiser 50 percent, Conzinc Rio Tinto of 
Australia, Ltd. 50 percent. 
1Jö·*— ³⁰¹üwꝛäAAAAñ 8 210 
Total free world 38,733 
COMMUNIST COUNTRIES 
EUROPE 
Czechoslovakia: Ziar Aluminium Works, Ziar-on-Hron. 68 State owned. 
Germany, East: Electrochemisches Kombinat: State owned. 
te E ET, WEE 55 
Lautawerk.... .......-...---. „„ 20 
Totals suu noe azu uM Lach M e 75 
Bake Magyarsoviet Bauxite Ipar: i State owned. 
Ee 00 EN E M UN ee 
DOUG EE 32 
a ĩðViq ³ 15 
J AAA 8 66 
Poland: Ministry of Heavy Industry: State owned. 
Konin Works (1)---- ..  . 61 
Konin Works : mme E 47 
Skawina Work 61 
ö ⁰˙ͥÜ1(˙dd%ͤ᷑ act ⅛³ e n ie 169 
rk ũ ³oÜwꝛmA y D ELE 112 State owned. 
F ³o·Üiꝛ ⁰ʒ ʒ aes 13 
% ⁰ 125 
U. S. S. R.: 
Bogoslovsk (Krasnoturinsk), Sverdlovskaya Ob- State owned. 
last; Urals. uo co 5 155 
Bratsk, Irkutskaya Oblast, Siberia. 295 
Irkutsk (Shelekhovo), Irkutskaya Oblast, Siberia. 220 
Kamensk-Ural'skiy, Sverdlovskaya Oblast „Urals. 150 
Kanaker (Yerevan), Armenia. ................- 80 
Kandalaksha, Murmanskaya Oblast... 85 
Krasnoyarsk, Snes Kray, Siberia 250 
Nadvoitsy, Karelskaya, A Rm MEE 40 
Novokuznetsk (Stalinsk), Kemeroyskaya Oblast, 
lee DEE 175 
Sumgait (Kirovabad), Azerbaijan..............- 90 
Volgograd (Stalingrad) Volgogradskaya Oblast 135 
Volkhov (Zvanka), Leningrad Oblast 22 
Zaporozhye (Dneprovsk), Zaporozh-Skaya Oblast, 
e in 80 
Total. d LAE 1,727 
Total Europe. oc ducc Sites sees 2,230 
ASIA 
China, mainland: Twenty locations 210 
North Korea: Three locations. ....................- 89 
Noe ³⅛ðÄ- 8 249 
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Australia.—Australia saw its third alu- 
minum smelter go into operation on 
November 14, 1969, when Alcan Australia 
Limited and associated Australian investors 
inauguarated the 30,000-ton-per-year smelter 
at Kurri Kurri, 25 miles west of New Cas- 
tle in New South Wales. As soon as the 
plant was operational, expansion to 50,000 
tons was begun. Alcoa of Australia's Point 
Henry smelter in Victoria matured from 
40,000 tons to 99,200-ton-per-year capacity. 
Australia also welcomed plans by Comalco 
Industries Pty. Ltd. to spend $9 million to 
increase output at its Ball Bay, Tasmania, 
plant from its present 80,000-ton-per-an- 
num capacity via a third line of reduction 
furnaces, to about 105,000 tons by 1972. 
This will establish Bell Bay as Australia's 
largest primary aluminum smelter. 

In addition, alumina refinery capacity 
and bauxite mine production boomed in 
1969 and came close to pushing the United 
States out of its leading slot among the 
world's alumina producing nations. Details 
are in the Minerals Yearbook chapter on 
Bauxite. 

Production from Australias burgeoning 
aluminum metal plants was destined for 
consumption domestically, particularly in 
construction, packaging, and transportation 
sectors. Under promising marketing ar- 
rangements, success in expanding markets 
in Southeast Asia, Japan, and elsewhere 
seemed assured, at least to the mid-seven- 
ties. 

By the end of 1969, Australia's metal ca- 
pacity stood at 210,000 short tons per year, 
up from 127,000 tons 1 year earlier. 


France.—Lack of low-cost electricity con- 
fined France's primary aluminum output 
to a l-percent increase, despite strong de- 
mand. Additional power will be made 
available in 1970, which should permit an 
increase in production from about 410,000 
tons in 1969 to about 450,000 tons within 
2 years. 

Although there was little increase in pri- 
mary aluminum production in France dur- 
ing 1969, considerable progress was 
achieved in the output of secondary alumi- 
num. Against an output of 69,000 tons in 
1967 and 81,100 tons in 1968, France pro- 
duced nearly 100,000 tons in 1969. 


Germany, West.—Consumption of alumi- 
num rose to an alltime high in 1969 and, 
since all capacity in the nation was being 
used, much was imported. About one-third 


MINERALS YEARBOOK, 1969 


of the imports come from common market 
sources. Looking ahead, West German con- 
sumption by 1975 was expected to risc 
about 70 percent over that of 1969. 

To keep pace with such requirements, 
expansion of existing plants and construc- 
tion of new units was under way that 
would increase West Germany's capacity by 
about 650,000 to 770,000 tons per year by 
1972. The Vereinigte Aluminium-Werke 
plant at Innwerk doubled its production 
during the year. Among the first to be op- 
erational was the 22,000-ton-per-year Ge- 
brueder Giulini G.m.b.H. smelter at Lud- 
wigshafen. 

In late 1969, Kaiser Aluminum & 
Chemical Corp. joined with Preussag A.G. 
to form a new major integrated aluminum 
complex to serve Germany, Italy, Belgium, 
and Switzerland. The .new firm, Kaiser- 
Preussag Aluminium, will be equally held, 
and a smelter already begun by the two 
companies at Voerde was contributed to 
the pooled operation. This operation will 
boost fabricating facilities plus production 
and marketing components for a variety of 
aluminum products. Headquarters of Kai- 
ser-Preussag is at Düsseldorf. The firm will 
have about 2,000 employees when at full 
operational status. Other plants also werc 
on the way. 

Secondary aluminum was also under great 
presure, and in 1969 production rose 
about 24 percent over that of the previous 
year. 


Iceland.—Initial production of primary 
aluminum began during the summer of 
1969 at Iceland's first aluminum plant lo- 
cated at Hafnarfjórdhur, near Reykjavik. 
Ultimate planned output is around 85,000 
tons by 1975, to be achieved in annual in- 
crements, depending upon expansion of 
the plant's power supplies. The Icelandic 
Aluminium Co. Ltd., a subsidiary of Alu- 
suisse, was to use alumina from the parent 
company at startup, but later intends to 
use alumina produced in Australia by a 
Swiss-Australian consortium known as Na- 
balco Pty, Ltd. 


India.—India’s primary aluminum pro- 
duction capacity in 1969 was 200,000 tons 
per year, and a target goal of 300,000 tons, 
considered to be approaching adequacy, 
were expected by mid-decade. 

Until a very few years ago, India's alu- 
minum consumption went almost exclu- 
sively into kitchen utensils, simple house- 
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hold appliances, and window frames. By 
1969 it was being used extensively as a sub- 
stitute for costly imported copper and its 
alloys, and for uses normally employing 
such metals as stainless steel, silver, gold, 
nickel, zinc, plastics, etc. Bauxite is rela- 
tively plentiful in India, whereas most 
other ores of nonferrous metals are not ad- 
equate. 

In 1969 there were four companies ac- 
tually producing aluminum from six smelt- 
ers in India; two new firms, including the 
Government-owned Bharat Aluminium Co., 
Ltd., had entirely new plants on the draw- 
ing boards. The $60 million Belgaum 
plant of the Indian Aluminium Co. (owned 
35 percent by Indian shareholders and 65 
percent by Alcan Aluminium, Ltd.) in My- 
sore State went into production in October 
1969; rated capacity was 33,000 tons per 
year. It produced about 5,000 tons in 1969, 
but was expected to turn out a near Ca- 
pacity tonnage in 1970. 

Consumption of seconday aluminum in 
India approached 14,500 tons in 1969, 
which is equal to the amount used in the 
United States in about 3 weeks. 


Iran.—In December 1969 the German 
firm of Kléckner-Humboldt-Deutz and 
their consortial partners, Brown, Boveri 
and Co., A.C. of Mannheim announced re- 
ceipt of an order from the Iranian Alu- 
minium Co. Ltd. (Iralco) for erection of 
Iran’s first aluminum smelter to cost about 
$40 million. Site is about 200 miles south- 
west of Teheran. The 45,000-ton-per-year 
smelter will be in the industrial area of 
Araq, where transportation and climate are 
favorable. Alumina will be imported. Two 
potlines are planned, each containing 140 
cells operating on 70 kiloamps with discon- 
tinuous and baked anodes. The plant 
foundry will be equipped with four 30-ton 
holding furnaces and a homogenization 
furnace. 

Powcr facilities, carbon clectrode produc- 
tion, laboratory, workshop, and all other 
necessary facilities are to be built at the 
site. The site will be served with special 
railroad equipment and via the Persian 
Gulf port of Bandar Shapur. 


Japan.—Japan’s rapid economic growth 
in the 1960’s influenced growth in alumi- 
num demand beyond even the most opti- 
mistic estimates of the industry. Long and 
short-term forecasts were under constant 
upward revision, and demand for more 
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than 1 million tons per year appeared 
likely by 1970. Japan' capacity by 1969 
was around 700,000 tons; the difference was 
supplied by imports. There are five compa- 
nies in Japan engaged in aluminum smelt- 
ing and in 1969 there were 10 plants ac- 
tively operating. Also, there were seven 
projects under way to expand Japan's near 
future aluminum capacity. 

The 64,000-ton-per-year reduction plant 
of the Nippon Light Metal Co. Ltd., 
(NKK) at Tomakomai, Hokkaido, became 
operational late in the year, and produced 
about 1,600 tons of primary aluminum in 
1969. Full output was anticipated in 1970. 
An adjacent site was being prepared for 
construction of an alumina refinery which 
would be completed in 1972. Alcan sup- 
plied technical aid to the project and also 
assisted in establishing raw materials sup- 
ply. Nippon Light Metal was also project- 
ing an increase in the capacity of its Nii- 
gata plant from the present 66,000 tons 
per year to 155,000 by 1972 with some 
on stream production in 1971. 


Korea, South.—In July 1969, South Ko- 
rea's first aluminum reduction plant was 
offically inaugurated at Ulsan, north of 
Pusan on the Sea of Japan. Capacity was 
around 17,500 short tons, but production 
in 1969 was about 3,500 tons with full out- 
put anticipated in 1970. Japanese alumi- 
num interests lent technical and other as- 
sistance. An extrusion plant was located 
nearby, and at Seoul a 2,000-ton-per-year 
aluminum foil plant was contemplated. 


Netherlands.—On April 14, 1969, Kon- 
inklijke Nederlandsche ` Hoogovens en 
Staalfabrieken N.V. and N.V. Billiton 
Maatschappij announced the bringing to- 
gether of their aluminum interests in an 
equally held company known as Holland 
Aluminium N.V. Among the units brought 
into Holland Aluminium was Aluminium 
Delfzijl (Aldel) which operates the Neth- 
erlands' only primary aluminum smelter, 
enlarged to 79,000 tons per year capacity 
in 1968. In 1969, decision was made to 
lengthen potlines to increase capacity to 
about 106,000 tons. This will be done in 
two stages with some increases scheduled 
for 1970 and ultimate step-up to be ready 
in 1971. 

Toward mid-1969, the French alumi- 
num producer, Péchiney, announced plans 
to build Holland's second smelter, of about 
83,000-ton-per-year capacity, near Flushing 


170 


in the province of Zeeland. Aiming at pro- 
duction in 1973, output will be sold to the 
Benelux countries and France. The loca- 
tion near the North .Sea will also make 
overseas export possible. 


New Zealand.—In October 1969, Kaiser 
Engineers & Constructors, Inc, was 
awarded a contract which ultimately will 
result in New Zealand’s first primary alu- 
minum smelter. Owner and operator will 
be New Zealand Aluminium Smelters, Ltd., 
a firm owned 50 percent by Australia’s 
Comalco Industries Pty. Ltd. and 25 per- 
cent each by two Japanese aluminum 
producers, Showa Denko K. K. and 
Sumitomo Chemical Co., Ltd. By late 1971, 
output from the plant’s initial capacity of 
85,000 short tons will begin. Increased ca- 
pacity, as needed and up to 250,000 short 
tons, has been incorporated in the plans. 
The NZ $92 million plant will be located 
near Bluff, close to the southerly tip of 
New Zealand's South Island where a deep 
water harbor and low-cost electric power 
from the NZ $98 million Lake Manapouri 
hydroelectric project (now under construc- 
tion) will be available. Alumina will be 
supplied by Comalco from Australian baux- 
ite mined at Weipa and refined at Glad- 
stone, Queensland. 


Norway.—A very dry summer in 1969 re- 
sulted in a shortage of hydroelectricity, 
which caused some of the eight Norwegian 
aluminum smelters to curtail output. 
Heavy demand, mostly export, then led to 
reduction in stocks because of the curtail- 
ment in production. 
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Construction of the first stages of a new 
smelter for Elektro Kemisk A/S (Elkem) 
and Alcoa, at Lista in Southern Norway, 
started in 1969. This 36,000-ton facility is 
scheduled to become operational early in 
1971. 


Det Norske Nitridaktieselskap increased 
output at their 22,000-ton plant at Tyssedal 
in South Central Norway during 1969 by 
about 4,500 tons. 


Poland.—The Government-owned alumi- 
num smelting complex at Konin may have 
been almost doubled in size during 1969 if 
reported startup at the new Konin-2 reduc- 
tion plant is correct. Konin-1 has a capac- 
ity of around 60,000 tons, and Konin-2 is 
said to be capable of about 48,000 addi- 
tional tons when it begins operation. At 
present, the plant is understood to be im- 
porting its alumina, and work is going for- 
ward on a direct bauxite-to-aluminum 
process but all details are very sketchy. 
Another plant in Poland, at Skawina, has 
about the same productive capability as 
Konin-1. 


Rumania.—Rumania’s productive capac- 
ity increased 33 percent in 1969 over pre- 
vious years when expanded facilities went 
into operation at the Slatina reduction 
plant, raising capability of the plant to 
112,500 tons. The country’s total capacity 
is 125,000 tons. Availability of adequate 
electricity, labor, and of some raw mate- 
rials are cited as reasons for the choice of 
Slatina as the locale for this Government- 
owned and operated plant. 


TECHNOLOGY 


Producer interest has been growing in 
the concept of increasing aluminum pot- 
line efficiency by adding lithium carbonate 
to the cryolite baths. While most of the 
major producers have experimented with 
lithium compounds in the laboratory, it 
appears that during 1969 interest in lith- 
ium has received new impetus." Individual 
producers have purchased sufficient lithium 
carbonate to intimate testing on produc- 
tion-size potlines. The addition of lithium 
carbonate, which converts to lithium fluor- 
ide and carbon dioxide in the bath, can 
theoretically increase a cell's capacity by 15 
percent. The use of lithium carbonate 
must be justified by factors such as cost of 


the compound and need for reduced power 
requirements. No major changes are re- 
quired in the cell for the use of lithium 
carbonate. For any expansions or new 
plants contemplated by producers, lithium 
carbonate will certainly be an important 
consideration in plant design and opera- 
tion. 


In laboratory studies it was found that 
although LiF and LigAlFg increased the 
electrical conductivity, the effect of the for- 
mer is more pronounced and more attrac- 


T Metals Week. Lithium Use in Potlines Climb- 
ing. V. 40, No. 9, Mar. 3, 1969, p. 6. 
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tive with regard to the technology of alu- 
minum production.8 


The Bureau of Mines developed a 
method of electro-winning aluminum from 
molten ALCla. Anode current efficiencies of 
64 to 84 percent were attained.9 In addi- 
tion, a procedure was patented by the De- 
partment of the Interior for extracting 
aluminum values from the mineral daw- 
sonite which occurs in oil shale.19 The 
product is a substantially sulfur-free so- 
dium aluminate. 


Of particular interest to conservationists 
is a method of producing alumina from a 
wide range of  aluminiferous raw 
materials.11 It may be possible to use 
waste materials such as clay and slate over- 
burden from coal mines, flyashes, and slags 
in this aluminum oxide manufacturing 
process. The procedure involves the extrac- 
tion of aluminates by aqueous soda solu- 
tions, desilication of the solution, followed 
by carbonization to obtain crystalline alu- 
minum hydroxide, and finally calcination 
of the hydroxide to yield sintered alumi- 
num oxide. The method gives no waste 
products, since the aluminum oxide, cement, 
and combustion gases are all utilized. 


A cooperative effort between the Na- 
tional Bureau of Standards and private 
industry has resulted in the production of 
the highest purity aluminum in the 
United States, and probably the world.12 


This aluminum, containing less than 0.2 


parts per million in impurties, is an excel- 
lent conductor of electricity at very low 
temperatures. Therefore, it has potential 
for use in large cryogenic- magnet devices 
used in accelerators, bubble chambers, and 
magnetohydrodynamic applications. 


Electric batteries using aluminum metal 
or aluminum compounds were reported as 
having possible application in electric au- 


tomobiles. One of these systems utilized a 
battery of solid Al-Li alloy anodes, active 


carbon plate cathodes, and a fused LiCl- 
KCl electrolyte.13 


Aluminum is being increasingly used to 
replace copper in the electrical industry. 
The short-term difficulty for manufacturers 
and users is not so much the price differ- 
ential between copper and aluminum as 
the fluctuations in the price of copper. For 
the long term, it is expected that the cost 
of conductivity by copper will be at least 
three times that of using aluminum. 14 
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Technological improvements are continu- 
ing in the automotive field and such im- 
provements will contribute to increased 
aluminum use in automobiles.15 Develop- 
ment of the hypereutectoid Al-Si alloys 
will continue, giving them improved wear 
resistance so as to eliminate completely the 
need for cast iron cylinder liners. In the 
face of rising copper costs, aluminum may 
find use in car radiators as new radiator 
plants, designed to use aluminum, are 
built. Aluminum-coated steel may be em- 
ployed to give the extra protection needed 
against road de-icing compounds. 


A draw die cladding process has been 
developed that can decorate aluminum 
shapes with strip material; for example, 
stainless steel, copper, and plastic/metal 
laminates.16 Doors fabricated from stain- 
less steel clad aluminum extrusions cost 50 
percent less than a door made with roll- 
formed shapes. The saving in cost and 
weight can be especially valuable in the 
furniture industry. 


The Bureau of Mines continued to in- 
vestigate reclamation and recycling of alu- 
minum as part of its solid waste effort. In 
one of the projects, residue from munici- 
pal incinerators was processed to yield a 
nonferrous fraction containing mostly alu- 
minum with smaller amounts of other 
metals such as zinc and copper. This frac- 
tion was fed to a molten salt sweating fur- 
nace, and the product was electrorefined at 


8 Matiasovsky, K., V. Danek, and M. Malinov- 
sky. Effect of LiF and LisAlFe on the Electrical 
Conductivity of Cryolite-Alumina Melts. J. Elec- 
trochem. Soc., 116, No. 10, October 1969, p. 1381. 

? Singleton, E. L., D. E. Kirby and T. A. Sulli- 
van. Electrowinning Aluminum From Aluminum 
Chloride. BuMines Rept. of Inv. 7212, Decem- 
ber 1968, 19 pp. 

10 Hite, R. J. (assigned to United States of 
America, represented by Secretary of the Inte- 
rior). Process for Extracting Aluminum Values 
from Oil Shale. U.S. Pat. 3,481,695, Dec. 2, 1969. 

11Singhal, R. K. Aluminum Without Bauxite. 
Can. Min. J. v. 90, No. 11, November 1969, 


p. 69. 

12 National Bureau of Standards Technical 
News Bulletin. Ultrapure Aluminum Produced. 
V. 58, No. 5, May 1969, p. 110. 

13 Rightmire, R. A., J. W. Sprague, W. N. Sor- 
ensen, T. H. Hacha, and J. E. Metcalfe. A 
Sealed Lithium Chloride, Fused Salt Secondary 
Battery. Soc. Auto. Eng. J., v. 77, No. 5, May 
1969, p. 123. 

14 Gillespie, B. D. Aluminum and the Electrical 
Industry. Electronics and Power, v. 14, June 
1968, p. 231 

15 Sjogren, G. O. H. Automobile Materials and 
Processing in the Next Decade. Mach. Shop and 
Eng. Mfr., v. 30, No. 1, January 1969, p. 20; 
v. 30, No. 2, February 1969, p. 23. 

16 Chu, A. New Process Clads Extrusions With 
Stainless Steel. Mod. Metals, v. 25, No. 8, Sep- 
tember 1969, p. 37. 
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an average cathode current efficiency of 77 
percent. The refined product contained 
over 99 percent aluminum. 


In another project, a laboratory investi- 
gation was conducted of a sinter-leach 
method to recover aluminum and fluorine 
from waste carbon potlining residues from 
secondary cryolite recovery operations in 
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aluminum reduction plants. Ultimate proc- 
essing and treatment resulted in a recovery 
of high percentages of aluminum and fluor- 
ine as a mixture of synthetic cryolite and 
alumina.17 


17 Good, P. D. and W. G. Gruzensky. Extrac- 
tion of Aluminum and Fluorine From Leached 
Potlining Residues. BuMines Rept. of Inv. 7264, 
June 1969, 9 pp. 


Antimony 


By L. E. Davis 1 


A depleted surplus, high consumption, 
lower imports, dwindling industry stocks, 
and higher prices comprised the domestic 
antimony story in 1969. Available supply 
was short of demand, and prices rose with- 
out interruption. Prices began the year at 
$7 per long ton unit for 60 percent lump 
ore in the European market and had 
reached $25 by yearend. No quotations 
were listed for domestic ores in 1969. 
Metal price advances were equally spectac- 
ular. Domestic primary metal rose from 44 
cents per pound in January to $1.04 in 
mid-December. Imported metal prices 
nearly tripled, advancing to $3 in the same 
period. 

Domestic mine production rose to the 
highest level since 1952, primary smelter 
production rose for the second successive 
year, primary consumption dropped appre- 
ciably below the 1968 figure, and imports 
were in a 3-year decline. 

Effective January 1, 1969, the "General 
Modification of Tariff Schedules of the 
U.S.” Federal Register Document 


67-14749, filed on December 18, 1967, 
reduced the import duty on antimony 
metal, TSUS No. 632.02, from 1.8 cents to 
1.5 cents per pound. Further reductions 
are scheduled for the metal each year 
through 1972. 

Legislation and Government Programs. 
—On March 12, the General Services 
Administration (GSA) announced the sale 
of all remaining antimony stocks available 
for disposal under Public Law  88—615, 
dated October 2, 1964. Of the 2,983 tons 
sold, 252 tons was liquated ore and the 
remainder was metal of all grades. 
Remaining in excess of the stockpile objec- 
tive was 21,463 tons, 159 tons of which was 
nonstockpile grade. In August, a reassess- 
ment of antimony stockpile objectives by 
the Office of Emergency Preparedness 
(OEP) increased the objective to 50,500 
tons, eliminating the previously declared 
surplus. Additionally, GSA sold the 
remainder of the more than 10,000 tons of 
stockpiled antimonial lead, for which there 
were no stockpile objectives. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


Output of cathode metal from the elec- 
trolytic plant of Sunshine Mining Co., 
Coeur d'Alene district, Idaho, represented a 
very high percentage of domestic antimony 
production in 1969. Silver ores from the 
Sunshine mine and adjacent properties 
were the source for the metal. Overall pro- 


duction rose nearly 10 percent above that 
in 1968. The company announced that a 
new antimony plant and a new silver 
refinery would be built, and that construc- 
tion of the facilities probably will be 
placed open for bids early in 1970. 


1 Physical scientist, 


Western Field Operation 
Center, Spokane, Wash. 
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Table 1.—Salient antimony statistics 
(Short tons) 
1965 1966 1967 1968 1969 
United States: 
Production: 
Primary: 
Il! A 845 927 892 856 938 
See 12,389 14,539 12,466 12,489 13, 203 
Secondary. .-----------------2----- 24,321 24,258 28,664 23,699 23,840 
Exports of ore, metal and alloy 14 29 82 1 20 
Imports, general (antimony content )))) 14,879 19,712 17,419 17,343 17,032 
Consumption ll 16,919 19,681 17,350 18,520 17,843 
Price: New York, average cents per pound 45.75 45.75 45.75 45.75 57.57 
World: Production_______ `. 69,456 67,627 63,565 67,787 72 , 059 


1 Includes primary antimony content of antimonial lead produced at primary lead smelters. 


About 25 tons of metal contained in 
antimony concentrates produced at the 
Stampede mine, Kantishna district, Alaska, 
in 1969 and prior years, was shipped to 
Nagoya Japan. In Nevada, the Gold Creek 
mine, Elko County, and the Smokey 
claims, Humboldt County, yielded very 
small tonnages of antimony ore that was 
consigned to the Laredo, Tex., smelter of 
the National Lead Co. 

The Stibnite mine, Sanders County, 
Mont., was idle in 1969, but late in the 
year the property was sold to the U.S. 
Antimony Corp. The purchase agreement 
was signed December 3, 1969, and the 
price of $60,000 was to be paid in install- 
ments by November 1, 1973. Deeper devel- 
opment of the Wells Fargo mine, Stevens 
County, Wash. was resumed following 
winter shutdown. Miners were drifting on 
veins intersected by the 500-foot adit com- 
pleted in 1968. Development ore was stock- 
piled. Values were mostly in antimony and 
silver. Some diamond drilling was con- 
ducted in an attempt to locate a possible 
parallel structure. 


SMELTER PRODUCTION 


Primary.—Production of antimony metal, 
oxide, and other products was nearly 6 
percent above the 1968 figure. Domestic 
sources supplied 17 percent of the total, 
chiefly as a coproduct from silver ores or a 
byproduct of lead ores. Foreign antimony 
ores and concentrates or byproduct an- 
timony from lead ores yielded 83 percent 
at the primary production. About 74 per- 
cent of the byproduct antimony recovered 
at primary lead refineries was consumed at 
the refinery in the manufacture of antimo- 
nial lead; the remainder was processed to 
oxide. Primary smelter products were 
divided as follow: Oxide, 59 percent; 


metal 24 percent; antimonial lead, 14 per- 
cent; and sulfide and residues, 3 percent. 

National Lead Co. at Laredo, Tex., and 
Sunshine Mining Co., Big Creek, Idaho, 
produced antimony metal. McGeen Chemi- 
cal Co., M & T Chemicals, Inc., and Har- 
shaw Chemical Co. were the principal 
producers of antimony oxide; Foote Min- 
eral Co. and Hummel Chemical Co. proc- 
essed most of the ore that was consumed 
as a sulfide. American Smelting and Refin- 
ing Co. was the major producer of bypro- 
duct antimony. 

Secondary.—Secondary antimony recov- 
ery, from lead scrap, was slightly higher 
than in 1968. The overall increase was 
credited to secondary lead plants as recov- 
eries at primary lead smelters declined 
about 25 tons. Manufacturers and found- 
ries recovered 705 tons of antimony in 
processing scrap, 36 tons more than in 
1968. Old scrap sources represented 88 per- 
cent of the total secondary antimony con- 
sisting of the following: Batteries, 70 per- 
cent; type metal, 19 percent; babbit, 5 
percent; and all other material, 6 percent. 
Drosses and residues were the sole sources 
for secondary antimony recovered from new 
scrap, contributing 12 percent of the total. 
Over 3,900 tons of primary antimony was 
required to supplement the secondary 
metal available in order to meet consumer 
specifications; this was 470 tons more than 
in 1968. 


Table 2.—Antimony mine production and 
shipments in the United States 


(Short tons) 
Antimony Antimony 
Year concentrate 

Quantity Produced Shipped 
1965_...------- 4,711 845 848 
1966_____------ 5,582 927 930 
CFC 5, 402 892 828 
196888. 5, 263 856 941 
1969... sos 5,707 938 943 
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Table 3.—Primary antimony produced in the United States 
(Short tons, antimony content) 
Class oí material produced | 
Year i Byproduct Total 
Metal Oxide Sulfide Residues amon 
ea 
1883 see — 4,216 6,485 94 205 1,889 12,389 
1966... 8 4,567 7,794 126 219 1,888 14,589 
FTT 4,002 6,612 71 249 1,582 12,466 
19888 eee 3,617 6,518 133 417 1,804 12,489 
18609. ˙ AAA 3,129 7,746 95 330 1,903 18,203 
Table 4.—Secondary antimony produced in the United States, by kind of scrap 
and form of recovery 
(Short tons, antimony content) 
Kind of scrap 1968 1969 Form of recovery 1968 1969 
New scrap: In antimonial lead 11. 17,365 17,948 
Lead-base.. ..........- 2,586 2,860 In other lead alloys. ........ 6,309 5,879 
Tin-base............-- 62 In tin-base alloys... ........ 13 
Total..............- 2,672 2,922 | Tel! 28,699 23,840 
Value (millions) 321. 327.4 
Old scrap: 
Lead-base. ` 20,998 20,893 
Tin-base. .........-.-- 29 25 
Total ._......-..--- 21,027 20,918 
Grand total.. 23,699 23,840 


1 Includes 208 tons of antimony recovered in antimonial lead from secondary sources at primary plants in 


1968 and 179 tons in 1969. | 


Table 5.—Byproduct antimonial lead produced at primary lead refineries in the 
United States 


(Short tons) 
Antimony content 
Year Gross weight From From | From Total 
domestic foreign Scrap ` ————————————— 
ores ! ores ? | Quantity Percent 
1965-2215: suro sy 27, 895 998 391 595 1.984 7.1 
16 8 24, 059 1,417 416 286 2,119 8.8 
IÜ·Ü 8 18, 608 983 549 185 1.717 9.2 
1933;ͤ 8 28, 363 1. 300 504 203 2,007 7.1 
1969 cc Kd eee 24,741 1,174 729 179 2,082 8.4 


1 Includes primary residues and a small quantity of antimony ore. 
? Includes foreign base bullion and small quantities of foreign antimony ore. 


CONSUMPTION AND USES 


Industrial antimony requirements were 
satisfied from both primary and secondary 
sources. Total consumption eased to 41,683 
tons in 1969 from 42,220 tons in 1968. Pri- 
mary antimony accounted for 43 percent of 
the total (17,843 tons), and secondary 
metal accounted for 57 percent (23,840). 
The manufacture of antimonial lead and 
other hard-lead alloys consumed. virtually 
all secondary antimony production. The 
Bureau of Mines does not receive reports 
on secondary antimony consumption. 


Therefore, tables 6 and 7 are confined to 
industrial consumption, by use, for pri- 
mary metal only. 

Primary antimony consumption was 
nearly 4 percent below the comparable 
1968 figure. Requirements for metal prod- 
ucts were lower in most categories. Notable 
exceptions were for use in bearings and 
bearing metal, type metal, and collapsible 
tubes and foil. No change was reported for 
sheet and pipe use. The quantity of anti- 
mony used in nonmetal products dropped 
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Table 6.—Industrial consumption of primary antimony in the United States 
(Short tons, antimony content) 
Class of material consumed 
Year Ore and Byproduct Total 
concentrate Metal Oxide Sulfide Residues antimonial 
lea 
1965...... 404 6,992 7,847 81 206 1,889 16,919 
1966...... 450 6,269 10,829 81 219 1,883 19,681 
1967 312 5, 666 9,514 77 249 1,582 17,350 
1968...... 299 6,561 9,868 75 418 1,804 18,520 
1969______ 507 6,275 8,756 72 880 1,908 17,843 
Table 7.—Industrial consumption of primary antimony in the United States, 
by class of material produced 
(Short tons, antimony content) 
Product 1965 1966 1967 1968 1969 
METAL PRODUCTS 
Ammunition. --......2----. 2-2-2 ee 86 154 209 156 115 
Antimonial lead 6,882 6,285 5,539 6,817 6,723 
metal and bearings. ..................... 821 731 653 755 7 
Cable eoveripng. ee 68 164 141 178 65 
Castings ee 76 62 54 46 88 
Collapsible tubes and foil.......................- 49 44 81 60 56 
Sheet and DID @se 2 sce o AAA 8 104 107 118 105 105 
% ³ ·³AiAͥAAͥͥ ͤ AA 244 155 184 255 242 
ope metal BS ph sathana a Üͤ8 642 515 882 429 541 
ö;1— rè y 88 214 219 228 258 187 
Total. ru pss oct eat AAA 8,686 8,486 7,534 9,048 8,765 


NONMETAL PRODUCTS 
Ammunition primer ss 
Fireworks 
Flameproofing chemicals and compounds 
Ceramics and glass______ 2... ...-- 


Matchel. o edd 


16 27 80 88 87 
46 50 43 97 80 
1,971 8,188 3.454 2,774 2,096 
1,858 2.074 1,884 2.087 2,108 
855 582 565 5598 722 
1,469 2.224 1.785 2,818 2,558 
477 870 948 440 483 
1,596 1.980 1,007 979 1,094 
8,288 11,245 9,816 9,477 9,078 
16,919 19,681 17,850 18,620 17,848 


W Withheld to avoid disclosing individual company confidential data; included with, “Other.” 


nearly 400 tons, owing chiefly to a marked 
decline for use in flameproofing chemicals 
and compounds. Increases were reported 
for use in plastics, ceramics and glass, and 
ammunition primers. Of the nearly 1,100 
tons classified under “other” nonmetal 
products, Leukonin, a sodium antimonate 
used as an opacifier in enamel frits, repre- 
sented more than 50 percent of the total. 
An additional 29 percent was consumed as 


antimony chloride (penta- and tri-), in a 
wide variety of applications. 

No use trends could be established from 
1969 consumption data. Military needs, 
unusually high prices, and supply short- 
ages have disrupted what has been consid- 
ered the normal trend to a gradual rise in 
consumption. There was no evidence to 
indicate a wider use of substitute mate- 
rials. 


STOCKS 


Reports received by the Bureau of Mines 
have indicated that yearend industry stocks 
were the lowest in 20 years. Sharp 
declines in ore and concentrate and in 
metal stocks were chiefly responsible for 
the overall low inventory at yearend. All 
other stock, except sulfide, were above the 
1968 level. Most stocks dropped to their 


lowest point in 1969 in the middle of the 
second quarter, near the end of the Fast 
Coast dock strike. Except for metal stocks, 
they gradually increased throughout the 
remainder of the year. Demand exceeded 
supply for both metal and oxide during 
most of 1969. 
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Table 8.—Industry stocks of primary antimony in the United States, December 31 
(Short tons, antimony content) 


Stocks 1965 
Ore and concentrate 2,785 
A/ ĩ˙’ ü. RUE 1, 585 
;ö/ö«» WW 2, 705 
Sulfide. 25.2.25 . 98 
Residues and aisen... ..--------- 1,088 
Antimonial lead !................. 411 
r cd ee teks 8,622 


1966 1967 1968 1969 
2,720 2,469 2,791 2,227 
1,572 1,719 1,828 1,278 
8,093 2,704 1,921 2,058 
181 80 127 108 
519 916 199 807 
5 462 265 871 
8,566 8,950 6,626 6,889 


1 Inventories from primary sources at primary lead smelters only. 


PRICES 


Quotations on domestic ore prices were 
discontinued late in 1968 because they 
were unrealistic; these quotations were not 
reinstated during 1969. Beginning quota- 
tions for 60 percent European lump ores 
were $7 to $7.10 per long ton unit, and 
ended the year at $24 to $25. The domes- 
tic quotation for 99.5 percent antimony 
metal, in bulk New York, was listed at 
45.75 cents per pound on January 6, and 
105.75 cents on December 29. Imported 
metal of equal grade, duty paid New York 
in 5-ton lots, began the year at 48.5 to 
44.0 cents and rose to $3 by yearend. 
Oxide was quoted at 47.5 cents per pound 
in carload lots in January and ended the 


year at 53.5 to 65.5 cents. Late in the year, 
M & T Chemicals, Inc, announced a 32- 
cent advance, to 97.5 cents per pound for 
antimony trioxide, effective January 1, 
1970, and Stauffer Chemical Co. increased 
the price of antimony trichloride to $1.40 
per pound, effective the same date. 


Table 9.—Antimony price ranges in 1969 


Price 


Type of antimony: 
Domestic metal 1... per pound 
Foreign metal 27. do 
Antimony trioxide 3__ __ __ do.... 


$0.44-1.04 
0.425-3.00 
0. 475-0. 655 


1 RM M brand, f. o. b., Laredo, Tex. 
2 Duty- paid delivery, New York. 
s Quoted in Metals Week. 


FOREIGN TRADE 


Antimony Exports —alloys, metal, scrap, 
and waste totaled 207 tons, almost double 
that of the preceding year, and the value 
was nearly four times the 1968 figure. Con- 
signments were made to 21 countries. The 
Netherlands was the leading importer with 
70 tons, followed by Canada at 30 tons. 
The quantity and value of antimony oxide 
exports increased to 142 tons and $125,895. 
Canada received more than half the total 
at 72 tons. 

General imports, all forms, were about 3 
percent lower compared with 1968. Imports 
of ore and concentrate were appreciably 
higher, but metal and oxide declined 62 
and 2 percent, respectively. The Republic 


of South Africa, Bolivia, and Mexico again 
supplied a high percentage of the ore and 
concentrate imports (97 percent based on 
metal content). Belgium-Luxembourg, the 
United Kingdom, and Yugoslavia were the 
chief sources for metal imports (66 per- 
cent). The United Kingdom also was the 
major supplier of oxide (59 percent) . 

Other imports included 411 tons of alloy 
containing 83 percent or more antimony, 
73 percent of which came from Mexico 
and the United Kingdom; 59 tons of tartar 
emetic from Italy and Japan; and 8 tons 
of other antimony compounds from West 
Germany and the United Kingdom. Total 
value of these materials was $482,000. 
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Table I0.—U.S. imports 1 of antimony by countries 


Antimony ore Antimony metal? Antimony oxide 
Short Antimony content Short Short 
Year and country tons n n tons Value tons Value 
(gross Short Value (gross (thou- (gross (thou- 
weight) tons (thou- weight) sands) weight) sands) 
sands) 
11 aa 22, 647 10,517 $4,090 2,681 $1,866 5,098 $3,762 
1968: 

Algeria. 43 15 )))) n erm 
Belgium-Luxembourg... ...... | .....- 2 598 476 1,336 1,083 
Bolivia... -..---------- 3,979 2,521 1,139 83 I8- aegses Gissa 
Cuühédi.  ccissesbrexc4r akese oues — siue. (3) 16- maiz. Sorosi 
Gülle 77 51 26 12 4 9 5 
Fô·ĩ˙¹⸗3. . e ̃ ͤ ͤ— sees 50 30 869 655 
Germany, Wees .d (3) 2 183 135 
Honduras... 250 98 C —— 8 
WMA i . k wedtuce,- sss 11 „„ . passis 
NEE ee, ⅛²]Ü CESS en Eeer  OSGNCED 119 82 
Mexico 8, 664 2, 606 459 255 146 weeds 8 
Morocco. ............- 198 T5 Ze. en, ee as 
Netherlands 222262205 «seeds ði ß d sie 2 58 45 
CJ“ 22289 77 52 21 133 BU —— uuecs A 8 

South Africa, Republic 
e GE 8,889 5,196 r A A 8 
PB... ³ðW³  cteeder. ooude 155 106: ssis 4 
United Kingdom....... ...... . 288 224 2,227 1,585 
Füge ð ᷣ ⁰ ES — mese We. Cus 1,229 972. Settee EE 
o 21, 677 10, 614 4,145 2,764 2,087 4,801 8,540 

1969: 

, erger," eebe, Seesicds neve 28 JJ — dise 
Belgium- Luxembourg 218 287 896 786 
Bolivia 4,431 2, 802 1.618 35 CA SEN 
Canada. ß , ë dsus 1 28 4 5 
Gul! 5 65 52 jj to geese ũů 8 
r , ß senise een, Ae 846 755 
Germany, West... ..... .. (3) 8 20 15 
Guatemala... 95 47 AB sted: who —88 
Honduras 203 81 d6-  deocoe ²˙ AA A ` secede 
Pl ee Zeen. ` er sikas ` S AA sss 122 87 
Mexico zzz 8,541 2, 265 383 181 97 1 1 
Morocco 21 8 ff ꝛÜ——¹ ä (é 
Netherlandssss‚. x ĩðâ mesias 48 89 
Peru..-. . . . . .. esse seks 866 217 126 14 JJC oz 

South Africa, Republic 
J A 10, 436 6, 626 Eengel uude Queens 
Switzerland. 55 S9..;³ͤ —88 
Till,... ⁵ðj/ 8 43 BO. Sexes eer 
United Kingdom....... ...... ------ 8 ------ 269 232 2,778 2,164 
/// ³⁰o¹ ( ainena 198 166.. us 8 
Total. —------------ 24,158 12,098 5,248 1,042 939 4,715 3,852 


1 Data are general imports; that is, they include antimony imported for immediate consumption plus ma- 
terial entering bonded warehouses. 

2 Includes data for needle or liquated antimony for the following countries (value in thousands): 1968, 
United Kingdom, 15 tons ($10); 1969, 23 tons ($18); 1968, Belgium-Luxembourg 45 tons ($32); 1969, 39 tons 
($33). Does not include alloy containing 83 percent or more of antimony. 

s Less than 14 unit. 
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Table 11.—U.S. imports for consumption of antimony 
Antimony ore Needle or liquated Antimony metal! Antimony oxide 
Short Antimony content Short Short Short 
Year tons tons Value tons Value tons Value 
(gross Short Value (gross (thou- (gross (thou- (gross (thou- 
weight) tons (thou- weight) sands) weight) sands) weight) sands) 
sands) 
1967_. 22,647 10,517 $4,090 29 $18 2,654 $1,849 5,098 $3,762 
1968.. 21,677 10,614 4,145 60 42 2,693 2,087 4,801 8,540 
1969.. 24,158 12,098 5,248 62 51 980 888 4,715 8,852 


1 Does not include alloy containing 83 percent or more of antimony; 1967 —Mexico 50 short tons ($39,189), 
Peru 122 short tons ($70,553), United Kingdom 140 short tons ($79,636), Belgium-Luxembourg 11 short tons 
(37, 882), Czechoslovakia 38 short tons ($18,383). 1968—Mexico 198 short tons ($157,102), Peru 351 short 
tons ($230,845), United Kingdom 87 short tons ($55,894), France 24 short tons ($14,528), Japan 59 short 
tons ($85,845). 1969— Mexico 200 short tons ($185,533), Peru 95 short tons ($72,706), United Kingdom 100 


short tons ($83,928), Turkey 16 short tons ($19,548). 


WORLD REVIEW 


The world supply-demand balance, or 
lack of same, in 1969 was the product of a 
number of influencing factors. Demand 
exceeded supply in all major consuming 
countries. Japanese consumption rose fol- 
lowing increased smelting capacity. The 
U.S.S.R., unable to obtain antimony from 
mainland China, was seeking sources of 
supply in Western markets. European 
demand was higher than in 1968. The 
Canton Fairs yielded little antimony to 
other than Japanese industry although 
some material was reported available on 
the European market at virtually unaccept- 
able high prices. A spokesman for Japanese 
industry stated early in 1969 that contracts 
with Bolivia, South Africa, and mainland 
China would supply present antimony 
requirements. Late in the year, the spokes- 
man announced that the agreements would 
provide needs in 1970 despite an increased 
smelter capacity. 

Higher production rates, compared with 
1968, were reported for 10 foreign coun- 
tries, but only two, Bolivia and the 
Republic of South Africa, had significant 
increases. Production from Mexican mines 


declined for the sixth successive year. 


About mid-year, Consolidated Murchison 
Goldfields and Development Co., Ltd., 
Republic of South Africa, announced that 
milling capacity would be increased to 
45,000 tons per month. In late 1970, when 
expansion is completed, the company will 
be milling approximately twice the ore 
tonnage milled in 1968. Murchison 
exported 25,800 tons of antimony concen- 
trates in 1969, up from 22,085 tons in 
1968. New England Antimony Mines N. L. 
sold and delivered 150 tons of antimony 
from its mine in New South Wales, Aus- 
tralia, during the last 6 months of 1969. 
The company plans to place its small flota- 
tion plant on a 24-hour, 7-day-week basis 
to meet demand. Drilling by Mideast Min- 
erals N. L. in the Coster field area near 
Heathcote, Victoria, Australia, revealed a 
vein structure assaying 17.8 to 19.3 percent 
antimony. Delta Mines drilled along the 
west margin of the granite plug on its 
northern British Columbia property and 
found an extensive area carrying antimony 
values. One hole returned an intersection 
of 40 feet averaging over 3 percent anti- 
mony. 
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Table 12.—World production of antimony (content of ore except as indicated) 
by countries 
(Short tons) 
Country 1967 1968 1969 p 
North America: 
Canada ꝶ )) 684 580 428 
Gonscht? )) 88 10 110 
Honduras._.. .- . . . n 286 125 
Mexico . . . . .. LL. l.l... 4,121 8,819 8,471 
United States 892 856 988 
South America 
Bolivia EE 12,432 12,276 14,484 
Peru (recoverable) 2............. r 818 9 9 
Puro : 
ustria (recoverable)...........- 212 178 176 
Czechoslovakia )). r 550 660 660 
c TP E E r 184 ic PRED 
Waly A E E EEE 405 865 1,272 
Portugal... nanea asenn 25 55 50 
l.... 135 146 135 
S.R. 6... 8 r 7,100 7,200 7,800 
Yugoslavia (metal)............- , 58 1,935 2,246 
Africa: 
Al c uoo do e CHEESE r 112 60 66 
Morocco 5758 1, 386 1,551 
^ South Africa, Republic of 18,666 18,614 20,080 
sia: 
Burr --------------- 88 88 
China, mainland °.. eu 18,200 18,200 18,200 
JADEN Sco ice ca eu uomen 1 21 
Korea, Soutlnndn 78 84 *80 
akistan .. 129 98 e90 
ers (Sarawak) F 34 25 48 
JFC Z Sup maaa 1,131 228 827 
Turkey _ _ 244 8,446 2,811 
Oceania: A scalis CCC r 1,042 931 9 
/ uu luu see cee See r 68,565 67,787 72,059 
e Estimate. p Preliminary. r Revised. 


1 Antimony content of smelter products. 


2 Includes antimony content of smelter products derived from mixed ores. 
3 Figures reported in previous issues were estimated metal output including metal derived from imported 


Turkish ores. 
4 Includes ore and concentrates. 
s Includes antimony in lead concentrates. 
* Totals are of listed figures only. 


Production at antimony mining and proc- 
essing operations in Kirghizia, U.S.S.R., 
was reported by Novosti to have increased 
by 30 percent. The antimony metal 
obtained by zone smelting contains vir- 
tually no admixtures of other metals, and 
the resulting trioxide exceeds world market 
specifications. A new treatment plant for 
the recovery of antimony was installed as 
an addition to the substantial increase in 


capacity of the lead refinery of the 
Heboken organization of Belgium, com- 
pleted in 1968. 

During 1969, a Japanese Government- 
sponsored survey mission was in Bolivia, 
Columbia, and Paraguay to study the pos- 
sibility of increasing exports of primary 
products from the three countries to 
Japan. The mineral products surveyed in 
Bolivia by the mission included antimony. 


TECHNOLOGY 


Results of recent research at Gould-Na- 
tional Batteries, Inc., Minneapolis, Minn., 
were published.? The work shows that the 
addition of tin to the 4.5 percent anti- 
mony alloy retards the age-hardening proc- 
ess and, in high-current-density anodic 
corrosion, decreases the anodic corrosion- 
resistance of the alloy. Tin additions do 
not alter the ultimate tensile strength of 


as-cast lead-4.5 percent antimony, and addi- 
tions up to 0.5 percent tin improve the 
castability only very slightly. 

A manuscript on "Electrodeposition of 
Lead-Antimony Alloys” was received ip 


2 Mao, F. W., J. G. Larson, and P. Rao. Effect 
of Small Additions of Tin on Some Properties of 
Lead-4.5 percent Antimony Alloy. J. Inst. Metals, 
v. 97, November 1969, pp. 343-350. 


ANTIMONY 


October 1969 for publication by the Jour- 
nal of the Electrochemical Society.3 Two 
fluoborate solutions capable of producing 
sound, thick lead-antimony deposits are 
described. Property data for some deposits 
are presented, as well as the influence of 
operating conditions and both composition 
and antimony concentration of deposits. 

An .article in the June 1969 issue of 
Mining Magazine abstracts a publication 
on “Determination of Antimony and 
Arsenic Values." 4 Spectrographic determi- 
nations of antimony and arsenic in ores, 
especially iron ore, were made and gave a 
sufficiently strong antimony and arsenic 
line. 

Two United States patents were issued 
during the year pertaining to the recovery 
of antimony from ores and from lead in 
the refining process. U.S. Patent 3,432,255, 
issued March 11, 1969, covers a hydrochlor- 
ination process for treating molybdenite or 
ores of antimony, bismuth, or tin for the 
extraction of values therefrom.  Finely 
divided ore is contacted with hydrogen 


181 


chloride and either air or oxygen at a 
temperature of preferably 500° to 7009 C 
for a period of time sufficient to volatilize 
the desired metal in chloride form but not 
to volatalize any appreciable amount of 
chlorides of other commonly associated 
metals. The desired volatile metal is re- 
covered by condensation. U.S. Patent 
3,479,179, issued November 18, 1969, 
covers a method for refining decop- 
perized lead of antimony, arsenic, tin and 
zinc impurities. The molten lead is treated 
with sodium hydroxide in the absence of 
oxygen, and the resulting zinc and arsen- 
ic-containing slag is withdrawn. The 
remaining molten lead is treated with 
sodium hydroxide at a temperature of 
about 500° C in the presence of an 
increased concentration of oxygen, and the 
resulting antimony-containing slag is with- 
drawn, leaving the purified lead. 

3 Dini, J. W., and J. R. Helms. Material Science 
Division, Sandia Laboratories, Livermore, Calif. 


4 i Prvchera, Rudodobiv. V. 23, No. 11, 1968, 
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Asbestos 


By Charles L. Readling 1 


U.S. production (shipments) of asbestos 
increased 4 percent to establish a record 
high in output, surpassing the previous high 
set in 1966. However, overall demand for 
asbestos in 1969 declined slightly primarily 
as a result of tight money conditions, and 
the resulting high interest rates restricted 
the availability of mortgage funds for home 
building. Imports decreased 6 percent from 
those of 1968. 


Canada, the largest asbestos producer, 


increased output 
over that of 1968. 
Legislation and Government Programs.— 
The Tax Reform Act of 1969, signed by the 
President on December 30, 1969, reduced 
domestic asbestos depletion rates from 23 
percent to 22 percent effective with taxable 
years beginning after October 9, 1969. The 
General Services Administration (GSA) in 
1969 disposed of 2,294 short tons of amosite, 
2,663 tons of crocidolite, and 336 tons of 
chrysotile from Government inventories. 


(shipments) 4 percent 


DOMESTIC PRODUCTION 


Asbestos production in the United States 
in 1969 increased 4 percent in volume and 
2 percent in value. Production was from 
four States: 60 percent from . California; 


with Vermont second in rank; followed by 
Arizona and North Carolina. 


1 Mineral specialist, Bureau of Mines, Minne- 


apolis, Minn. 


Table 1.—Salient asbestos statistics 


1965 1966 1967 1968 1969 
United States: 
Production (sales) short tons.. 118,275 125,928 123,189 120,690 125,936 
Value. __. at thousands.. $10,162 $11,056 $11,102 $10,406 $10,648 
Exports and reexports (unmanufactured) 
short tons.. 43,126 46,996 47,718 41,236 86,173 
Value. comes. s . . . thousands $5,294 $5,763 $6,025 $4,679 $4,979 
Exports and reexports of asbestos products 
Wu“. thousands.. 319, 139 321, 963 323,767 324, 527 $28,188 
Imports for consumption (unmanufac- 
ü deas Short tons.. 719,559 726,459 645,112 787, 909 694, 558 
Value__  . . 8 thousands.. $70,457 373, 100 65, 748 72.990 $76, 422 
Consumption, apparent Il... short tons.. 794, 708 805,891 20,583 17,363 184,321 
World: Production. nn do.... 8,101, ,994 8,275,262 8, 207, 259 8, 290, 870 'NA 
NA Not available. 


1 Measured by quantity produced, plus imports, minus exports. 


Table 2.—Stockpile objective and Government inventories as of December 31, 1969 


(Short tons) 
Inventories 
Mineral Stockpile Defense 
objective National Supplemental W Total 
e 
A ⁰ A . . . .. 40,000 11,705 51,988 d 68,688 
Chrysotile.........................- 13,700 6,224 7,516 908 14,708 
Subspecification. ...............- | ....-- 152 2,692. 908 8,762 
Crocidolite.......................-- eee 1,565 44, 034 ois 45, 599 
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Figure 1.—United States production (sales) and imports of asbestos. 
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Figure 2.—Domestic supply and consumption of asbestos. 


Production in California increased only 
slightly from 75,592 tons in 1968 to 75,828 
tons in 1969; value decreased $183,000. Both 
quantity and value of output in Vermont 
rose 9 percent. Production in Arizona in- 
creased almost 30 percent. North Carolina 


reversed a downward trend to gain 18 per- 
cent over 1968 production. Nearly ail the 
U.S. production was short fiber, which sup- 
plied 16 percent of domestic requirements. 
Asbestos producers in the U.S. are listed in 
the following tabulation: 


State and company County Name of mine Type of asbestos 

Arizona: 

Asbestos Manufacturing Co P PRUs cassactokmosce Chrysotile. 

Jaquays Mining Corp............. F 1 Do. 

Metate Asbestos Cord Media aca SE Lucky Seven Do. 
California: 

Atlas Asbegtos err C . Do. 

Coalinga Asbestos Coo WENT A eoo oT. E EK Do. 

Pacific Asbestos Cor — Lunas Pacific Asbestos. ....... Do. 

Fee szónrisisaai San Beitilto........ dob INO. EEN Do. 
North Carolina: 

Powhatan Mining Co. ............ TUNE. EE CF Anthophyllite. 
Vermont: à 

DEN S ca iiis Si dax M eu Wd ena o Ort. eas xar C/ — rad Chrysotile. 
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CONSUMPTION AND USES 


Direct and indirect uses for asbestos num- 
ber about 3,000, but most of the consump- 
tion is in a few applications. An estimated 
70 percent of the world's production of all 
types of fiber was used in asbestos cement- 
building materials and asbestos cement 
pipe.2 The second largest use was in the 
floor tile industry, with U.S. consumption 
estimated at about 200,000 tons. Other 
significant uses were in the manufacture of 
brake linings, gaskets, clutch facings, plas- 
tics, roofing compounds, electrica] and heat 


insulations, and textiles. 

A slowdown in the building and construc- 
tion industries during 1969 was reflected in 
a 4-percent drop in apparent consumption 
from the 1968 level. Chrysotile asbestos 
accounted for over 96 percent of the total 
amount consumed in the United States in 
1969. Amosite accounted for slightly over 
2 percent, and crocidolite accounted for 
less than 2 percent. 


2 Industrial Minerals (London). No. 28, Janu- 
ary 1970, p. 12. 


PRICES ? 


Effective January 1, 1969, quoted prices 
for Vermont, Quebec, and British Columbia 
asbestos were increased from 4 percent to 
12 percent across grades. The increases re- 
portedly were needed to offset higher costs 
of materials, labor, and equipment. Prices 
were not published for California chryso- 
tile and North Carolina anthophyllite as- 
bestos. 


Quotations for Canadian (Quebec) chrys- 
otile, f.o.b. mine, were as follows, as of 


January 1, 1969: 


Grade Description Per short ton 
Group No. 1... ues 3 Can$1 , 480 
Group No. 2... ....do............ 800 
Group No. 3... A fiber 385-630 
Group No. 4... Shingle fiber 212-360 
Group No. 5... Paper fiber 152-180 
Group No. 6... Waste, stucco or 

plaster. . 110 
Group No. 7... Refuse or shorts 50- 92 
Prices for British Columbia, Canada, 


chrysotile asbestos, f.o.b. Vancouver, were as 
follows, as of January 1, 1969: 


Per short 
Grade Description ton 

AAA. Nonferrous spinning fiber... Can$845 
AA. -—— 3 ao h Seis eet a eee es DC 673 
A. le NOT, (e TOS HH tea EY 508 
A Asbestos cement fiber....... 363 
AKK Shingle fiber 249 
CP...... fr EN 234 
AS.....- ))) cue y ere aie 217 
CTO Áo. ERE DNE nS 211 
AX s % ac asta MUN 193 
CY oe oie On ecu eee ela 136 
AY... 2220022522 des 8 136 


Prices for Arizona chrysotile asbestos have 
remained unchanged since August 1, 1968. 
Quotations, f.o.b. Globe were as follows: 


Per short 
Grade Description ton 

Group Nol Crude............... $1,410-1,650 
Group No.2.. ....do.............. 700- 950 
AAN . E 800 
Group No.3.. Nonferrous filtering 

and spinning 425- 700 
Group No. 4.. Nonferrous plastic and 

filtering 400- 500 
Group No. 5.. Plastic and filtering. . ` 885- 425 
Group No. 6.. Refuse or shorts 250 
Group No.7.. ....do.............. 65- 90 


As of January 1, 1969, Vermont chrysotile 
asbestos, f.o.b. Morrisville, was priced as 
follows: 


Per short 

Grade Description ton 
Group No. A ` Spinning and filtering $356-382 
Group No. A Shingle fiber 195-331 
Group No. Ges Paper fiber 141-165 
Group No. 6 iud Stucco or plaster ino 
Group No. 7.. Shorts and floats___...... 47- 85 


Market quotations were unavailable for 
African asbestos because sales were negoti- 
ated privately. The Cape Asbestos group 
produces nine grades of crocidolite (blue) 
asbestos and 17 grades of amosite. The 
following values were calculated from U.S. 
Department of Commerce import data: 


Per short ton 


Imports 

1968 1969 

Amosite: South Africa, Repub- 
ie... ⁵⁵⁵ desi aie $149 $153 

Chrysotile: 

Rhodesia, Southern 184 inui 
South Africa, Republic of... 194 192 

Crocidolite: South Africa, Re- 
publie o[-.— eo et Joe 193 189 


3 Asbestos. V. 51, No. 6, December 1969, p. 56. 
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FOREIGN TRADE 


U.S. exports of manufactured asbestos 
products in 1969 increased 15 percent in 
value over those in 1968. Shipments were 
made to more than 90 countries. Canada 
accounted for 35 percent of the total value; 
West Germany, 7 percent; and Venezuela, 
Australia, and the United Kingdom each 
accounted for 4 percent. Canada received 
74 percent of reexports of asbestos products; 
Chile and the United Kingdom accounted 
for 11 percent each, and Mexico accounted 
for the remainder. Though imports for con- 
sumption of asbestos in 1969 declined al- 


most 6 percent in quantity from the 1968 
level, value increased almost $3.5 million. 
Imports of amosite from the Republic of 
South Africa in 1969 were almost 29 per- 
cent less than the previous year; crocidolite 
from the same source declined 24 percent. 
Imports of low-iron spinning length chrys- 
otile from British Columbia increased to 
6,192 tons from 6,086 tons in 1968, and im- 
ports of all grades from this source in- 
creased from 20,943 tons to 28,831 tons dur- 
ing the same period. 


Table 3.—U.S. exports and reexports of asbestos and asbestos products 


1968 1969 
Product Value Value 
Quantity (thousands) Quantity (thousands) 
EXPORTS 
Unmanufactured: 
Crude and spinning fibers. . .short tons 872 $193 1,419 $314 
Nonspinning fibers do.... 17,066 2,8308 14,407 2,274 
Waste and refuse do.... 23,279 2,176 18,696 2,0838 
! nena do- 41,217 4,677 84,522 4,626 
Products: 
Gaskets and packing do 2,415 5,895 2,519 6,917 
Brake lining do.... 4,974 5,724 4,519 6,804 
Clutch facings, including linings | 
number... 3, 436, 934 2,318 8,749,085 2,966 
Textiles and yarn.......... short tons 8,450 1,802 4,402 2,420 
Shingles and elap board do.... 10,651 1,944 8,606 1,599 
Articles of asbestos cement do.... 5,896 1,628 5,120 1,779 
Manufactures, n.e.c___-..---.--------- 5,193 NA, 5,678 
Total c z See eec 24,504 |  .  .....- 28,158 
REEXPORTS 
Unmanufactured: 
Crude and spinning fibers. short tons 589 122 
Nonspinning fibers do 19 2 1,062 231 
Total..22.25.5 52s do.... 19 2 1,651 358 
Products: 
Gaskets and packing do- 3 1 3 4 
Brake lining do- (5) „ >>> 
Clutch facings, including linings 
number...  ...... | .....- 2,281 2 
Shingles and elap board short tons 47 9 72 14 
Articles of asbestos cement do.... 42 d ———wAuecree dec 
Manufactures, n.e.c__.---------------- NA 9 NA 5 
Pl...... 8 Zo. | adeis 25 


NA Not available. 
1 Less than 1⁄4 unit. 


No asbestos was received from Southern 
Rhodesia in 1969, having been embargoed 
by Presidential order dated January 5, 1967. 
The small quantities received through 1968 


probably were entered from. bonded ware- 
houses or shipped from stocks in other 
countries which were exported from South- 
ern Rhodesia prior to December 1966. 
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Table 4.—U.S. imports for consumption of asbestos (unmanufactured), 
by classes and countries 


Crude (includ- 
ing blue fiber) Textile fiber All other Total 


Year and country Value Value Value Value 
Short (thou- Short (thou- Short  (thou- Short (thou- 
tons sands) tons sands) tons sands) tons sands) 


1968 
TT Ad uaa 1 $2. x bere 3 $3 4 $5 
Canada. eee eee oie ee. 57 32 15,318 $5,869 674,008 59,450 689,883 65,351 
CY DIS 22.2 geet cen 8 16 Oe. ete items, 8 16 3 
Finland. .......................- 578 32 110 6 3,774 219 4,462 257 
Rraneg.. 2 M Pee: y 30 4 30 4 
pee ⅛ AAA 8 2 J c m 9 9 5 4 
Mozambique 150 20. itid dices 742 165 892 185 
ee e ccu ci. , mace 54 3 54 3 
Perl. ð E; 24 2 24 2 
Rhodesia, Southern 85 | ORDER 2,734 504 2,819 520 
South Africa, Republic of 37,249 6,260 5 1 1,233 274 38,487 6,535 
Southern Africa, pen... 80 | MEE REO REN 8 80 16 
ieh ³W.8»A 1, 653 Ab. 222022 ful 1,653 45 
TOUR o ˙·w-r darn 38,218 6,882 17,086 5,921 682,605 60,627 737,909 72,930 
1969 

HEES, alguna culam. Godana. Seecde 62 5 62 5 
CT, TEE 2,851 898 15,974 5,928 636,606 64,438 655,431 70,759 
KT WEE 1,277 6l. Gace... Exo 4,958 280 6,235 341 
France... eelere e a e erer 0 /// RR ĩ ͤ 0 4 
FFV!!! O SS eg 1 qi. ~ L0. gene: 1 2 2 2 
Malta and Gozo... ..........-...- 222222 22222-  l222222 -o 1 2 1 2 
Mozambique 55 SE 217 18 272 26 
Portueal -------------------- 20 FFF 395 35 415 36 
South Africa, Republic of 28,026 4,774 ...... ....-- 1,664 321 29,690 5,095 
Southern Africa, n.e.c------------- 245 JJJ!;.õͥĩ Sukses. d toro eee 245 48 
United Kingdom 31 D muscis waco 265 11 296 16 
/ 280 R mamas 1,599 79 1,879 88 
Poe!!! aA ES 32,816 5,303 15,974 5,928 645,768 65,191 694,558 76,422 


! Less than 14 unit. 


Table 5.—U.S. imports for consumption of asbestos from specified countries, by grades 
(Short tons) 


1968 1969 
Grade Southern Republic of Republic of 
Canada Rhodesia South Africa Canada South Africa 
Chrysotile 

Crudes.............-- 57 85 2,817 2,851 2,850 
Spinning fibers 15,318  ..... 5 15,974 | |  ...... 
All other 674,008 2,734 1,233 636,606 1,664 
Crocidolite (blue). --  ....- 13,965  ....... 10,558 
Ai eee O edes 20,467 . |  ....... 14,618 
Total. 2222222 689,383 2,819 38,487 655,431 29,690 


WORLD REVIEW 


Australia.—Australian asbestos output has” property near Barraba, New South Wales to 
been less than 1,000 tons annually since the produce 65,000 tons of short-fiber chrys- 
cessation of crocidolite production at Witte- otile annually. Mining was to be by open 
noom, Western Australia at the end of 1966. pit methods. 

However, Pacific Asbestos Ltd., plans a min- 
ing and milling operation at the company's 


* Industrial Minerals. No. 28, January 1970, p. 
29. 
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Table 6.—World production of asbestos, by countries 


(Short tons) 
Country ! 1967 1968 1969 » 

North America: 

Canada (sale) 1,452,104 1,509,697 1,576,874 

United States (sold or used by producers) 123,189 120,690 86 
South America: 

Ann.... sa 551 881 | NA 

BFA csr uuu cease r 2,487 4,806 NA 
Europ NN 

6˙dJ²˙ AAA 8 r 1,653 e 1,658 e 1,6538 

Finland t l v EE 11,601 14,484 e 15,432 

Fl.. ⁵³⅛VWA K 8 C ĩ ZZ Zo 

Taly u o v. . ass: 111,402 114,020 e 111,333 

Portugal. p 2. d cene usus ĩᷣͤ a aaa 7 e 

UU S.S Re tsi AAA 847,676 881,848 1,102,310 

ët TEE 9,944 11,456 12,634 
Africa: 

KEEN 56: Nm NA 

Mozambiqüe: u Ae 559 132 NA 

Rhodesia, Southern e 107,255 e 94,799 NA 

South Africa, Republic of 268,482 260,530 e 281,089 

Swaziland «44 ͤ„õł6 „4 40,154 42, 946 NA 
d United Arab Republic ` 2,135 2,868 NA 

ia: 

China, mainland e 165,000 165,000 176,000 

CY prus p r 21,782 21,293 21,885 

E, EE 17,732 9,992 e 11,023 

Japan. E 27,087 24,251 e 12, 677 

Korea, South. kk 2,988 8,650 

Silit 8 64 3 49 

KL WEEN 631 1,328 8,396 

J RN eH rS 2,421 8,509 e 3,748 
Oceania: Australia. ee 734 895 e 816 

f uir adu CA 222 r 8,207,259 3,290, 370 NA 


e Estimate. P Preliminary. r Revised. NA Not available. 
Ë 1 We Zeie quantities also produced in Bolivia, Czechoslovakia, Eritrea, Malagasy, North Korea, and 
umania 
? Bahia and Goias only for 1967, Goias only for 1968. 
3 Includes asbestos flour. 
4 Total is of listed figures only. 


Table 7.—Canada: Shipments 1 of asbestos, by grades 
(Short tons) 


Grade 1965 1966 1967 1968 1969 
Quebec, milled group: 
8 a See ee 21,356 28,716 25,391 92,248 29,291 
4 (shingle)................. 322,772 971,837 836,568 835,807 826,146 
5 (paper 168,759 190,278 185,450 193 , 446 204,208 
6 tee VVV 208, 682 229, 426 244, 021 255, 648 242, 126 
7 (refuse). .-.-------------- 506, 497 512, 030 490, 087 542, 124 539,413 
8 (sand)..................- 6,088 8,706 7,149 8,037 2,023 
Newfoundland, Ontario, and 
British Columbia 153,401 138,288 154,345 147,889 233, 669 
Sl!!! 88 1,887,555 1,479,281 1,443,011 1,509,699 1,576,876 


1 Includes tonnage for own AT 
? Includes crude No. 1, No. 2, and other. 


Source: Dominion Bureau of Statistics. 


Canada.—Production as measured by sales end of 1969. At the King-Beaver mine, a 
increased 4 percent to 1,576,874 tons in 1969. new ore preparation and storage plant was 

At Thetford Mines, Quebec, Asbestos Cor- completed in December at a cost of Can$2.5 
poration Ltd. continued development of the million. The company also announced that 
Penhale orebody on the company's Vimy ore reserves at yearend were as follows:5 


Ridge property. Shaft sinking, begun in — ——— — —— 
5 ° 
1968, reached a depth of 600 feet by the N Ltd. Annual Report. 
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Thousand 

Mine short tons 
King-Beaver Mine ` 41,662 
British Canadian Mme ` .-.------------- 63,645 
Normandie Mine 9, 906 
Asbestos Hi “”. 18,738 
Other Properties k 10,611 
ö ¹ ses sancu 144,562 


Drilling by Abitibi Asbestos Mining Ltd. 
on property in Maizerets Township in 
Quebec has indicated an estimated 102.8 
million tons of ore containing medium 
length chrysotile fiber. Survey work, bulk 
sampling tests, and feasibility studies were 
still in progress at yearend, but an annual 
output of 75,000 tons of fiber is envisaged.6 

Cassiar Asbestos Corp. Ltd. announced 
plans to expand mill capacity at its Cassiar, 
British Columbia, mine from 75,000 tons 
of fiber annually to 100,000 tons. Total cost 
for the one-third increase in capacity was 
estimated at Can$4.3 million; completion 
was scheduled for December 1970.7 

At the Canadian Johns-Manville Co. Ltd. 
Jeffrey open pit mine at Asbestos, Quebec, 
capacity is being expanded from 600,000 to 
700,000 tons of fiber annually with com- 
pletion scheduled next year. The company 
also increased output at its Reeves mine in 
Ontario. Underground exploration of an 
asbestos prospect located in Garrison Town- 
ship, about 25 miles east of Matheson, 
northern Ontario, also was conducted by the 
company.8 

Greece.—A tentative agreement between 
Cerro Corporation of New York and Hel- 
lenic Asbestos, S.A., an operating company 
of Hellenic Industrial Development Bank 
(HIDB), was announced for development 
of the latter’s asbestos mines at Zidani 
Kozanis. If further studies indicate economic 
feasibility, the mines would be put into 
production through establishment of a 
40,000-ton-per-year capacity fiber plant. 
Total cost of the project was placed at 
$15 million, of which Cerro Corp. was to 
contribute $5.8 million, the balance made 
available by HIDB. Exploration, studies, 
and equipping of an existing small pilot 
plant for asbestos processing were to be 
completed in 1970.9 

Mexico.—A deposit of an estimated 1.2 
million tons of recoverable chrysotile as- 
bestos fiber was discovered near Ciudad 
Victoria, Tamaulipas. A new company to 
be known as Cia. Nacional de Asbestos has 
been established to develop the orebody. 
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The Federal government was to have a 
51-percent share in the company, and pri- 
vate interests will own the remaining 49 
percent. A 300-ton-per-day plant was sche- 
duled to begin operation in early 1971. 
Mexico currently has no domestic produc- 
tion of asbestos, and imports—primarily 
from Canada and the United States— 
average about 30,000 short tons annually. 
However, completion of the Cia. Nacional 
de Asbestos project would result in Mexico's 
first production of short fiber chrysotile 
asbestos and could reduce imports by one- 
third.10 


Another deposit of asbestos-bearing rock 
was discovered during routine exploration 
by Freemex S.A., a wholly owned subsid- 
iary of Freeport Sulphur Co., and Cía. Met- 
alurgica Penoles. The deposit reportedly 
ranges in thickness from 93 to 385 feet and 
contains substantial tonnages of commercial 
material.11 


South Africa, Republic of.—The Repub- 
lic of South Africa again ranked third 
among the asbestos- producing countries 
of the world, with an estimated output of 
281,000 short tons. Cape Province crocido- 
lite comprised approximately 50 percent of 
the output; amosite, one-third; chrysotile, 
about 15 percent; the remainder, ‘Transvaal 
Blue from the Northern Transvaal. 


Construction of the Msauli Asbestos Ltd. 
milling plant near Barberton, Eastern 
Transvaal, was completed the latter part of 
the year. The $6 million complex will in- 
crease production capacity to 50,000 tons 
of fiber annually, 75 percent of which will 
be exported via the port of Lourcenco 
Marques. The new mill can treat approxi- 
mately 1,000 tons per day on a two-shift 
basis. Crude ore is obtained from the larg- 
est chrysotile mine in South Africa. An 
article describing the operation was pub- 
lished.12 Late in the year, Valley Asbestos 
(Pty. Ltd. located a deposit of anthophyl- 
lite in the Northern Transvaal, and was 


1970, p. 21. Minerals (London). No. 28, January 

T Ciar Asbestos Corporation Ltd. Annual Re- 
port. Toronto, 1969, p. 12. 

8 Mining Journal (London). V. 274, No. 7014, 
Jan. 23, 1970, p. 73. 

U.S. Embassy, Athens. 

gram A—55, Feb. 11, 1970. 

10 Mining Magazine (London). V. 121, No. 6, 
December 1969, p. 495. 

11 Industrial Minerals (London). No. 26, Sep- 
tember 1969, p. 52. 

1? Mining and Minerals Engineering. Asbestos in 
1 Africa. V. 5, No. 2, February 1969, pp. 
5-49. 


State Department Air- 
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conducting drilling operations there at year- 
end.13 

Swaziland.—Although 1969 data are not 
available, production continued from the 
Havelock mine, Swaziland's sole producer. 
London Rhodesian Mining & Land Co. Ltd. 
(Lonrho) conducted exploration on an 
asbestos property at Emlembe, adjacent to 
Turner & Newall's Havelock mine.14 

U.S.S.R.—The U.S.S.R. continued to be 
one of the world's leading asbestos sup- 
pliers with an estimated output of 1.1 mil- 
lion short tons, 25 percent more than in 
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million tons, will process low-grade material 
produced mainly as a by-product of other 
operations capable of utilizing only higher- 
grade ore. 

Exports in 1968 totaled 334,660 tons, ‘an 
increase of 6 percent over the 314,380 tons 
reported for the previous year. Principal 
markets were Eastern Europe, France, 
Germany (East and West) , and Japan. The 
bulk of the Soviet production, however, was 
retained for domestic use in manufacturing 
a variety of asbestos products. 

Over 85 percent of the total Soviet re- 


1968. The No. 6 plant at the Urals as serves are in the Urals and Kazakhstan, 
bestos complex was completed.15 The plant, and the remainder mostly in Eastern 
which has a rated annual capacity of 12 Siberia. 

TECHNOLOGY 


Technological advances in 1969 related 
mainly to development of new asbestos 
products and uses. À new aluminized asbes- 
tos cloth having an extremely high reflect- 
ivity and good wear properties became avail- 
able for the production of fire resistant 
clothing. The use of asbestos in building 
products and plastics continued to expand. 
Research-based development of asbestos 
products was discussed.16 

Medical research on the effects of asbestos 
on human health continued in 1969. The 
outcome of current endeavors to solve the 
problems of air, water, and soil pollution 
will have great impact on workers in the 
mining, manufacturing, and construction 
industries as well as the general public. 
Dust control] and respiratory equipment 
from many companies were described.17 

Two types of containers designed to pro- 
vide dust-free mixing of asbestos insulating 
cement were submitted to Insulation In- 
dustry Hygiene Research Program (IIHRP), 
and field testing of them started in Septem- 
ber. Both containers are waterproof plastic 
bags in which the materials will be pack- 
aged at the factory. Both provide means for 


introducing water into the bag and mixing 
the cement to the desired consistency before 
opening the bag. The bags differ mainly in 
the manner in which water is introduced. 
They will be tested to determine optimum 
bag size and worker acceptability.18 

A first-year grant of $53,818 was made by 
the U.S. Department of Health, Education 
and Welfare to Dr. Ross W. Smith, associ- 
ate professor of metallurgy, Mackay School 
of Mines, University of Nevada, for a 
study of the aqueous surface chemistry of 
asbestos minerals.19 The significance of the 
study is its possible use in medical research 
on the known hazards of various species of 
asbestos on human health. The Mackay 
study was to continue through August 1972. 


13 U.S. Embassy, Johannesburg. State Depart- 
ment Airgram A-186, Dec. 969. 

14 Asbestos. V. 51, No. 6, December 1969, 24. 

1$ Mining Journal (London). . 274, No. at: 
Jan. 2, 1970, p. 11. 

16 The South African Mining and Engineering 


Journal. V. 81, No. 4013, Pt. 1, Jan. 2, 1970, pp. 
9-10, 13-15. 

17 Asbestos. V. 51, No. 6, December 1969, pp. 
14, 16, 18. 


18 Asbestos. V. 51, No. 4, E e den 
19 Skillings' Mining Review. V. 
13, 1969, p. 28. 
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Barite 


By W. Gene Diamond 


Barite sold or used in the United States 
in 1969 totaled nearly 1.1 million short tons 
and exceeded 1 million short tons for the 
first time since 1957. This represented a 16- 


percent increase in quantity and a 15-per- 
cent increase in value over 1968 figures. 
Imports of primary barite for consumption 
decreased 7 percent to 614,000 tons in 1969. 


DOMESTIC PRODUCTION 


Barite was mined by open pit and under- 
ground methods in seven States in 1969. 
Production in Nevada, Missouri, Arkansas, 
and Georgia supplied nearly 89 percent of 
total 1969 output. Nevada replaced Missouri 
as the leading producing State. 

Alaska Barite Co. was purchased by Inlet 
Oil Corp. and other investors for $2 million. 
The transaction included the mine, loading 
facilities, barite processing plant at Kenai, 
and ore reserves at Castle Island near 
Petersburg.2 


Leading producing States of ground and 
crushed barite included Louisiana, Missouri, 
Arkansas, and Georgia. Most of the chem- 
ical-grade barite was ground in Missouri, 
Georgia, California, and Tennessee. Output 
of chemical and well-drilling grades in- 
creased along with crude-barite production. 


1 Supervisory statistician, Bureau of Mines, Bart- 
lesville, Okla. 

Mining Record. V. 80, No. 34, Aug. 27, 1959, 
p. e 


Table 1.—Salient barite and barium-chemical statistics 
(Thousand short tons and thousand dollars) 
1965 1966 1967 1968 1969 
United States: 
* (prima ary): 
Mine or plant production 846 1,007 944 NA NA 
Sold or used by producers 852 947 962 1 927 1,07 
lll ——Mee ES $10,192 $11,259 $11,604 1313, 706 $15,753 
Imports for consumption 712 699 5 663 614 
EIER eeh $5,553 $5,764 $4,655 $5,666 $5,549 
Consumption 22 , 388 „417 1,371 N NA 
Ground and crushed sold by producers 1,169 1,209 1,144 1,266 1,587 
EE 9,444 $80,641 $28,754 $30,563 $37 , 297 
Barium chemicals sold by producers 125 138 1 136 189 
! ³·¹¹ mmĩ; -m S $17,935 $19,109 $16,283 $18,811 $19,101 
World: Production No Ne ON benc ME PON 8,8 ç; e 4, 4, 


NA Not available. 
Data not comparable to . years. 
? Includes some witherite 
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Table 2.—Barite (primary) sold or used 
by producers in the United States 
by States 


(Thousand short tons and thousand dollars) 


19681 1969 

State Quan- Quan- 
tity Value tity Value 

Alaska 91 W W 
Arkansas 166 33,839 210 34, 616 

California W W W 
Georgia 140 2, 874 124 3,116 
Missouri 284 4,102 304 4,220 
Nevada 216 1,511 320 2,275 
North Carolina... W WO mie zas 
Tennessee 1 362 16 295 
Undistributed.... 8 1,019 103 1,229 
Total 2. 927 18,706 1,077 15,758 


W Withheld to avoid disclosing individual com- 


pany confidential data. 


11968 includes 222,828 short tons chemical-grade 
valued at $4,250,142 and 708,892 short tons drilling- 
grade valued at $9,455,166. 

? Data may not add to totals shown because of in- 


dependent rounding. 


CONSUMPTION AND USES 


The principal use of ground barite was 
as a weighting agent in oil- and gas-well 
drilling muds. Because of its high specific 
gravity, barite in drilling mud restrains 
high gas and oil pressures encountered at 
their formation levels, and thus prevents 
caving and blowouts. The increased ton- 
nage used for well drilling in 1969, which 
accounted for 77 percent of the total mar- 
ket, was due primarily to increased drilling 
activity in the United States. 

Producers of ground and crushed barite 
from both domestic and imported material 
in 1969 reported increased quantities of 
barite used for chemicals, glass, and well 
drilling; decreases were indicated for the 
paint and rubber industries. The glass in- 
dustry used chemical-grade barite as flux, 
oxidizer, and decolorizer. In paint, rubber, 


and other materials it was used primarily 
as a filler or extender. 

Major producers of barium chemicals 
from barite included the following: J. T. 
Baker Chemical Co., Phillipsburg, NI 
Chemical Products Corp., Cartersville, Ca.; 
Chicago Copper & Chemical Co., Blue Is- 
land, III.; Chemetron Corp., Huntington, 
W. Va.; The Great Western Sugar Co., 
Johnstown, Colo.; Inorganic Chemicals Div- 
ision, FMC Corp., Modesto, Calif.; Mallin- 
ckrodt Chemical Works, St. Louis, Mo.; 
Ozark Smelting and Mining Division, Sher- 
win Williams Co., Coffeyville, Kans.; PPG 
Industries, Inc; Chemical Division, New 
Martinsville, W. Va.; Chas. Pfizer & Co., 
Inc., Easton, Pa.; and Sherwin Williams 
Co., Ashtabula, Ohio. 


Table 3.—Ground and crushed barite sold by producers 1 


1967 
Use ? Percent 
Short tons of total 
Barium chemicals 33. 170,096 13 
Glass 76,220 6 
Filler or extender: 
Paint 59, 698 5 
Rubber 31,039 2 
Other fiiſle— __ NA 
Well drilling. ...........- 964,982 73 
Other uses 12,964 1 
Totaal 1,314,999 100 


NA Not available. 
! Includes imported barite. 


1968 1969 

Percent Percent 

Short tons of total Short tons of total 
175,830 13 177, 570 11 
71,770 5 72, 706 5 
60,894 4 52,306 8 
41,639 8 14,177 1 

NA (4) 

1,006,418 73 1,235,229 77 
20, 907 2 52, 754 3 
1,877,458 100 1,604,742 100 


2 Uses reported by producers of ground and crushed barite, except for barium chemicals. 


3 Quantities pore by consumers. 
* Included wit 


other uses to avoid disclosing individual company confidential data. 
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Table 4.—Barium chemicals produced 
and used or sold by producers ! 
in the United States in 1969 


Sold or used by 
Pro- producers 
Chemical Plants duced 
(Short Short 


tons) tons Value 
Barium carbo- 
nate 7 81,760 77,165 38, 151, 331 
Other barium 
chemicals 2. (3) 57,276 52,920 10,949,970 
Totalt.. 9 189,086 130,085 19, 101, 301 


! Only data reported by barium chemical producers 
that consume barite (primary) are included. 

? Includes barium acetate, black ash, blanc fixe, 
chloride, hydrate, nitrate, oxide, peroxide, sulfate, 
and other compounds for which separate data may 
not be revealed. 

3 Black ash and lithopone, 2 plants; acetate, 1; 
chloride, 3; hydroxide, 3; nitrate, 1; oxide, 1; peroxide, 
1; sulfate, 2. 

4 A plant producing more than 1 product is counted 
only once in arriving at total. 
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Other companies which gave further pro- 
cessing to barium chemicals included: Bar- 
ium Chemicals, Inc., Steubenville, Ohio; 
Eastman Kodak Co., Rochester, N.Y.; Ethyl 
Corp., Baton Rouge, La., The Glidden Co., 
Baltimore, Md.; and Inorganic Chemicals 
Division, FMC Corp., Carteret, N.J. 

Among the barium chemicals, barium 
chloride was used for case-hardening iron 
and steel, producing magnesium metal, and 
in water treatment; barium carbonate was 
used in making glass ceramic glazes, and 
enamels; and barium hydroxide was added 
to ceramic products and lubricating oils 
and was used in the process of refining 
sugar beets. 


PRICES 


Prices of crude and ground barite, as 
published in trade journals, serve as a gen- 
eral guide and do not necessarily reflect 
actual transactions. Prices generally are 
negotitated between buyers and sellers. 


Quoted prices of ground barite, drilling- 
mud grade, increased in February, in July, 
and in December. Prices quoted for im- 
ported barite, drilling-mud grade, went up 
in July and in December. 


Table 5.—Price quotations for crude and ground barite in 1969 


Price per 

Item short ton 
Chemical grade, f.o.b. shipping point, 

carlots: 

Hand picked, 95 percent BaSO,, 1 

percent e $20-20.50 
Flotation or magnetic separation; 
96-97.5 percent BaSO,, 0.3-0.7 
percent F'e (add $3 for 100-pound 

p.) cC 25-26.50 
Water-ground; 99.5 percent BaSO,, 

5 mesh, 50-pound bags 45-49 


Source: Engineering and Mining Journal. 


Price per 
Item short ton 
Drilling- mud grade, f. o. b. shipping point, 
carlots: 88-93 percent BaSO,, 3-12 
percent Fe, specific gravity 4. 20-4. 30: 
Crude, bulk $12-16 
Some restricted sales 11.50 
Groundll‚‚‚d 28-34 
Imported crude, bulk, c.if. gulf 
POMS. Locis ³ ⁰ 8 10-19 


FOREIGN TRADE 


Exports of lithopone (a mixture of zinc 
sulfide and barium sulfate used as a paint 
pigment) in 1969 decreased 6 percent com- 
pared with 1968 exports. The value of 
exported lithopone was up 6 percent as 
the 1969 average value increased to 18.8 
cents per pound. Principal countries receiv- 
ing lithopone were South Vietnam, Vene- 
zuela, Canada and Ireland. 

Imports of crude barite for consumption 
totaled 614,000 short tons in 1969, down 7 


Table 6.—U.S. exports of lithopone 


Value 
Year Short tons (thousands) 
1967..... 735 $267 
1968_____ 1,300 281 
1969. 1,086 300 
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percent from 1968 imports. The average 


value at foreign ports of imports for con- 
sumption in 1969 was $9.03 per short ton. 
Declared values of crude barite at foreign 
ports were as follows for the indicated 
countries: 


Value 
per ton 
Country: 

Canada........... $8.51 
Greece 9.82 
Ireland 7. 56 
Ital cc 11.78 
Mexico 7. 84 
Moroceooo 10. 64 
Penk . .. eek 9.84 


The imported barite entered the United 
States through the following customs dis- 
tricts: New Orleans, La., 47.7 percent; La- 
rado, Tex., 23.1 percent; Port Arthur, Tex., 
17.0 percent; Houston, Tex., 9.0 percent; 
and Galveston, Tex., El Paso, Tex., and 
San Diego, Calif., 3.2 percent. 

Barium chemicals imported for consump- 
tion included lithopone, blanc fixe (preci- 
pitated barium sulfate), and barium chlo- 
ride, hydroxide, nitrate, and precipitated 
carbonate. Lithopone was received from 
West Germany, the Netherlands, and Can- 
ada. Imports of blanc fixe originated mainly 
in West Germany, France, Italy, and the 
Netherlands. Barium chloride imports were 


E veku 1969 


from France, West Germany, Belgium- 
Luxembourg, Italy, and the Netherlands. 
Imported barium nitrate came from West 
Germany, the U.S.S.R., and the Netherlands. 
Precipitated barium carbonate was imported 
from West Germany and the Netherlands. 
The United Kingdom supplied all witherite 
(barium carbonate mineral) imports. 


Table 7.—U.S. imports for consumption 
of barite, by countries 


(Thousand short tons and thousand dollars) 
1968 1969 
Quantity Value Quantity Value 


Type and country 


Crude barite: 
Algeria. . --.---- 17 3190 5 $65 
Brazil epe 7 4 
Canada 104 911 107 913 
France I 8 106 SE 
Greece 75 622 54 538 
Ireland 144 1,094 111 836 
Ia 22 27 59 697 
Mexico 131 839 121 949 
Morocco 56 587 41 441 
Peru 94 937 98 966 
Turkey........ 12 105 11 102 
Total. 663 5,666 614 5,549 
Ground barite: 
anada........ -€— ER 2 221 
France Et athe (2) 5 
Ital // em 8 (2) 8 
Total... NES se 2 234 


! Revised. Previously reported as Panama. 
2 Less than 1$ unit. 


Table 8.—U.S. imports for consumption of barium chemicals 


Value Value Value Value 
Short tons (thousands) Short tons (thousands) Short tons (thousands) Short tons (thousands) 
Year Blanc fixe 
Lithopone (precipitated barium Barium chloride Barium hydroxide 
sulfate) 
1967. 116 322 2,249 $282 979 $120 d Jas 
1968.... 246 87 2,783 397 1,418 149 EES SE 
1969.... 261 40 2,705 899 1,083 118 7 $1 
Barium carbonate, Other barium 
Barium nitrate precipitated compounds 
7 ¹·wꝛꝛꝛ5ꝶ ͤ K se ui 1,046 $153 813 $54 156 $73 
Cp "C 710 103 656 43 415 151 
e c ex SA ee ee SEES 1,085 144 887 70 944 381 
Table 9.—U.S. imports for consumption 
of crude, unground, and crushed 
or ground witherite 
Crude, unground Crushed or ground 
Year Value Value 
Short (thou- Short (thou- 
tons sands) tons sands) 
1967 1,260 25 $3 
1968. ..... 2,029 25 17 
1969. 392 67 7 
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WORLD REVIEW 


Afghanistan.—Exploration activities dis- 
covered one occurrance of barite in quanti- 
ties suitable for mining. The deposit, 
approximately 25 miles northwest of Chari- 
kar in Parwan Province, occurs in thin 
veins in association with galena and sphale- 
rite mineralization. Estimated reserves total 
220,000 short tons, of which 61,000 tons 
could be mined by open pit methods.? 


Australia.—]edda Exploration Ltd. was 
developing a barite property in South 
Australia near Orroroo. The company 
planned a treatment plant capable of 
handling 50,000 tons of ore per year. South 
Australian Barytes Ltd., the current barite 
producer, can process 15,000 tons per year 
at its plant.4 


Canada.—Cape Chemica] Co., Montreal, 
announced plans to develop a 100,000-ton 
barite deposit at Brockfield in central Nova 
Scotia in 1970. This would be Canada's 
first domestic source of pharmaceutical- 
grade barite.5 


Italy.—S.p.A. Industrie Minerarie Meri- 
dionali constructed a barite-processing plant 
at Naples. The capacity of the plant is 
10,000 tons per year. The new plant will 
process lump barite from the company's 
mine at Bagni San Filippo in southern 
Italy.9 


Liberia.—Dresser Industries, Inc. con- 
tinued exploration for barite under a con- 
cession granted by the Liberian Govern- 
ment. Survey work started in 1968 wil] con- 
tinue into 1970. The barite veins extend 
over a wide area and reserves are estimated 
to be large.’ 


Minera  Eulalio 
concentrating, 


Mexico.—Negociación 
Gutierrez constructed a 


grinding, and bagging plant capable of 
processing 150 tons of barite per day. The 
plant is at the company mine near Saltillo, 
Coahuila State.8 


Thailand.—The country's first barite- 
processing plant will be built in the south- 
ern Province of Songkhla. Barite Thailand 
Co. Ltd., owned 51 percent by Huey Yai 
Mine Co. Ltd. and 49 percent by National 
Lead Co. and Paul F. Scholla & Associates, 
will operate the mill. Drilling-mud grade 
barite will be produced.? 


U.S.S.R.—The Achisai mining complex, 
1,865 miles from Moscow, includes a lead 
deposit of hydrothermal origin that con- 
tains 10 to 15 percent barite. Barite con- 
centrates contain 85 percent BaSO, with a 
recovery factor of 85 percent. Annual pro- 


duction is approximately 187, 000 short 
tons.10 
United Kingdom.— The  Settlingstones 


mine, which had provided witherite since 
1873, closed in March. The Longcleugh 
mine in West Allendale was being investi- 
gated as a possible source of witherite.11 


3 Bureau of Mines. Mineral Trade Notes. V. 66, 
No. 6, June 1969, p. 4. 

4 Engineering and Mining Journal. V. 170, No. 
5, May 1969, p. 165. 

5 5 Age. V. 99, No. 2630, Dec. 12, 1969, 
p. 27. 
6 Industrial Minerals (London). No. 21, June 
1969, p. 39. 

7 Industrial Minerals (London). No. 23, August 
1969, p. 32. 

8 Industrial Minerals (London). No. 20, May 
1969, p. 32. 

? Engineering and Mining Journal. V. 170, No. 
11, November 1969, p. 172. 

1 Mining Magazine. V. 121, No. 4, October 
1969, pp. 348-349. 

11 Mining & Mineral Engineering (London). V. 
5, No. 8, August-September 1969, p. 59. 
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Table 10.—World production of barite, by countries 


(Short tons) 


Country ! 1967 
North America: 
// ³˙¹¹w¹q˙¹²ĩ 172,270 
EE 246,124 
United States 944,081 
South America: 
Argentina___ ß . used uae 24,308 
Eeer 60,073 
Chile uu cq NE e eet 4,965 
RT EEN 6,622 
OP RE 205, 691 
Europe: 
ustria (marketable)....................... 2,675 
Czechoslovakia «ckssssss cll... 5,512 
FFC EE 112,435 
Germany: 
PF] Á——ÁÀ zs2uz22 ses 83,069 
West "narketable) ee E r 471,920 
Ët r 163,972 
Ke E WEE 83,776 
EE 169,828 
PolaDd* u cecL2s edes Lube leet es. 51,809 
Rumania - 60, 627 
sj s eU r 55, 258 
888öĩ51Ewi «ð ð dd ĩͤ . u ZS 286, 601 
United Kingdom 7 . 40, 785 
béo TT HW — 89 93,121 
Africa: 
Algeria 22.222525 ⁰⁰;- - 8 r 84, 562 
V ² caue E uui AAG 8 234 
Morde ⁵³ð ep LI S 8 99,779 
South Africa, Republic of. 1,646 
Swaziland.. ...---------------------------- 623 
United Arab Republi 1,413 
Asia: 
Burma... eh ²·»˙ ͤ bud dL e 10,362 
China, mainland e... ......................- 110,231 
II c 56,997 
If; ete ed Sae 99,208 
JAD ON EEN 41,417 
Korea: 
NOorfthe:. 2220902252264 A eS 121,254 
Sl —:—ͤ 
Pakistan; ⁰Ü¹w¹.wAA ͥͤq se ieu r 6,946 
Thatland 2202 e L LZ coos r 247 
lll ⁰ 8 34, 822 
Oceania: Australa .----------------------- 17, 545 
Total *........ Jö d EE r 3,932, 808 
e Estimate. NA Not available. 


p E k A r Revised. 
5 is also produced in Bulga 
able. 

2 Sold or used by producers. 

š Includes witherite. 

4 Total is of listed figures only. 


TECHNOLOGY 


Inlet Oil Corp., new owner of Alaska 
Barite Co., began barite exploration using 
a self-propelled barge containing geophysi- 
cal and coring equipment and a chemical 
laboratory. À converted minesweeper with 


was used.12 


1968 


138,059 
271,762 
2926, 729 


65, 152 
121, 254 
6 


43,901 
4,017, 369 


1969 p 


141,392 
195,022 
21,077,208 


e 17,800 
37,968 
e 4,000 
13,494 

e 73,400 


e 78,800 


e 35,300 
479 
95,835 
3,900 
629 

NA 


10,696 
154,328 
57,094 
11,200 
68,661 


121,254 
NA 
e 11,400 


4,188,008 


ria, Philippines, Portugal, and Southern Rhodesia, but data are not avail- 


sophisticated navigation equipment also 


12 Engineering and Mining Journal. V. 171, No. 
1, January 1970, p. 122. 


Bauxite 


By John R. Lewis? 


The 8.5 percent increase in United 
States aluminum production to an alltime 
high in 1969 manifested itself throughout 
the domestic bauxite and alumina sectors. 
Domestic production of bauxite rose almost 
ll percent; United States mainland im- 
ports for consumption rose nearly 13 per- 
cent; world production was up 14 percent. 
Alumina imported for use in making alu- 
minum in the United States jumped 45 
percent during the year, and was with- 
in sight of the 2-million-short-ton-per-year 
level just 2 years after hitting the I-mil- 
lion-ton mark. The trend toward the con- 
version of bauxite to alumina in the baux- 
ite source nations continued and alumina 
plants outside the United States continued 
to proliferate. 

Legislation and Government Programs. 
—Percentage depletion provisions in the 
Federal tax laws were examined by the 


Congress during 1969, and rates on many 
minerals were changed under Public Law 
91-172. The rate for percentage depletion 
on bauxite was lowered from 23 percent 
on domestically produced bauxite and 15 
percent on foreign bauxite to 22 percent 
and 14 percent, respectively. The new rates 
were applicable to taxable years beginning. 
after October 9, 1969. 

Excesses of bauxite and alumina in the 
national stockpile were available for com- 
mercial sale or for exchange for items in 
deficit in the stockpile. However, activity 
in bauxite and alumina was negligible. No 
bauxite of any variety—that is, metal 
grade (Jamaica type or Surinam type), or 
refractory grade—was involved in sale or 
exchange during the year. Four hundred 
tons of aluminum oxide was sold from the 
stockpile, however. 


Table 1.—Salient bauxite statistics 


(Thousand long tons and thousand dollars) 


United States: 
Production, crude ore (dry equivalent) 
F...... ³ð we tsa e 
Exports (as shipped). ))) 
Imports for consumption !..................- 
Consumption (dry equivalent). ..............- 
World: Production 


1965 1966 1967 1968 1969 
1,654 1,796 1,654 1,665 1,843 
$18,632 $20,095 $19,079 $28,752 825,725 
1 62 2 7 5 
11,199 11,529 11,594 10 ,976 12,180 
13,534 14,084 14,508 14,097 15,580 
36 , 849 40,041 43,889 45,221 51,528 


! Includes bauxite imported for Government account. Import figures for Jamaica, Haiti, and Dominican 
Republic were adjusted by Bureau of Mines to dry equivalent. Other imports, which are virtually all dried, 


are on an as-shipped basis. 


DOMESTIC PRODUCTION 


Three States, led by Arkansas, again pro- 
duced the entire United States output of 
bauxite in 1969. Total production of crude 
bauxite rose 10.7 percent above 1968 levels 
and stood at 1,843,000 long tons, stated as 
dry equivalent. Arkansas produced, as it 
has for many years, about 95 percent of 
total domestic output; Alabama and Geor- 
gia furnished the remainder 


Bauxite was mined by five companies in 
Arkansas: Aluminum Company of America, 
(Alcoa), American Cyanamid Co. Rey- 
nolds Mining Corp., A. P. Green Refrac- 
tories Co., and Stauffer Chemical Co. In 
addition to those above, Norton Co. and 


1 Physical scientist, Division of Nonferrous 


Metals. 
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Porocel Corp., operated processing plants 
only in Arkansas. In Alabama, bauxite was 
mined by Wilson-Snead Mining Co., Eufala 
Bauxite Mining Co., A. P. Green, and Har- 
bison-Walker Refractories Co. Each of these 
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companies also operated drying or calcining 
plants in Alabama. In Georgia, American 
Cyanamid Co. was the only bauxite pro- 
ducer in 1969 and also operated the State's 
sole drying mill at Andersonville. 


Table 2.—Mine production of bauxite and shipments from mines and processing 
plants to consumers in the United States 


(Thousand long tons and thousand dollars) 


Mine production 


State and year 


Dry 
Crude equivalent Value! 


Alabama and Georgia: 
196 


SE 79 
1933. Ene mo 102 
I/. 8 108 
I.,. y a E 110 
1959... ˙¹ w 8 117 

Arkansas: 
ööÜ— rU LE LL ee 1,911 
1 ũ www 8 2, 060 
191f»ßoÜoBö 86 1,943 
1968 AA AEDE 1,961 
399... ĩðN ⁵ E NNA 2,116 
Total United States: 2 
13. 8 1,990 
))) on ur hostes Sein os 2,162 
19J1ͤgͤ ð 88 2,051 
Ü ³ĩo»»A ee 2,071 
9 99999d,;öôẽẽö—w.. wau a 2, 233 


Shipments from mines and 
processing plants to consumers 


As Dry 

shipped equivalent Value! 

61 $658 57 56 $792 
78 656 85 82 1,108 
83 810 85 84 1,236 
88 694 74 69 898 
88 1,020 72 79 1,324 
17,974 2,008 1,729 20,293 
19,439 1,891 1,636 19,788 
18,269 2,022 1,742 21,343 
28,058 1,962 1,680 25,349 
24,706 2,044 1,765 26 ,304 
18,632 2,065 1,785 21,085 
20,095 1,976 1,718 20,896 
19,079 2,107 1,826 22, 579 

23, 752 2, 036 1,749 26,247 
25,725 2,116 1,844 27,628 


! Computed from selling prices and values assigned by producers and from estimates of the Bureau of 


Mines. 


? Data may not add to total shown because of independent rounding. 


A problem of bauxite mining in Arkan- 
sas, that of exploiting seams previously too 
deep to develop economically, was solved 
by the largest piece of open pit equipment 
ever used in the State. This machine, 
called the "Deeper Heaper," is a walking 
dragline that stands 17 stories high and 
weighs 1,600 tons, and is in use in the 
Bauxite, Arkansas area. Utilization of 
larger equipment to transport material 
from mine-to-plant was also instituted dur- 


Table 3.—Recovery of dried, calcined, and 
activated bauxite in the United States 


(Long tons) 


Processed bauxite 
recovered ! 


Year Crude ore Total 
treated 
As Dry 
recovered equivalent 
1966220325252 198 ,076 99 , 765 140,713 
1966.........- 202 , 443 117,326 157,206 
196(.. .. 223, 174 123, 200 166,696 
1988 —T— 209, 900 107, 722 152, 106 
1969. 288,294 162,467 218,397 


1 Dried, calcined, and activated bauxite. 


Table 4.—Capacities of domestic alumina 
plants, December 31, 1969 1 


(Thousand short tons per year) 


Company and plant Capacity 
Aluminum Company of America: 
Bauxite, AKK 400 
Mobile, Ala_____....-----.-------- 950 
Point Comfort, Tex. 22222 900 
Totala ose u AT 2,250 
Harvey Aluminum, Inc.: 
St. Croix, Virgin Islands. ........... 350 
Kaiser Aluminum & Chemical Corp.: 
Baton Rouge, Laa 985 
Gramercy, Laa 620 
!! venue 1,605 
Ormet Corp.: 
Burnside, La ..--.--.--------------- 550 
Reynolds Metals Co.: — 
Hurricane Creek, Ark 840 
San Patricio, "ex s 1,186 
OUR iss Ans AAA 2,026 
Grand total. `_------------------ 6,781 


1 Capacity may vary depending upon the bauxite 
being used. 

2 Capacity to be expanded to 1,080,000 short tons 
by summer 1971. 


BAUXITE 


ing the year. Alcoa put a 54-ton truck into 
use in Arkansas, replacing a 22-tonner. In 
Australia, Alcoa went to a 100-ton giant 
instead of the 25-ton trucks previously em- 
ployed. 

A total of 7.34 million short tons of alu- 
minum oxide was produced in the United 
States in 1969, of which 6.92 million tons 
were of the calcined variety, 432,356 short 
tons were trihydrated alumina, and the re- 
mainder was tabular and activated types. 
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Shipments of alumina and aluminum 
oxide products totaled 7.14 million tons; 
6.7 million tons went to the aluminum in- 
dustry; the balance went to the abrasive, 
chemical ceramic, and refractory indus- 
tries. 

In 1969 there were eight alumina plants 
in the continental United States and one 
in the Virgin Islands. Together, these nine 
plants were the source of all calcined alu- 
mina produced domestically. 


CONSUMPTION AND USES 


In 1969, 87 percent of all bauxite used 
in the United States was imported. Alum- 
ina production took 93.5 percent of both 
domestically produced and imported baux- 
ite during the year. The rest went into re- 
fractories, chemicals (including aluminum 
sulfate and other aluminous chemicals 
used in water and sewage treatment, dye- 
stuffs, leather tanning, and sizing of 
paper) and abrasives. Bauxite was also 
used, in lesser quantities, in high alumina 
cements, low-density insulation, as an ad- 
sorbent or catalyst by the petroleum refin- 
ers, and in welding rod coatings and 
fluxes, It was also used as a flux in mak- 
ing steel and ferroalloys. Fused bauxite 
was used as abrasive grains in bonded or 
coated abrasives. 


Beyond its preponderant use in making 
aluminum, alumina was also used for ab- 
rasive, refractory, and chemical applica- 
tions where a high degree of purity is de- 
sired. Minor uses included production of 
artificial sapphires and thread guides for 
textile plants. 

The percentage of domestic bauxite 
shipments, by various silica content ranges, 
follow: 


SiO: percent 1965 1966 1967 1968 1969 


Less than 8.......... 5 10 4 15 15 
8 to 155 6 60 73 5 55 
More than 15........ 31 30 23 32 30 


The aluminum industry received 94 per- 
cent of all alumina shipments made in 
1969, with the abrasive, chemical, ceramic, 
and refractory industries taking most of 
the remainder. 


Calcined alumina consumed by primary 


aluminum reduction plants totaled 6.9 mil- 
lion short tons. The quantities of bauxite 


and alumina consumed in making 1 ton of 
aluminum have trended downward in re- 
cent years: 


1965 1966 1967 1968 1969 


y 
tons 4. 136 4.088 3.993 3.838 3.671 
Alumina 
short tons. 1.891 1.904 1.878 1.845 1.817 
Aluminum 
short tons. 1.000 1.000 1.000 1.000 1.000 


According to an estimate by C. H. Kline 
& Co. expenditures for raw materials by 
the U.S. ceramics industry exceeded $500 
million for the first time in 1969. Among 
others, estimated consumption of bauxite 
was set at 570,000 tons. 


Table 5.—Bauxite consumed in the 
United States in 1969, by grades 


(Long tons, dry equivalent) 


Domestic Foreign 
Grade origin origin Total 
Crude 992,311 5,070,717 6,063,028 
Dried........ 812,691 8,048,802  À 8,856,493 
Activated. ... 38,392 .........- 98,392 
Caleined 132,355 490,211 622 , 566 
Total.. 1,975,749 18,604,780 15,580,479 


A new plant for the production of cal- 
cined aluminum silicate products for use 
in refractories, ceramics, etc., was com- 
pleted in the fall of 1969 on an 800-acre 
site near Andersonville, Ga. Known as the 
Mulcoa plant (Mullite Corporation of 
America), it was constructed and will be 
operated by C. E. Minerals The com- 
pletely automated plant, to be run on a 
24-hour day, 7-day-per-week basis, can turn 
out 100,000 tons per year of calcined aggre- 
gates, including bauxites, for use in the 
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manufacture of high alumina refractories. 
Kilns will be gas fired. Raw material re- 
serves in Georgia are estimated to be more 
than 50 million tons. Products are ex- 
pected to be used by refractory, foundry, 
and ceramic firms in the United States, 
France, West Germany, Italy, and Japan. 


Bauxite from mines in Arkansas and 
Georgia was used, beginning in the spring 
of 1969, in a new aluminum sulfate facility 
built by American Cyanamid Co. at Mon- 
ticello, Miss. The product was to go to 
paper manufacturers and water treating 
plants throughout the Southeast. A similar 
plant, with a capacity of 20,000 tons an- 
nually, was put into operation at Spring- 
field, Tenn., during the year by Midland 
Chemical Co., while Monsanto Co. discon- 
tinued production of aluminum sulfate at 
Everett, Mass. Total aluminum sulfate pro- 
duction in the United States rose about 7 
percent in 1969 to 1,165,000 short tons. 


In the summer, Kaiser Chemical, a divi- 
sion of Kaiser Aluminum & Chemical 
Corp. announced plans to double capacity 
at its Germercy, La, aluminum fluoride 
plant. Production, up to 66,000 tons per 
year, will be possible at the facility, begin- 
ning early in 1970. Aluminum fluoride is 
mostly used in production of primary alu- 
minum metal. Hydrogen fluoride gas is re- 
acted with alumina trihydrate to make the 
aluminum fluoride. 


In July, Alcoa announced introduction 
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Table 6.—Bauxite consumed in the 
United States, by industries 


(Thousand long tons, dry equivalent) 


Year and industry Domestic Foreign Total! 
1968: 
Alumina....... 1,836 11,329 13,165 
Abrasive 2 W 225 3 225 
Chemical. 135 190 326 
Refractory..... 21 290 311 
Other 23 47 70 
Total 1222 2,015 12,081 14,097 
1969: li 
Alumina....... 1,749 12,825 14,574 
Abrasive 2 w 254 3 254 
Chemical...... 140 177 318 
Refractory..... 58 808 366 
Other. 29 40 69 
Total 12 1,976 13 ,605 15,580 


W Withheld to avoid disclosing individual com- 
pany confidential data; included with “Other.” 

1 Data may not add to totals shown because of 
independent rounding. 

2Includes consumption by Canadian abrasive 
industry. 

3 Excludes domestic. 


of beta alumina, a calcined alumina said 
to weigh less by volume than existing alu- 
minas having comparable insulating prop- 
erties. The product has a lower theoreti- 
cal density than ordinary alpha alumina 
particles and has potential application in 
sintered refractory shapes for use in corro- 
sive alkali atmospheres, in specialized tech- 
nical ceramics, and in abrasive and polish- 
ing compounds. 


Table A. Production and shipments of selected aluminum salts 
| in the United States in 1968 


Item 


Aluminum sulfate: 


Commercial (17 percent Al:03)...............- 
Municipal (17 percent AlzOz )) 
Iron-free (17 percent Alz Oz) 


Aluminum chloride: 


Liquid (32° ; ð . \ 
Crystal (32° B““ etree 88 J 


Anhydrous (100 percent Al CI) 
Aluminum fluoride, technical!!! 


Aluminum hydroxide, trihydrate 


(100 percent Al20:3H20)----------------------- 
Other inorganic aluminum eompounds iii 


C ³¹ͥͥ su rcr lue UA 


NA Not available. : 


Total shipments 


Number of Production including interplant 
producing (short tons) transfers 
plants 
Short Value 
tons (thousand) 
67 1,178,971 1,147,217 $46,606 
3 4,588 NA NA 
21 77,753 47,549 3,040 
9 22,267 9,885 820 
6 36 , 237 35, 488 9,721 
6 138,971 138,294 26,753 
8 298,451 270, 320 21,070 
NA NA NA 19,844 
NA NA NA 120 , 724 


1 Includes sodium aluminate, light aluminum hydroxide, cryolite, and alums. 


Source: 
and Production of Inorganic Chemicals. 


Data are based upon Bureau of the Census report Form MA-28E.1, Annual Report on Shipments 


BAUXITE 


203 


STOCKS 


All stocks, crude and processed combined, 
decreased 12 percent, or about 434,000 long 


tons in 1969. All of the change was in 


stocks held by consumers rather than those 
in the hands of producers and processors. 


Table 8.—Stocks of bauxite in the United States 1 
(Long tons) 


Producers and processors 


Consumers 2 


Year 
Crude Processed ? Crude Processed 3 

E ee amv: ⁊ð ß 8 1.007, 020 8,689 419, 525 1,609,104 
e ß 1,129,759 10,424 414,446 2,167,741 
1907. ue Jats Shee EEN 1,091,926 9,975 405,870 2,078,018 
98d... ³ð 1,036,665 9,622 292,298 2,247,131 
KL 5 8 1,092,146 10,134 907,997 1. 141, 388 

1 Excludes strategic stockpile. 

? Includes stocks of Domestic and Foreign Bauxite. 

3 Dried, calcined, and activated. 

PRICES 


The price of bauxite in bulk form at 
the mines ranged from $7 to $10 per ton 
throughout 1969, according to Oil, Paint 
and Drug Reporter. This listed price had 
persisted for more than 1 year. The aver- 
age value of imported bauxite consumed 
by domestic alumina plants was $17.44 per 
long dry ton. 

The average value of calcined alumina, 
as determined from producer reports was 
$0.0339 per pound, the same as the pre- 
vious year. The value of imported calcined 
alumina classified as aluminum oxide for 
use in producing aluminum was $0.0358 
per pound. 

The average value of crude, undried, do- 
mestic bauxite shipments, f.o.b. mine or 
plant, rose again in 1969 from $11.46 per 
long ton in 1968 to $11.50 per long ton. 
Value data for dried, for calcined, and for 


activated bauxite were company confiden- 
tial. 


Atlantic ports, f.o.b. cars 


December December 
1968 1969 

Calcined, crushed 

(abrasive grade). . 1 2 $35.80 3$35.80-36.30 
Refractory grade... 4 43.05 5 39. 55 
Same, super calcined. NA 6 43.05 
Dried bauxite, 

crushed, chemical 

grade (60 percent 

Al1:05, 6 percent 

SiO», 1.25 percent  . 

„FCC 15.90-16.90 15.90-16.90 


NA Not available. 

1 87 percent minimum AlzO;. 

2 Penalties for SiO» content more than 7 percent. 
3 87.25 percent minimum Al:03. 

4 87.5 percent minimum AlzO;. 

5 87.75 percent minimum Al:03. 

6 88 percent minimum Al2zO;. 


Source: Engineering and Mining Journal, Decem- 
ber, 1969. 


Table 9.—Market quotations on alumina and aluminum compounds 


Compounds Dec. 30, 1968 Dec. 29, 1969 
Alumina, calcined, bags, carlots, works per pound $0.0530-0.0555 30. 0580-0. 0555 
Aluminum hydrate, heavy bags, carlots, freight equalized. per pound .0400 0.0400 
Aluminum sulfate, commercial, ground, bags, carlots, works, freight 
TE DEE per ton 58.25 58.25 
Aluminum sulfate, iron-free, bags, carlots, works, freight 
a u S eee pass La cr per 100 pounds 4.1525 4.1525 


Source: Oil, Paint and Drug Reporter. 
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Table 10.—Average value of U.S. exports 
and imports of bauxite 


(Per long ton) 
Average value 
port of shipment 


1968 1969 


Type and country 


Exports: Bauxite and bauxite 
concentrate 549.14 586.47 
Imports: 
Crude and dried: 
Dominican Republic 1. 14.83 16.05 


Germany, West.. 9. 00 
Greece 9.09 8.09 
Guinea 4.93 4.76 
Guyana 9. 06 9.15 
Hali... u U L 10.74 13.55 
Jamaica II.. 14.45 15.35 
Surinam............- -. 9.50 9.61 
Trinidad and Tobago 9.00 
Venezuela. 8.94 9.05 

Average 12.78 13.61 

Caleined: 2 

Canadaa˖ga˖ag e si 2 43.70 | 38.02 
Guyana..............- 91.41 30.46 
Surinam 24.61 27.36 

Average 30.43 30.09 


1 Dry equivalent tons adjusted by the Bureau of 


Mines used in computation. 

? For refractory use. 

Note: Bauxite is not subject to an ad valorem rate 
of duty and the average values reported may be 
arbitrary for accountancy between allied firms, etc. 
Consequently the data do not necessarily reflect 
market values in the country of origin. 


FOREIGN TRADE 


Exports of bauxite and concentrates of 
aluminum decreased about 28 percent in 
1969 and were down to 5,276 long tons 
valued at $456,242. There was a sizable in- 
crease in value per ton, from $49.14 in 
1968 to $86.47 per ton in 1969. Slightly 
more than 92 percent was sent to Canada, 
six other nations shared the remainder. 
Exports of alumina rose again in 1969 by 
more than 13 percent to 976,000 short tons 
valued at $69 million. Seven nations, 
headed by the U.S.S.R. with 31 percent, 
took all but 1 percent of U.S. exports. Fol- 
lowing the U.S.S.R. was Canada with 29 
percent; Ghana, 17 percent; Mexico and 
Norway, each 8 percent; Venezuela, 4 per- 
cent; and India, 2 percent; 48 additional 
nations took the remaining 1 percent of 
the exported alumina. 

Exports of aluminum sulfate dropped 
one-third, to 12,275 short tons valued at 
$366,902. Venezuela again took the greatest 
proportion in 1969 with 72 percent. Guate- 
mala followed with 9.5 percent; Canada's 
take was deeply cut and constituted only 


6.6 percent of the total; Dominican Re- 
public took 5 percent, and 13 other na- 
tions took the balance of 8.9 percent. Alu- 
minum hydroxide exports were on a par 
with those of the previous year at 26,396 
short tons, valued at $3,515,573. 'They were 
shipped to 49 countries, headed by Sweden 
with 46 percent; then Mexico with 28 per- 
cent; Canada with 10 percent; and West 
Germany with 5 percent. Artificial corun- 
dum totalling 17,000 tons and valued at 
$6,775,446 went to 37 separate nations in- 
cluding a small amount to Egypt. The in- 
dustrial nations of the world were the 
principal buyers. Canada took 49 percent; 
the United Kingdom, 10 percent; Japan, 7 
percent; Italy, 6 percent; France, 5 per- 
cent; and West Germany, 3 percent. Fi- 
naly, among "other aluminum  com- 
pounds," there were exports of 22,166 
short tons in 1969 valued at $6,668,000. 
Sixty-four foreign nations took these prod- 
ucts, led by Australia, Colombia, Taiwan, 
Surinam, Argentina, and Norway. 
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Imports of bauxite rose 11 percent in 
1969 to more than 12 million long dry 
tons. Jamaica provided the United States 
with 59 percent of its imported bauxite; 
Surinam furnished 23 percent, the Domini- 
can Republic sent 8 percent, and Haiti, 
Venezuela and Guyana were import sources 
for most of the remainder. Bauxite import 
data do not include shipments to the U.S. 
Virgin Islands. Imports of alumina for use 
in producing aluminum rose dramatically, 
from 1,317,000 short tons in 1968 to 
1,912,000 short tons in 1969, an increase of 
45 percent. These imports were reflective 
of the trend toward greater alumina pro- 
duction outside the United States rather 
than within the nation's borders. The 


greatest increase in shipments of alumina 
to the United States was Australia's 88-per- 
cent increase to 1,310,000 short tons from 
698,000 tons, 1 year previously. This vol- 
ume was 69 percent of all alumina im- 
ported. Surinam and Jamaica supplied most 
of the rest of the nation's imported alu- 
mina, and the United States bought no 
alumina from Guyana in 1969 for the first 
time in about 6 years. Imports of alumi- 
num hydroxide and other oxides not else- 
where specified came from 12 countries 
and totaled 13,257 short tons worth 
$2,073,000. Canada supplied 84 percent, 
West Germany supplied 6 percent and 
Austria, 5 percent, Jamaica, formerly a big 
supplier, sent none. 


Table 11.—U.S. imports for consumption of bauxite (crude and dried) by countries 1 


(Thousand long tons and thousand dollars) 


1967 1968 1969 

Quantity Value Quantity Value Quantity Value 

Dominican Republic 824 $12,574 783 811,615 918 $14,788 
Guyana... bec i. . cas e Eu 880 8,612 890 3,532 833 8,048 
Haiti EE 313 8,402 399 4,286 599 8,119 
Janne 8 6,968 101, 223 6, 385 92,257 7,132 109, 461 
uind 88 2, 990 29, 558 2, 865 27,216 2,816 27,070 
Venezuela. eme S 884 107 957 838 8,062 
Other countries 23 170 4T 865 44 804 
TOU. u dud cuius t 11,594 151,418 10,976 140, 228 12,180 165, 802 


1 Official Bureau of the Census data for Jamaican, Haitian, and Dominican Republic bauxite have been 
converted to dry equivalent by deducting 18.6 percent free moisture for Jamaican and Haitian, and 17.7 
pue for Dominican Republic, in 1967 and 1968; in 1969, Jamaican is 16 percent, Haitian 12.5 percent and 

ominican Republic 17.7 percent. Other imports, which are virtually all dried, are on as-shipped basis. 


Table 12.—U.S. imports for consumption 
of alumina for use in producing 
aluminum, by countries 


(Thousand short tons and thousand dollars) 


1968 1969 
Country 
Quan- Quan- 
tity Value tity Value 
Australia 698 $37,581 1,310 $70,029 
Guyana 24 I/ / lem» 
Jamaica 109 6,708 104 6,955 
Japan 11 601 68 4,098 
Leeward and 
Windward 
Sands 5 25 1,859 
Surinam 475 26, 923 43 23,189 
Other countries. (1) 34 2 203 
Total.... 1,317 78,295 1,912 106,333 


1 Less than 14 unit. 
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WORLD REVIEW 


Production of bauxite throughout the 
world made a 14-percent annual gain in 
1969, thus continuing the existing trend at 
a very healthy rate. Australia took most of 
the high-performance honors by increasing 
its output from 4.9 million tons in 1968 to 
7.8 million tons in 1969, an increase of 59 
percent. After a production setback in 1968 
amounting to about 8 percent, Jamaica re- 
covered in 1969 with a 23-percent produc- 
tion improvement, which was even a 13- 
percent increase over its record year of 
1967. Jamaica furnished 20 percent of the 
world's bauxite in 1969 and thus retained 
a commanding lead. Second was Australia 
with 15 percent; followed by Surinam with 


another increase; this time it was 1l per- 
cent; in 1968 Greece's output was up 5 
percent. 

The ratio of world bauxite production 
to world aluminum production was 5.7 to 
l in 1969. 

As world alumina production cdpacity 
continued to increase, it appeared that the 
free world will add about 1 million tons 
of capacity per year each year in the fore- 
seeable future. 

At yearend the free world alumina pro- 
duction capacity was estimated and com- 
pared as follows: 


Thousand short tons 


š š 1968 1969 
12 percent. Australia thus edged Surinam North America: including 
out of second place and into third position Jamaica and Virgin Islands. 9,190 10,848 
: ; N South America 1, 334 1,593 
among world bauxite producing nations Europe — 2,620 2,890 
: : „ ¿Sup 551 606 
during 1969. Although Greece is not large CCF 1,558 2.200 
among the world's producers, it continued Oceania 1,747 1,963 
to make a creditable showing in 1969 with Sten 17,000 20, 100 
Table 13.— World production of bauxite by countries 
(Thousand long tons) 
Country 1967 1968 1969 » 
North America: ! 
Dominican Republic (shipments). )))) r 967 978 1,076 
ior onn OE ³ĩ»W¹n..... Py EN 854 438 .654 
Jamaica EE ?9,119 8,389 10,333 
United 1,654 1,665 1,848 
South America 
Brazil EE 298 309 e 343 
Guyana, PEN r 3,327 33,662 3,700 
EE r 5,379 5,569 5,451 
Europe: 

EE 2,768 2,670 2,729 
(Germany. EE 2 3 3 
CJ) see ee See ie y bet 1,632 1,722 1,909 
III ⁰¹wwww-wrr ðÜ;·. m·wmvr 8 1,624 1,928 1,901 
E EE 238 213 212 
Romania PR 15 20 20 
SSÄ EE 5 6 5 

JJ ET C" ITEM 5,000 5,000 5,100 
J˙q ⁵ ⁵ MV w œ œ ꝓf ꝙdſꝙdd 88 2,097 2,039 2,094 
Africa 
DI ———————————— M 345 280 265 
SEENEN 1,613 2,084 2,420 
MozambiQUe. !!!. o p eL I te ua SO | 3 
Rhodesia, | S Ee d e2 NA NA 
, OIBIIH TT.... 8 836 ` 414 438 
ia: 
China, mainland es____ ß e 844 374 443 
India dc ß OLE T D ta Z cui EN 776 921 976 
Iss. yd Zaa S zo ee 906 865 758 
Malaysia (West Malaysia)... 885 786 1,056 
ld 4 ci MER" (*) 1 
1111 o; ͥ m NEL e un ha mr ED . 8 2l. ee, Sobee 
Oceania: Uli. EEN r 4,176 4,882 7,792 
171ĩ[5t ⁰w 5 m kms y 43, 889 45,221 51,528 
e Estimate. P Preliminary. r Revised. NA Not available. š 


1 Dry bauxite equivalent of crude ore. 
2 May include 122,300 tons of cement-grade bauxite 
Source: Statistical Summary of the Mineral Industry, 1963-68. Institute of Geological Sciences. 

4 Excludes nepheline concentrates and alunite ores. 

s Data shown include only bauxite (diasporic) for aluminum manufacture; in addition 98,000 to 196,800 
tons were produced each year for refractories. 

6 Less than 1⁄4 unit. 

z Totals are of listed figures only. 
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Australia.—Australia appears headed for 
the world lead in alumina production and 
should overtake the U.S. lead by 1975. By 
yearend 1969, Australian alumina capacity 
was 1.8 million tons per year compared 
with about 5.6 million in the United 
States. By 1972, Australian firms will have 
added another million tons. 

In late 1969, Comalco Industries Pty. 
Ltd., owned by Kaiser and by Conzinc 
Riotinto of Australia was planning what 
would be by far the world's largest alu- 
mina plant, eventually capable of produc- 
ing 5 million tons per year. The plant will 
be located at Weipa in northern Queens- 
land, with initial output targeted at 
700,000 tons per year when it starts in 
1974. Ultimate output data was not set. 
Comalco also operates Australia's oldest al- 
umina refinery and, on November 1, 1969, 
obtained direct equity in Queensland Alu- 
mina Ltd. by acquiring part of the inter- 
ests of Kaiser and Conzinc Riotinto of 
Australia. Queensland, in turn, was again 
expanding its Gladstone plant and by 1970 
would be up to 1.3 million tons per year 
and 2.6 million by 1972. Comalco's bauxite 
production and processing facilities at 
Weipa were under appropriate parallel ex- 
pansion. Output could be around 10 mil- 
lion tons per year by 1975. 

AMAX Bauxite Corp. a subsidiary of 
American Metal Climax, Inc., was proceed- 
ing with its project to produce 1.2 million 
long tons per year of alumina at a plant 
in the vicinity of Port Warrender in 
northern Western Australia. Bauxite will 
come from the Mitchell Plateau in the 
North Kimberly District. The earlier plans 
for a 600,000-ton-per-year plant proved un- 
economic because of high construction costs 
in the remote area and because of need to 
build a town, a seaport, watersupply, 
power plant, roads, air strip, and a com- 
munications system. Total capital require- 
ments for the project were preliminarily 
estimated at $300 million. To supply this 
plant, AMAX would mine bauxite at a 
rate of 2.8 million tons per year. 

Nabalco Pty. Ltd., a Swiss-Australian con- 
sortium in which Colonial Sugar Refining 
has a 30-percent share, began development 
of its large (250 million long tons) baux- 
ite holdings at Gove (also called "Nhulam- 
buy") Northern Territory. A treatment 
plant will be built and should reach its 
1-million-ton-per-year capacity by 1974. An 
alumina refinery by the same operators is 
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expected to start operating in 1972 at an 
ultimate rate of 500,000 tons per year. A 
town to house 4,000 people must also be 
constructed. Aboriginal tribesmen in the 
Gove area obtained writs in 1969 holding 
up further development of the bauxite re- 
serves until the aboriginals' claims of land 
rights over the area were heard. 

In December, Alcoa. of Australia, Ltd., 
announced plans to expand alumina out- 
put at Kwinana in Western Australia to 
1.25 million tons per year and also to 
build a second alumina refinery capable of 
420,000 tons per year at Pinjarra, 50 miles 
south of Perth and 30 miles south of the 
Kwinana plant. Ore from a new open pit 
mine will travel to Pinjarra over a 15- to 
20-mile conveyor belt system. 

Bauxite began moving in greater quanti- 
ties late in 1969 when a 55,000-ton ocean- 
going ore carrier began service between the 
Weipa mines and the Gladstone alumina 
plant in Queensland. Christened the “Clu- 
tha Oceanic," the ship will work mostly 
for Comalco Industries Pty. Ltd. Comalco 
also ordered two more ore carriers from 
Italian shipyards in 1969. 

Brazil.—Alumínio Minas Gerais S. A., 
subsidiary of Alcan Aluminium Ltd., an- 
nounced plans at midyear to develop a $30 
million bauxite mining project capable of 
an annual output of 1 million tons per 
year. The major high-grade reserve, which 
was investigated for about 5 years, occurs 
not far from the Amazon River in the 
state of Pará in northeastern Brazil. A 
drying plant and ocean shipping facilities 
will be built on the Amazon. The bauxite 
will mainly be shipped to Alcan's alumina 
plants at Arvida, Quebec, Canada, and 
shipments were expected to begin in 1973.2 

Cameroon.—A company formed with Ca- 
meroonian Government participation dur- 
ing 1969 to undertake further exploration 
of the bauxite reserves at Minim Martap 
had begun work by April. First reports 
suggested that the alumina content in siza- 
ble proportions of the established 1.5 bil- 


lion tons of reserves may exceed 42-43 per- 


cent for the entire deposit. A company 
known as Alucam (owned primarily by Pe- 
chiney and Ugine-Kuhlman) operates a 
primary aluminum smelter at Edea that 
depends upon alumina imported from 
Guinea. Development of bauxite reserves 
within Cameroon would, therefore, help 


2 Alcan Aluminium Limited. 1969 Annual Re- 
port. Feb. 11, 1970, 33 pp. 
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lead to an integrated industry within the 
country. 


Colombia.—Kaiser Aluminum & Chemi- 
cal Corp. filed firm mining applications 
with the Colombian Ministry of Mines and 
Petroleum during 1969 for bauxite deposits 
in the Cauca Department. According to re- 
ports, the Ministry was agreeable to Kai- 
sers proposal to export output from the 
deposit. Kaiser was expecting to prospect 
intensively during 1969, but no date was set 
by which the economical feasibility of the 
deposit was to be determined.3 

Fiji.—Bauxite Fiji Ltd., formed by Showa 
Denko, Sumitomo Chemical and Nippon 
Light Metal Co. Ltd., is proceeding with 
plans to establish a bauxite mine on the 
second largest island on the Fiji Group, 
Vanua Levu. Bauxite is estimated to total 6 
million tons. Shipments to Japan of 250,000 
tons per year will begin in 1972. Mineral 
exploration offshore and by aerial survey 
techniques are continuing. | 

France.—A new underground bauxite 
minc at La Baume Sud, which is operated 
by the Pechiney Co., has reserves estimated 
at 2.75 million short tons, with an average 
alumina content of 56 percent. Production 
increased in 1969 above the 420,000 tons 
produced in 1968. 

French Guiana.—First steps were taken 
leading to an Alcoa-Pechiney joint venture 
in which up to 1 million tons of bauxite 
would be mined annually in French 
Guiana. Before the company can proceed, 
plans must be negotiated with the Bureau 
de Recherches Géologiques et Minierés of 
France, which controls the bauxite reserves 
of the South American possession. The 
bauxite would be barged to the alumina 
plant of Surinam Aluminum Co., an Alcoa 
subsidiary, where additional rcfining capac- 
ity will have to be constructed. It will be 
about 2 years before the overall project 
goes into operation. 

Ghana.—The Kaiser Aluminum & Chem- 
ical Corp. announced, in July, that it 
planned intensive exploratory drilling to 
determine quality and quantity of avail- 
able reserves in Ghana. If and when ade- 
quate reserves could be determined, an al- 
umina plant appeared a probable next 
step. Output of such a plant would go 
into the Tema primary aluminum plant 
operated by Valco, which is owned 90 per- 
cent by Kaiser and 10 percent by Reynolds 
Metals Co. It was estimated that 5 to 7 


3 Bureau of Mines. 
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years would be needed to put the entire 
operation into working order. 

Greece. Under plans announced during 
the year, Aluminium de Gréce, S.A., opera- 
tors of Greece’s sole alumina-aluminum 
plant, were to increase the output of their 
facility at Aspra Spitia, Distomon from 
250,000 metric tons of alumina and 75,000 
metric tons of metal to 400,000 metric tons 
of alumina and about 90,000 tons of alu- 
minum. The establishment in 1966 by Pe- 
chiney of this plant gave great impetus to 
the Greek bauxite mining industry. Gov- 
ernment commitments to Pechiney to pro- 
vide ample raw materials created encour- 
agement to mine operators to carry out 
extensive exploration work and to add new 
and better equipment at already-existing 
mines. Increased domestic consumption was 
the goal without cutting into Greece's all 
important bauxite exports. Parnassus 
Bauxite, S.A. was successful in developing 
a new reserve of around 60 million tons. 
Eleusis Bauxite Mines, S.A. and Elikon 
Bauxite, S.A. both also increased their re- 
serves and their 1969 production. ,The 
Government of Greece established bauxite 
export quotas for 1969 at 1,756,000 tons 
broken down by recipient countries: EEC 
Countries—580,000 tons; U.S.S.R.—450,000 
tons; Czechoslovakia—215,000 tons; United 
States—85 tons, against 40,000 tons the year 
previous; and all other countries—426,000 
tons. It was expected that the Government 
of Greece and Aristotle S, Onassis would 
ratify their agreement, under which Onas- 
sis would invest $600 million in an in- 
dustrial complex 26 miles west of Athens. 
The complex would contain, among others, 
an integrated alumina-aluminum smelter 
with annual capacity of 500,000 metric 
tons of alumina and 160 to 250,000 tons of 
aluminum metal per year. 

Guinea.—Work on the infrastructure of 
the giant Boke bauxite project got under 
way on October 3, 1969. Output from the 
complex, to begin operation in 1972-73, is 
expected to rise to 8 to 9 million tons an- 
nually within 3 years. Boke bauxite con- 
tains 55 to 60 percent alumina. Halco 
Mining (Inc) is the 51 percent partici- 
pant and operating partner in the joint 
venture with the Republic of Guinea, 
which holds the remainder of the interest. 
In September, Halco awarded contracts 
amounting to approximately $71 million 


Mineral Trade Notes. V. 
66, No. 3, March 1969, p. 4. 
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for construction of an 85-mile railroad 
line, dredging for a new port, construction 
of a townsite and other facilities. The rail 
link will stretch from Sangaredi where the 
bauxite deposits are located, to the new 
Port Kamsar on the Rio Numez River. 
Bauxite will go to the associates in Halco 
in proportion to their investment in the 
company: Alcan, 27 percent; Alcoa, 27 per- 
cent; Harvey Aluminum, 20 percent; Verei- 
nigte Aluminium Werke, 10 percent 
Pechiney / Ugine Kuhlmann, 10 percent; and 
Montecantini Edison, 6 percent. 

Haiti.— Reynolds Haitian Mines, subsidi- 
ary of Reynolds Metals Co., initiated use of 
five especially built, 35-ton aluminum bod- 
ied, heavy duty bauxite hauling vehicles 
for carrying sticky, moist bauxite from the 
mine down 10 miles of paved road with as 
much as a 12-percent grade to an ore 
stockpile. The light body has permitted 
carrying 40-ton loads with far less down- 
time than had been Reynolds’ experience 
with 25-ton steel bodied trucks which had 
encountered heavy wear on tires, brakes, 
and engines. 

India.—Aluminum metal, next to steel, 
is of prime importance to India because of 
the extensive bauxite deposits within the 
country. Other nonferrous metallic ores are 
very meager and where domestically pro- 
duced aluminum can be used in place of 
expensive foreign metals, it is to India's 
advantage; aluminum has replaced much 
copper in the cable industry already. In 
fact, by 1969 there was a rough balance 
between India's bauxite supply and de- 
mand. 

In February, a 10,000-ton trial load of 
bauxite was shipped from Goa on India's 
West Coast to Montecatini Edison of Italy. 
After a period of testing, the Italian alu- 
minum company confirmed plans to estab- 
lish an alumina-aluminum complex in Goa 
and further reported that it had applied 
for necessary industrial licenses. Other alu- 
minum producers in West Germany, the 
Netherlands, and Japan (Nippon Light 
Metal) also appeared interested in experi- 
mental shipments during the year. 

Indonesia.—Alcoa signed a contract on 
April 2, 1969 with the Mines Ministry of 
the Indonesian Government which permits 
Alcoa to prospect for bauxite throughout 
most of the country. Indonesian announce- 
ments indicated that Alcoa would spend 
$1.2 million on a 2-year survey which was 
to commence within 7 months. The an- 
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nouncements indicated that if ore is found 
in sufficient quantities, Alcoa may eventu- 
ally invest $110 million in exploration and 
in developing mines, refineries, and other 
facilities. 

Meanwhile, during 1969, P. N. Aneka 
Tambang contracted with Japanese compa- 
nies to supply 800,000 tons of bauxite from 
Bintang Island. An equal amount was ar- 
ranged for in 1970 and then 1 million tons 
per year for 8 more years. Bintang bauxite 
averages 53 percent alumina, contains an 
average of 5 percent silica, 1 percent ti- 
tania, and about 10 percent moisture. 

Jamaica.—First shipments of alumina 
from the newly completed $200 million 
plant of Alumina Partners of Jamaica (Al- 
part) at Nain, St. Elizabeth Parish were 
made on Monday, August 11, 1969; dedica- 
tion of the plant was to be held early in 
1970. Plants site is about 85 miles west of 
Kingston. The output of 950,000 short tons 
per year was believed to be the largest 
starting capacity of any alumina plant ever 
built.4 | 

The facility processes bauxite from the 
Essex Valley of St. Elizabeth’s Parish, 
which is hauled from pits to plant in 50- 
ton aluminum bodied trucks. Alumina 
from the plant is then transported in alu- 
minum gondola cars on Alparts’ own rail- 
road system to Port Kaiser where it is 
shipped by water to the partners’ various 
aluminum smelters. Owners of Alpart are 
Anaconda, Kaiser, and Reynolds. 

Initial work was begun about midyear 
on the already announced alumina plant 
of Revere Jamaica Alumina Ltd., a subsidi- 
ary of Revere Copper & Brass Inc. The 
plant, located on the former Vauxhall Es- 
tate, will have an initial capacity of 220,- 
000-ton-per-year. Land is available for the 
planned expansion of the plant to 660,000 
tons of alumina per year. 

Alcoa Minerals of Jamaica, Inc. plans to 
start operation of its alumina plant in 
1971 with an initial capacity of 440,000 
short tons of alumina. The plant is de- 
signed to process bauxite with an average 
silica content of 5.3 percent, which means 
that ore from many previously noncom- 
mercial bauxite deposits can be used. An- 
other significant feature of Alcoa's agree- 
ment with the Government of Jamaica is 


4 Engineering and Mining Journal. First Alu- 
mina Shipment Made by Alpart’s New Refinery 
Ee V. 170, No. 9, September 1969, p. 
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that there is a limit on the amount of 
bauxite that the company may export. 

Norway.—In the fall of 1969, a decision 
was made by A/S Ardal og Sunndal Verk 
to close down the Høyanger alumina plant 
because it was no longer a profitable oper- 
ation. The 16,000-ton-per-year plant used 
the Pedersen process this was Norway's 
only alumina plant. 

Solomon  Islands.—Mitsui Mining & 
Smelting Co., Ltd., a Japanese firm, has 
expressed belief that exploration under- 
taken on Rennell Island south of Guadal- 
canal in the British Solomon Islands Pro- 
tectorate during 1969 will confirm reserves 
of about 100 million tons of 47 to 48 per- 
cent low-impurity bauxite. Mitsui hopes to 
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mine at an ultimate rate of 2 million tons 
per year, beginning in 1972. 

Surinam.—Development of the western 
Surinam bauxite reserves proposed by a 
consortium of Dutch, French, and U.S. alu- 
minum companies remained in the negoti- 
ating stages throughout 1969. 

Shipments of Surinam alumina to the 
U.S.S.R. were noted in 1969. One sale and 
shipment of 21,000 short tons was made by 
N. V. Billiton Maatschappij through its 
main offices in the Netherlands in May. 
Others included two shipments totaling 
about 22,000 short tons to the Soviet 
Union and one of 15,000 short tons in 
April to Hungary. 


TECHNOLOGY 


Gibbsite Corporation of America, a sub- 
sidiary of Colonial Oil & Gas Corp., of 
Rochester, N.Y. was in the process of 
erecting a test plant in Virginia for the 
production of alumina from gibbsite sand. 
The gibbsite occurs at very shallow depths 
in saprolite, The plant was to produce al- 
umina under the corporations patented 
Audite process at a cost that was expected 
to be attractive to the aluminum, glass, and 
abrasive industries. Gibbsite mining pros- 
pects, totaling at least 13,000 acres around 
Galax, Va., and throughout the mountain- 
ous ridge country of West Virginia, Vir- 
ginia, and North Carolina had been ob- 
tained by late December 1969. 

Successful manufacture of a new 
high-alumina, low-silica refractory that re- 
duced chances of development of certain 
defects in the making of glass was reported 
by scientists from the Corning Glass Works 
and its subsidiary, Corhart Refractories 
Co.» Use of isostatic pressing was the key 
to successful manufacture of the new re- 
fractory, designated A-123 by Corhart. The 
refractory was designed for use in making 
specific  alkali-lead-silica glasses, which 
tended to form leucite stones when melted 
in tanks containing certain refractory lin- 
ings. 

Another high-alumina refractory devel- 
opment was announced during the year by 
Foundry Equipment & Products Co., a di- 
vision of Combustion Engineering, Inc. 
The product, called "*85-RAM-HS," in- 
creases in strength as the temperature rises 
and chemical bonding occurs. Since the 


strength is achieved by chemical bonding, 
it is permanent and does not deteriorate 
when the refractory is cooled and subse- 
quently heated up.é 

Through the use of improved solvent 
extraction technology, metallurgists and 
chemical engineers at the Bureau of Mines 
Salt Lake City (Utah) Metallurgy Re- 
search Center were investigating ways of 
recovering metallurgical and/or refractory- 
grade alumina or aluminum chemicals from 
aluminum-bearing process and waste solu- 
tions. Major emphasis was placed on the 
production of alumina from copper waste 
dump leaching solutions from the 
Bingham Canyon, Utah, mine of the Ken- 
necott Copper Corp. Pioneering studies, 
later confirmed in the laboratory, have dem- 
onstrated that solvent extraction tech- 
niques can be used to obtain high quality 
alumina at costs competitive with those for 
the conventional Bayer Process alumina. A 
final report is anticipated in 1970. 

An analytical method was developed by 
the Bureau of Mines to determine the 
dawsonite, nahcolite, and  nondawsonite 
alumina (called excess alumina) extracta- 
ble from the Green River Formation oil 
shales. A total of 83 samples representing 
an 821-foot section of dawsonite-nahoco- 


5 John F. Wosinski and T. M. Wehrenberg. 


New Alumina Refractory for Lead Glasses. Pre- 
sented at 71st Annual Meeting of American Cera- 
mic Society, Spring, 1969. Available from Public 
Relations Department, Corning Glass Works, 
Corning, N.Y. 14830. 

6 American Metal Market. Alumina Refractory 
Developed by Foundry. V. 76, No. 113, June 17, 
1969, p. 19. 
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lite-bearing shale from a core hole in the 
north part of Colorado's Piceance Creek 
Basin yielded nahcolite content to 53.3 
percent, oil yields to 48.3 gallons per ton, 
and alumina yields to 5.8 percent. Use of 
these data to evaluate production poten- 
tial, at least of the Green River section of 
the formation, was suggested.7 

A patent was issued covering a method 
for extracting alumina from natural or ar- 
tificial dawsonite.8 

Two lime sinter processes (single-leach 
and double-leach) for recovering alumina 
from clay are evaluated in a Bureau of 
Mines report.? 

In the course of an air pollution study 
and using commerical alkalized alumina 
sorbent pellets, the Bureau of Mines deter- 
mined attritioning rates, SO» sorption rates, 
and sulfur loads that could be obtained. 
Results, using commercialized alkalized al- 
umina compared with sorbent pellets pre- 
pared in the Bureau of Mines laboratory, 
were published.10 
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The Bureau of Mines studied three 
processes for preparing an intermediate 
compound, which is calcined to produce 
alkalized alumina. Considering process 
technology and raw material requirements, 
the precipitation of alumina hydroxide fol- 
lowed by the addition of carbon dioxide at 
25? C to caustic solutions of aluminum hy- 
droxide proved the most effective.11 


7 Smith, John Ward, and Neil B. Young. Daw- 
sonite and Nahcolite in Green River Formation 
o Shales. BuMines Rept. of Inv. 7286, 1969, 

pp. 

$ Van Norstrand, Robert A. (assigned to Sin- 
clair Research, Inc., New York, N.Y.). Produc- 
tion of Alumina From Dawsonite. U.S. Pat. 
3,459,502, Aug. 5, 1969. 

? Henn, John J., Paul W. Johnson, Earle B. 
Amey III, and Frank A. Peters. Methods for 
Producing Alumina From Clay. An Evaluation 
of Two Lime Sinter Processes. BuMines Rept. 
of Inv. 7299, 1969, 43 pp. 

10 Town, Joseph W., Phillip E. Sanker, and 
Hal J. Kelly. Alkalized-Alumina Attritioning and 
SO: Sorption Rates. BuMines Rept. of Inv. 7275, 
1969, 29 pp. 

11 Oden, Laurance L., and Paul E. Francoeur. 
Preparing Alkalized Alumina. BuMines Rept. of 
Inv. 7294, 1969, 16 pp. 
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Beryllium 


By Donald E. Eilertsen 1 


Bertrandite from Utah was heralded as a 
new commercial source of beryllium and a 
competitor of imported beryl. Production 
of beryllium metal and beryllium oxide 
were moderately large in 1969 and outputs 
of beryllium-copper master alloy and 
beryllium aluminum were second highest 
on record. Producers expanded their facili- 
ties further to brace for greater demand 
for their products. 


Legislation and Government Programs. 
—Government yearend stocks of beryl, be- 
ryllium-copper master alloy, and beryl- 
lium metal are shown in table 2. Govern- 
ment inventories of beryl decreased 4,151 
short tons during 1969. 


1Physical scientist, Intermountain Field Opera- 
tion Center, Denver, Colo. 


Table 1.—Salient beryllium mineral statistics 


1965 1966 1967 1968 1969 
United States: 
Beryl, approximately 11 percent BeO: 
Shipped from mines short tons W W W 168 W 
EN ß ZS Sk do.... 7,791 2,147 9,511 8,822 6,422 
Consumption. - do.... 5,845 6,026 7,087 r9,244 18,488 
di a pore: per unit BeO imported, 
cobbe ryl at port of exportation $24 $25 $30 $34 $37 
Bertrandite ore: Utah, low-grade, shipped from mines 
short tons... W 
World production of beryl...................... do 6, 123 4, 549 5,442 7,219 7. 926 
r Revised. NA Not available. 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes some bertrandite ore which was calculated as equivalent beryl containing 11 percent BeO. 


Table 2.—Government yearend stocks of beryllium materials 


(Short tons) 
Material National Supplemental All stocks 
Stockpile stockpile 
Beryl (11 percent BeO 
e Fee arr VFC 13, 622 1,598 15,215 
EE 4,680 8,141 7,821 
e y . n ROSE E ees ha nam a 18,802 4,734 28,036 
Beryllium-copper master alloy 
P ³·WA⁴Aſſſ dnt iesu talcs ue 86 1,075 3,675 4,750 
TEE 2,687 2,637 
Total. EE 1,075 6,812 7,887 
Beryllium metal: 
EIERE Ee 150 150 
777 cuc suu a y EE 79 79 
Vd REENEN 229 229 


Source: Ofñce of Emergency Preparedness. Statistical Supplement Stockpile Report to the Congress 


OEP--, July-December 1969. 


215 


214 


MINERALS YEARBOOK, 1969 


DOMESTIC PRODUCTION 


Production of beryllium metal and 
ceramic-beryllium oxide were moderately 
large. Outputs of beryllium-copper master 
alloy and  berylium aluminum were 
exceeded in only one prior year. Produc- 
tion data of these materials are not pub- 
lished to avoid revealing company confi- 
dential information. 

The new bertrandite processing facility 
of The Brush Beryllium Co. near Delta, 
Utah, went on stream in September. The 
company mined bertrandite ore at its 
Roadside mine, processed the ore into 
beryllium hydroxide in its new facility at 
Delta, and shipped hydroxide to its 
Elmore, Ohio, plant. 'That hydroxide, 
together with hydroxide produced from 
imported beryl, was converted at the Ohio 
plant into beryllium metal, alloys, and 
compounds. 

Kawecki Berylco Industries, Inc., proc- 
essed imported beryl into beryllium metal, 
alloys and compounds at Reading, Pa., 
and also processed imported beryl into 
beryllium metal and hydroxide at Hazle- 
ton, Pa. 

Other producers of berylium mineral 
raw materials were Topaz Beryllium Co., a 
subsidiary of 'The Anaconda Company, 
which mined and stocked bertrandite ore 
at its operations near Delta, Utah; U.S. 
Beryllium Corp., which mined and milled 
some material and shipped a little beryl- 


lium mineral concentrate from operations 
near Lake George, Park County, Colo.; and 
a number of small producers of hand- 
sorted beryl in Colorado, Maine, New Mex- 
ico, and particularly South Dakota. Pro- 
duction data on domestic beryllium 
mineral raw materials and on beryllium 
metal, alloys, and compounds are withheld 
from publication to avoid disclosing indi- 
vidual company confidential data. 

The Anaconda Company continued utili- 
zation studies on Utah bertrandite ore. Its 
subsidiary, General Astrometals Corp., Yon- 
kers, N.Y., produced beryllium shapes from 
various types of beryllium. 

Beryllium Metals & Chemicals Corp., 
Bessemer City, N. C., sold its facilities for 
producing electrorefined beryllium and 
beryllium shapes to General Astrometals. 


Kawecki Berylco Industries, Inc., 
announced expansion of its facilities at 
Reading. Casting machines will produce 
furnaces capable of doubling the output of 
beryllium copper were being installed at 
Reading. Casting machines will produce 
beryllium ingots weighing up to 10 tons, 
and sheet- rolling equipment will roll 
beryllium sheets 4 feet wide by 15 feet 
long. A huge isostatic press was being 
installed at Hazleton for pressing beryl- 
lium powder and other powders under 
ultrahigh pressure into complex shapes. 


CONSUMPTION AND USES 


The beryllium and ceramic industries 
consumed 8,483 tons of beryl, including 
some bertrandite ore which was calculated 
as beryl equivalent. Kawecki  Berylco 
Industries, Inc, Reading and Hazleton, 
Pa., and The Brush Beryllium Co., Elmore, 
Ohio, used beryl to produce beryllium 
metal, alloys, and compounds. The Brush 
Beryllium Co. also used beryllium hydrox- 
ide derived from its bertrandite mining 
and processing facilities near Delta, Utah, 
for the same purposes. 

Lapp Insulator Co., LeRoy, N. V., used 
ground beryl for making high-voltage elec- 
trical porcelain. Beryl Ores Co., Arvada, 
Colo., used a small amount of beryl to 
produce specialized materials for the 
ceramic and other industries. 

The U.S. Atomic Energy Commission 
announced awards of 128 contracts for 


beryllium parts and materials valued at 
$4.68 million during fiscal year 1969, as 
compared to 107 contracts valued at $1.72 
million in fiscal year 1968.2 

The Government provides the biggest 
market for beryllium. The metal was uti- 
lized in numerous critical applications and 
also in research and development for spe- 
cial purposes. Beryllium was used in the 
Apollo flights to the moon. A beryllium 
inertial guidance platform at Cape Ken- 
nedy started the Saturn V rocket on a pre- 
cise course. Many beryllium parts were used 
in the optical systems used by the astro- 
nauts to navigate the quarter-million miles 
to the moon. A beryllium-encased nuclear 
power system and beryllium-housed instru- 


2 U.S. Atomic Energy Commission. The Nuclear 
Industry—1969. Dec. 3, 1969, pp. 92-93. 
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ments were used on the moon to feel the 
lunar “pulse” and report back to earth. 
The metal is also used successfully in discs 
in various military aircraft brake systems, 
an application having commercial possibili- 
ties. 

The Brush Beryllium Co., was the suc- 
cessful bidder on the $8 million beryllium 
portion of the Poseidon missile program 
and for brake discs for the FI4 Navy 
fighter plane. 
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Beryllium- copper alloys continued to 
have extensive uses—in computers, business 
machines, electronic devices, aircraft, boats, 
and automobiles. Recently, it has been 
used to mold plastics into realistic wood- 
grained parts for furniture. Beryllium 
oxide (beryllia), once confined to small 
output for custom-fabricated parts, is mass 
produced for the growing electronic mar- 
ket, especially in the field of integrated 
circuits. 


STOCKS 


Consumers' stocks of hand-sorted beryl 
at yearend totaled 5,936 tons compared to 
6,448 tons (revised) at yearend 1968. Deal- 


ers’ stocks of beryl were unknown. Yearend 
stock of bertrandite ore is company confi- 
dential data. 


PRICES AND SPECIFICATIONS 


Prices of domestic beryl are negotiated 
between buyers and sellers and are not 
quoted in the trade press. The value of 
imported beryl at foreign ports was $412 
per short ton. The published nominal 
price of imported beryl, 10 to 12 percent 
BeO, cif. Philadelphia, Pa. was $42 to 
$45 per short-ton unit (20 pounds) of 
BeO.3 

Published prices of various forms of 
beryllium metal, delivered, were as follows: 
Powder, 98-percent pure, $54 to $66 per 
pound; 14-inch-diameter rod, $83 per 
pound; and billet, $70 per pound. 

Quoted prices for various types of beryl- 
lium copper, f.o.b. mill, varied throughout 
the year. Master alloy, 4 percent beryllium, 
5-pound ingots, was $48 per pound of beryl- 
lium content (copper at cost on date of 


shipment) until January 26, and afterward 
$49 per pound of contained beryllium. 
Alloy No. 25 containing 2 percent beryl- 
lium, in strip, rod, bar, and wire form, 
was priced at $2.62 per pound through 
January 26; $2.71 per pound through April 
22; $2.76 per pound through August 4; 
$2.81 per pound into September; and 
afterward at $2.91 per pound. Casting 
ingot, No. 20-C, containing 2 to 2.25 per- 
cent beryllium, 5-pound ingots, was $1.79 
per pound through January 26; $1.83 per 
pound through April 22; $1.88 per pound 
through August 4; $1.93 per pound into 
September; and afterward, $2.03 per 
pound. 


3 Metals Week. V. 40, Nos. 1-52, January-De- 
cember 1969. 


FOREIGN TRADE 


Exports of unwrought and wrought 
beryllium metal and beryllium alloys and 
waste and scrap were the smallest in many 
years—69 percent below those of 1968. This 
was due largely to reduced shipments to 
West Germany (table 3). 

Acquisitions of beryl from the Govern- 
ment stockpile and also the supply of ber- 
trandite ore from the facilities of The 


Brush Beryllium Co. in Utah resulted in 
lowered imports of beryl. In addition to the 
beryllium imports listed in tables 4 and 5, 
other imports were as follows: 60 pounds 
of beryllium oxide or carbonate valued at 
$1,668 from Japan; and 1,041 pounds of 
other berylium compounds valued at 
$14,804—90 percent from Switzerland and 
the remainder from France and Japan. 
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Table 3.—U.S. exports of beryllium alloys, wrought or unwrought, and waste and scrap 1 


1968 1969 
Country — 
Pounds Value Pounds Value 
(thousands) (thousands) 

RI ée oc cn ⁵³ðVAui ZZ el EE LUE m SEN 524 $43 
Belgium-Luxembourg. .......................- 51 $1 91 4 
EE 2,273 102 7,086 48 
Denmark... os in Be ee um n s NE EE 67 1 
1J1ĩĩ§ĩ7édd&àdàdàé] 60h ⁊ð . A 915 65 4,446 230 
Germany, West 55,994 208 4,686 39 
KE 804 1 
Israel... ec Le ⅛˙—»mm ⁊ͤ d 2 (2) 15 1 
C16» ³Ü¹ꝛ¹ y 2 ua tas 12 1,809 10 
AE a: eer 6,162 124 2,298 72 
E e EE 1,040 1 E 
Netherlands 1 2,179 13 
/d ee 22 1 eae gees 

WOO OM u ..... 0B tea ee te EL EE Sen 13 (2) 
Sir “ll. rc EET mECR bes sas Se 2,987 9 
United Kingdom. ............................ 26,652 117 : 3,366 159 
TOUR]; sol celo eon % LL Ee 93,475 622 28,951 630 


1 Consisting of beryllium lumps, single crystals, and powder; beryllium-base alloy powder; and beryllium 
rods, sheets, and wire. 
2 Less than Le unit. 


Table 4.—U.S. imports for consumption of beryl, by customs district and countries 


1968 1969 
Customs district and country — — — 
Short tons Value Short tons Value 
(thousands) (thousands) 
Philadelphia district: 

AI. ³ A aioe 17 $ 
n 2252€ suse eet c UC 549 $214 600 227 
Awustralig: e 124 53 1 
Bong, 2 oe oe cec rcu xe 1 5 EN x 
Beater, 1,600 579 4,098 1,695 
Burundi and Roanda 176 60 143 5 
CCC ulcus M2 EM 88 Te v" 70 27 
14050, SEC c 56 12 44 19 
Malagasy Republic 52 16 78 27 
ET WEE SE MUS 11 4 
Mosampiaqauſſss cece ceases. 140 88 69 30 
Poftupal.. oe eee ᷣ ͤ K 67 29 94 44 
Rhodesia, Southern 97 32 xe eet 
South Africa, Republic of! ! 359 131 691 308 
J ĩ ...... E ELE E AE 23 8 1 
r . E SN isl: 22 9 
United Kingdom. ......................-. m eR 6 2 
Uganda .— 2: ⁰xymß 8 398 129 295 117 
OMe os oe see ]˙.-u— K Su cee 3 1 gos . ices 

Total EEN 8,659 1,356 6,254 2,578 
New York City district: 

prin. repe TENE 31 11 e m 
Brazib..—— c2 mm y 88 99 34 RENE "E 
Burundi and Rwanda..................... "S NE 22 8 
South Africa, Republic of M "n 12 b 
e tm tasca ER DET dA 33 12 "Pan cu 

JE·˙¹ AAA 8 163 57 34 13 
Baltimore district: 
Brazil EE Gë ge 40 19 
; Som tet 27 12 
G;öÖÜ˙ꝗ y ⁊ĩͤ m 8 > cs 67 26 
% leu. sii LEE m o e 134 57 


Grand total... --..--------------------- 3,822 1,413 6,422 2,648 
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Table 5.—U.S. imports of beryllium products in 1969, by countries 


Country 


Beryllium, unwrought, 


Pounde 


Beryllium, wrought 
waste and scrap 


Pounds Value 


Value 
(thousands) 


(thousands) 
2,235 $143 25 $12 
am Ri 18 1 
1,453 135 Es E 
3,688 278 43 13 


WORLD REVIEW 


Afghanistan.—Beryl-bearing pegmatites 
are extensive in eastern Afghanistan, and 
some are 5 to 15 miles and occasionally 30 
miles long. A  Soviet-assisted survey in 
1963-65 revealed four major pegmatite 
areas—Deh Bazar in Badakhshan Province, 
Sundurwar in Laghman Province, and 
Chawki-Sarkani and Darra-i-Pec in Konar 
Province. The Darra-i-Pec deposit 
appeared to be the most important. It 
forms a triangle with the Chawki-Sarkani 
and Sundurwar deposits and encompasses 
over 200 square miles of massive belts and 
veins of pegmatites. Afghanistan may have 
one of the largest reserves of beryl in the 
world. 

The Darra-i-Pec beryl deposit, compara- 
ble tc those in the largest beryl-producing 
countries, is about 1.73 square miles in 
area and a part of the 15-square-mile 
Dara-i-Pec field. The deposit contains two 
types of pegmatites. One, predominantly 
microcline and albite, has coarse crystals of 
hand-separable beryl; the other, predomi- 
nantly albite and spodumene, contains 
beryllium, tantalum, and lithium minerali- 
zation requiring milling methods for their 
recovery. The thickness of the veins ranges 
between 67 and 130 inches in the first type 
of deposit and averages almost 45 feet in 
the second. The smaller deposit contains 
proven and indicated reserves of 1,632 short 
tons of beryllium oxide (13,255 tons of 
hand-separable beryl) and 246 tons of co- 
lumbium pentoxide. Proven and indicated 
reserves in the larger deposit total 21,200 
tons of mechanically ‘separable beryllium 
oxide and 4,050 
pentoxide.* 


tons of columbium 


India.—Field reports show that beryl 
recoveries at mines are excellent and very 
high quality despite the somewhat 
unplanned and randomly executed proce- 
dures for mining. The “cottage industry” 
method of recovering beryl from pegma- 
tites requires little or no capital invest- 
ment; thus, the risk of economic disaster 
from expensive mechanization and over 
expansion at current prices and demand is 
minimized. Families work on a “split- 
profit" basis in the recovery of beryl. The 
annual output required to make a fair 
profit is not large.5 


* Bureau of Mines. Mineral Trade Notes. V. 66, 
No. 6, June 1969, pp. 5-7. 


5 Bureau of Mines. Mineral Trade Notes. V. 66, 
No. 10, October 1969, pp. 9-10. 


Table 6.—World production of beryl, 
by countries 
(Short tons) 


Country 1967 1968 1969» 
Argentina 296 654 » 570 
Australia 62 17 duce 
Brazil eegen 11,444 12,2913, 100 
Congo (Kinshasa) 2 ane 160 
Tndi TTT 21,485 „1, 432 1,488 
Kenya ---_-------------- 19 8 3 
Malagasy Republic ` `` 33 85 80 
Mozambique 186 104 135 
Portugal- -2-2-2222 ---- 15 140 80 
Rhodesia, Southern....... 3 47 r97 » 100 
Rwanda 120 168 276 
South Africa, Republic of 114 340 845 
Uganda ___ r 946 898 316 
US EE 1,323 1,322 1,378 
United States (mine shine 

ment w 168 W 
Total 4144. r§,442 7,219 7,926 
e Estimate. p Preliminary. r Revised. 


NA Not available. W Withheld to avoid disclos- 
ing individual company confidential data. 

1 Exports. 

2 Exports to United States as reported by Indian 
Department of Atomic Energy. 

s U.S. imports. 

4 Totals are of listed figures only. 
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TECHNOLOGY 


A new ring-rolling fabrication technique 
was used experimentally to make thinner, 
longer, and stronger hollow  beryllium 
tubes. When the new method is used in 
conjunction with back extrusion, it is pos- 
sible to convert a solid beryllium cylinder 
into a hollow tube two to four times 
larger in diameter and four to six times 
longer in length. The advantages over 
vacuum hot-pressed tubes are 50-percent 
higher yield strength, improved ductility 
in select directions, and greater utilization 
of beryllium.6e 

A new method for producing beryllium 
shapes, known as spark-sintering, combines 
electrical energy and mechanical pressure 
to convert powdered beryllium metal, as 
well as other materials, into shaped 
objects. Electric current passed through the 
powder, heats and sinters it rapidly. The 
properties of spark-sintered beryllium are 
practically the same as those for hot- 
pressed block produced by conventional 
methods.” 

Experiments on pressed compacts using 
chromium-coated beryllium powders con- 
taining’ less than 0.3 percent chromium 
yielded consistently higher physical proper- 
ties than those made of uncoated beryl- 
lium powders of similar particle size. In an 
evaluation of room-temperature properties, 
compacts made from  chromium-coated 


beryllium powder averaging 13-micron par- 
ticle size showed tensile strengths of 88,000 
pounds per square inch and no elongation 
compared to 68,000 pounds per square 
inch and 3-percent elongation for compacts 
made from uncoated beryllium powder. 
The formation of a beryllide (CrBe;») 
from using coated powder accounted for 
the increased strength. Generally, the addi- 
tion of small quantities of elements, such 
as up to 2 percent chromium, to pressed 
beryllium powder compacts does not signif- 
icantly affect the physical properties.8 


A survey of beryllium technology and 
nuclear applications, which, contains data 
on uses, fabrication methods, and the 
effects of neutron irradiation on beryllium, 
was published.? 


$ Glenn, George, and Arthur F. Hayes. New 
Forging Techniques for Beryllium. Metal Progress, 
v. 95, No. 3, March 1969, pp. 131-139. 


T Boesel, R. W., M. I. Jacobson, and I. S. Yoshi- 
oka. Spark Sintering Tames Exotic P/M Mate- 
rials. Materials Engineering, v. 70, No. 4, October 
1969, pp. 32-35. 


8 Morana, Simon J., and George J. Jagaciak. 
Thin Chromium Layer Raises Properties of 
Beryllium Compact. Metal Progress, v. 95, No. 4, 
April 1969, pp. 132, 134, 136. 


9 Pih, H. A Survey of Beryllium Technology and 
Nuclear Applications. No. ORNL-4421, June 1969, 
72 pp. (Available from U.S. Dept. of Commerce, 
Clearinghouse for Federal Scientific and Technical 
Information, Springfield, Va. 22151.) 


Bismuth 


By Donald E. Moulds! 


Consumption of bismuth resumed an up- 
ward trend in 1969 despite a shortage in 
supply, a substantial increase in price, and 
a major change in end-use pattern. The 
availability of supply was highlighted by 
the lowest level of net imports since 1962, 
although this was balanced by a 43-percent 
increase over 1968 in domestic refinery 
production a.i? shipment of over 500,000 


pounds from Government stocks. Rising 
foreign demand created an attractive ex- 
port market situation, and the domestic 
price was forced upward during the year 
from $4 to $6 per pound. At yearend do- 
mestic stocks of bismuth metal, excluding 
the Government stockpile, were about 8 
percent below those existing at the begin- 
ning of the year. 


Table 1.—Salient bismuth statistics 


(Pounds) 
1965 1966 1967 1968 1969 
United States: 
Consumption.. ----------------------- 2,931,673 3,199,321 2,513,652 2,347,768 2,531,959 
Ežports e ul ee e , 868 ,982 152,684 ,466 ,981 
Imports, general....................... 1,878,147 1,681,472 1,879,729 1,265,671 894,804 
Price: New York, average ton lots 3.43 $4.00 $4.00 $4.00 $4.63 
Stocks Dec. 31: Consumer and dealer... 506, 300 651, 800 659, 600 621, 500 597,901 
World: Production 6,526,000 6,861,000 7,441,000 8,076,000 8, 465, 000 


1 Includes bismuth, bismuth alloys, and waste and scrap. 


Legislation and Government Programs.— 
The General Services Administration, as 
authorized under Public Law 90-153 en- 
acted November 30, 1967, continued dis- 
posal of surplus Government stocks of bis- 
muth at the rate of 150,000. pounds each 
calendar quarter. Sales were conducted on 
an off-the-shelf basis at market prices at the 
time of offering. Purchasers had to agree 
that the bismuth was for domestic con- 
sumption and that they would not increase 
exports above the smallest quantity ex- 
ported in any one of the immediately 
preceding three quarters. Sales amounted 
to 482,500 pounds during the year. The 


offering (of 150,000 pounds was oversub- 
scribed in each of the last three quarters. 
The reduction of inventories in 1969, re- 
flecting shipments to industry, amounted 
to 529,197 pounds. 

The Office of Emergency Preparedness 
announced on December 3 establishment of 
a bismuth stockpile objective of 2.1 million 
pounds, a reduction from the prior 2.4 


million pounds. The total Government in- 


ventory at yearend in national and sup- 
plemental stocks was 2,876,986 pounds, and 
the surplus thus created amounted to 
777,000 pounds. The sale of 477,000 pounds 
is authorized in 1970 under Public Law 
90-193. 


DOMESTIC PRODUCTION 


Domestic refinery production from pri- 
mary and secondary materials increased 43 


1 Physical 
Metals. 


scientist, Division of Nonferrous 


percent over the 1968 strike-curtailed out- 
put. Shipments exceeded production and 
refinery stocks were reduced 23 percent. 
The Omaha plant of American Smelting 
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and Refining Company was the major bis- 
muth producer. The East Chicago, Ind., 
plant of United States Smelting, Refining 
and Mining Co. was the only other pri- 
mary producer. Secondary recovery of bis- 
muth from alloy scrap amounted to about 
414 percent of domestic output and was 
accomplished at the Franklin Park, III., 
plant of United Refining & Smelting Co. 
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A new organization, Gulf Chemical and 
Metallurigical Corp. was announced by 
Fred H. Lenway & Co. and Southern Cali- 
fornia Chemical Co. The company will 
operate the old Texas City tin smelter for 
recovery of a wide range of products in- 
cluding bismuth from spent bismuth- 
molybdenum catalysts. The bismuth will be 
refined to metal at a plant in Los Nietos, 
Calif. Production was not reported in 1969. 


CONSUMPTION AND USES 


Consumption of bismuth metal, including 
direct use of bismuth-lead bullion, in- 
creased almost 8 percent above the 1968 
low. All use categories exhibited growth, 
although the availability of metal had a 
retarding effect during the latter part of the 
year. 

Consumption of fusible alloys increased 
almost 11 percent. The fusible alloys, man- 
ufactured to a wide range of melting points, 
have many applications in safety devices, 
temperature regulators, casting molds for 
plastics, forming tools, and fixtures. Low- 
melting alloy was especially in demand for 
a blade grinding and assembly fixture used 
in the production of jet engines. 


Bismuth is also used as a metallurigical 
additive in iron and aluminum, an applica- 
tion that grew 15 percent in 1969. Of the 
total, 73 percent was used in malleable iron 
to improve castability and machinability, 
24 percent was used in aluminum to im- 
prove machining and the remaining 3 
percent was used in various alloys, includ- 
ing Babbitt and amalgam. 


The largest use of bismuth is in the 
manufacture of pharmaceuticals which 
includes a wide variety of chemical com- 
pounds used as medicines, cosmetics, cata- 
lysts and laboratory reagents. From 1968 to 
1969 consumption increased slightly over 3 
percent but was far below the record 1.72 
million pounds used in 1966. 


Table 2.—Bismuth metal consumed in the 
United States, by uses 


(Pounds) 
Use 1968 1969 
Fusible alloys ll. 675,416 748,398 
Other alloys.............. 454,519 523,710 
Pharmaceuticals 22 1,210,396 1,250,539 
Experimental uses 215 252 
Other uses. 7,222 9,065 
DT Otel 2c boa 2,347,768 2,531,959 


! Includes 106,104 pounds of bismuth contained in 
bismuth-lead bullion used directly in the production 
of an end product in 1968 and 62,995 pounds in 1969, 

2 Includes industrial and laboratory chemicals. 


A radical change in end use took place 
in 1969. The bismuth-molybdate catalyst 
for acrylic fiber production was reduced 
to an insignificant total, and the use of 
bismuth oxychloride for cosmetics expanded 
rapidly. Bismuth-molybdate catalyst, in 
which large amounts of bismuth were used 
in 1965-66, has been largely replaced by a 
less expensive antimony-depleted-uranium 
catalyst. The largest use of bismuth in 1969 
was in the manufacture of bismuth nitrate 
for conversion to bismuth oxychloride. The 
bulk of the oxychloride is consumed in 
cosmetics—lipstick, cake powder, nail lac- 
quers, hair spray, etc. The average size 
pearlescent lipstick, for example, contains 
about 0.0035 ounce of bismuth. 


STOCKS 


Consumer and dealer stocks of bismuth, 
amounting to 621,500 pounds at the end 
of 1968, were reduced to 502,000 pounds by 
midyear and then gradually increased to 


598,000 pounds at yearend. Domestic pro- 
ducers shipments reflected heavy demand 
for domestic metal. Stocks at refineries 
were reduced 23 percent during the year. 
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PRICES 


The delivered price of refined bismuth 
metal, in ton lots, was stable at $4 per 
pound from June 21, 1965, until advanced 
on August 1, 1969, by Cerro Sales Corp. to 
$5.25 per pound and by American Smelting 
and Refining Company to $5 per pound. 
The price was soon stabilized at $5.25. On 
November 1, the price was increased to $6 
per pound. 

The free-market price, as quoted by the 


London Metal Bulletin, held reasonably 
close to domestic producers, prices until 
July 1, at $4.70 to $4.90 per pound. The 
price then gradually increased to $4.90-$5 
by the end of July and to $6.90-$7.10 by 
the end of October. The peak was reached 
in early December at $9.80 to $10 per pound 
c. i. f. U.K. ports, and at yearend was 
quoted at $8.90 to $9.10 per pound. Dealers' 
prices in the United States followed the 
free-market pattern. 


FOREIGN TRADE 


Exports of bismuth metal and alloys, 
largely to Europe, totaled 448,000 pounds 
gross weight and were valued at over $1.5 
million, a record amount and almost four 
times the value of exports in 1968. Exports 
were destined for 17 countries. The United 
Kingdom and the Netherlands accounted 


Table 3.—U.S. exports of bismuth! 


Gross 
Year weight Value 
pounds 
1 9o; x 89,382 $225,617 
1967 88 152,684 395,695 
19658 od dene 120,466 292,245 
1969 33 oc mn mor 447,931 1,515,363 


l Includes bismuth, bismuth alloys, and waste and 
scrap. 


for 53 percent and other Western Euro- 
pean countries took 15 percent. Japan im- 
ported 20 percent of the U.S. bismuth and 
East Germany imported 22,200 pounds in 
1969. 

General imports of metallic bismuth 
totaled 894,804 pounds, a 29-percent de- 
crease from 1968 deliveries and the lowest 
level since 1962. Imports from Canada in- 
creased, which indicated the expanding 
output associated with molybdenum pro- 
duction. Receipts from Mexico were com- 
paratively the same as in 1968. In 1968 the 
domestic market received almost over 37 
percent of the Peruvian output compared 
with 21 percent in 1969. Asian exports 
were largely directed toward Europe. 


Table 4.—U.S. general imports of metallic bismuth, by countries 


1968 1969 
Country ooo 
Pounds Value Pounds Value 
(thousands) (thousands) 
RT TEE 121,916 $479 142,013 $617 
Gĩꝓ00;õĩ ] ˙ ... 97,693 371 50,229 208 
Korea, South... 255 soe eier Ee „435 li —— — SOMMA 
JJ7)777;·ͤ !...... ⁰ E A 383,367 1,316 882,630 1,478 
FFC ³˙¹iiA Du eee ˙ ¹ꝛm ˙¹ ss 658,260 2,585 819,932 1,419 
Total. niu "ERRARE RE 1,265,671 4,718 894,804 8,712 
WORLD REVIEW 


The demand for bismuth in the indus- 
tralized areas of the world, and the re- 
sulting high prices and critical supply 
availability continued to induce expansion 
of production to the maximum consistent 
with efficient smelter recovery from bis- 
muth containing ores. The byproduct 
relationship of bismuth to copper, lead, 
molybdenum, and tin ores determines pro- 


duction at the refinery rather than at the 
mine. In 1969 the world production of 
metal, excluding data withheld for the 
United States and based in part on prelim- 
inary reports and estimates, approximated 
8.4 million pounds in comparison to the 
6.4 million pounds produced in 1964 prior 
to the initiation of an upward trend in 
price. Peru continued to be the largest pro- 
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ducer of bismuth-in-ore and was 


by Bolivia, Mexico, and the United States. 
Peru was also the leading producer of re- 


fined bismuth and was closely 


by Japan. The United States is also a large 
producer of metal from domestic ores, 
from imports of raw material, and from 
The United States, 


secondary materials. 
is the leading consumer of metal, 


(SEH, TEEN E 


France_____________- EE 
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Netherlands 


United Kingdom 
Yugoslavia 
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followed by Japan, France, and other Western 
European countries, France in particular 
is the leading consumer of bismuth in 
pharmaceutical compounds, and the con- 
tinuation of the French Government's sub- 
sidy on bismuth used in pharmaceuticals 
maintained a high demand. The principal 
bismuth metal producers and their plant 
locations are as follows: 


followed 


followed 


Société Géneral Métallurgie de Hoboken. 

Société des Mines et Fonderies de Zinc de la Vieille-Montagne. 

Cadillac Moly Mines Ltd., Preissac, Quebec. 

Canadian Copper Refiners Ltd., Montreal, Quebec. 

Cominco Ltd., Trail, British Columbia. 

Gaspé Copper Mines Ltd., Murdochville, Quebec. 

Molybdenite Corporation of Canada Ltd., Val d'Or, Quebec. 

Preissac Molybdenite Mines Ltd., Preissac, Quebec. 

Société des Mines & Usines de Salsigne, Combe-duSaut. 

Société Miniere et Metallurgique de Pefiarroya, Noyelles-Godault. 

Norddeutsche Affinerie, Hamburg. 

Unterharzer Berg- und Huttenwerke, G.m.b.H., Oker. 

Monteponi e Montevecchio S.p.A., San Gavino Monreale, Sardinia; 

Sumitomo Metal Mining Co., Ltd., Kuritomi. 

Mitsui Mining and Smelting Co., Ltd. Kamioka. 

Rasa Industries Ltd., Miyako. 

Mitsubishi Metal Mining Co., Ltd. Hosokura. 

Toho Zinc Co. Ltd., Chigirishima. 

Nippon Mining Co., Ltd., Saganoseki. 

Dowa Mining Co., Ltd., Kosaka. 

Furukawa Mining Co. Ltd., Ashio. 

Korea Tungsten Mining Co. Ltd., Sangdong. 

Metalurgica Mexicana Peñoles, S. A., Monterrey. Asarco Mexicana, 
S. A., Monterrey. 

NV Hollandse Metallurgische Industrie Billiton, Arnheim. 

Cerro de Pasco Corp., Oroya. 

Bolidens Aktiebolag Rönnskär, Skelleftehamm. 

Mining and Chemical Products Ltd., Alperton. 

Rudnici I Toplomice Olova I Cinka, Kosovska Mitrovica. 


Table 5.— World production of bismuth by countries 


(Thousand pounds) 

—À—Á— — n I [— 
Country ! 1965 1966 1967 1968 1969 p 
Australia (in concentrates)............. m 1 r 26 388 448 
E a ecce eda euis 599 991 1,107 1,268 1,476 
Canada (metal) 222ũ2 429 526 668 648 721 
China, mainland (in ore) 660 660 r 551 551 551 
France (in ore7y9 )) 135 129 r 123 128 e 132 
Italy metals 9 27 33 18 e 20 
Japan (metal7ʒ 1,347 1,214 1,399 1,595 1,642 
Korea, South (metal)... ` 179 216 243 229 247 
Mexico 22-2- ------------------------ 1,025 1,036 1,111 1,157 1,336 
ir 13 4 5 4 
MNT ma sao 1,781 1,674 11, 785 1,757 1,518 
Sweden „-------------------- . 77 77 66 44 33 
U. S. S. R. (metal) 77 77 88 99 110 
United States W W W W w 
Yugoslavia (metal)... 195 229 237 189 227 
OUR! C "CR 6,526 6,861 17, 441 8,076 8,465 

e Estimate. P Preliminary. Revised. W Withheld to avoid disclosing individual company confidential 


data. 


! In addition to countries listed, Argentina, Republic of South Africa, South-West Africa, Spain and Uganda 


also produce bismuth in small quantities, 


and it is believed to be produced in Brazil, Bulgaria, and East 


Germany but production data for the latter countries are not available. 
? Bismuth content of refined metal and bullion plus recoverable content of concentrates exported. 


3 Production of Monteponi-Montevecchio Co., 


materials. 
4 Total is of listed figures only. 


Australia.—Production from 
mines and smelters was about 


pounds. The entire output was exported to 
Japan for refining. New properties are be- 


probably including production from purchased and toll 


existing 
448,000 


ing developed and refining facilities are 
under consideration. 

Belgium.—The two large base-metal com- 
plexes, Société Géneral Métallurgie de 


BISMUTH 


Hoboken, S.A., and Société des Mines et 
Fonderies de Zinc de la Vieille-Montagne, 
S.A., refine bismuth obtained from imported 
ores, intermediate smelter products, and 
secondary materials. 

Bolivia.—Bolivia is one of the few areas 
where the bismuth content of ores runs as 
high as 40 percent. It is often found in 
association with copper and tin. The con- 
centrates are exported to West Germany, 
the Netherlands, and Peru for refining. 
Corporacíon Minera de Bolivia, began con- 
struction of a bismuth smelting facility at 
Telemayu in October. The plant was be- 
ing built by Poudreries Reunies of Belgium 
and was scheduled for production of crude 
metal, 95 percent bismuth, by March 1970. 
A proposed refinery will upgrade the metal 
to commercial grades. 

Canada.—Approximately 60 percent of 
Canadian production is a coproduct of 
molybdenum produced by  Molydenite 
Corporation of Canada Ltd.; Preissac Molyb- 
denite Mines Ltd.; and Cadillac Moly- 
Mines Ltd. This bismuth, recovered as 
concentrates and processed to crude metal, 
is exported for refining. About 35 percent 
of the bismuth is produced from lead-zinc 
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ores by Cominco Ltd., at Trail, British 
Columbia, and refined to metal. Another 5 
percent is produced from copper-smelting 
flue dusts by Gaspé Copper Mines Ltd. as 
crude metal for export. 

France.—Production as a byproduct of 
lead-zinc ores is smelted to bullion and 
refined in the United Kingdom. France is 
the world's largest importer of refined bis- 
muth. 

Japan.—Most of the domestic production 
is a byproduct of copper and lead ores. 
Additional refinery production is obtained 
from processing of imported base-metal 
concentrates. 

Mexico.—Essentially all bismuth is pro- 
duced in conjunction with smelting lead 
ores, Approximately one-half the output 
is refined to metal. The remainder is ex- 
ported as bismuth-lead bullion for refining 
in the United States and United Kingdom. 

Peru.—All bismuth produced is a by- 
product of lead and copper ores. Of the 1.9- 
million-pound output about 600,000 pounds 
was exported as base-metal concentrates. 
The remainder, plus some 500,000 pounds 
in concentrate from Bolivia, was refined to 
commercial metal or alloy by Cerro de 
Pasco Corp. 


Digitized by Gooqle 


Boron 


By J. M. West! 


Sales of boron minerals, continuing an 
uninterrupted rising trend that began in 
1961, reached another new high in 1969. 
Markets were good, especially the export 
niarkets, and partly because of this, some 
products were reported in short domestic 
supply despite expansions at the major 
source, the Boron, Calif., operations of U.S. 
Borax & Chemical Corp. A new 95-percent 
anhydrous boric acid product captured a 
portion of the market for high B203 com- 
pounds because of its price and transporta- 
tion economies in terms of boron content. 
A zinc borate compound was introduced 
for addition to plastics as a fire retardant. 
Boron fiber composites were increasingly 


used because of high strength to weight 
properties. Colemanite deposits were under 
development in the Death Valley area of 
California and sizable reserves were indi- 
cated. 

Legislation and Government Programs. 
—In accordance with the Tax Reform Act 
of 1969, depletion rates were lowered from 
15 to 14 percent on both domestic and 
foreign borax production, effective with 
taxable years beginning on or after Octo- 
ber 9, 1969. No Government procurement 
programs for borates were in effect in 
1969, and there were no Government 
stocks. 


Table 1.—Salient boron minerals and compounds statistics in the United States 


(Thousand short tons and thousand dollars) 


^ 1965 1966 1967 1968 1969 
Sold or used by producers: 
Quantity: 
Gross weight. 807 866 r 892 r 963 1,020 
Boron oxide... ------------------ 462 r 473 r 519 551 
CH EE $64,180 $68,209 r$69,819 * $76,585 $81,261 
Imports for consumption: 
Quantity U. I ul. uu L ull LO UR E 12 27 19 25 
Ill a 3279 31,034 $1,201 $1,184 $1,668 
r Revised. 


DOMESTIC PRODUCTION 


Domestic production of borate minerals 
rose; sales reported by producers were 6 
percent higher than in 1968. Boron miner- 
als were mined chiefly by open pit meth- 
ods, with most of the output from Kern 
County, but some from Inyo County, 
Calif. In addition, a small tonnage was 
produced by underground methods in Inyo 
County, and production continued from 
brine solutions by two companies at 
Searles Lake, San Bernardino Country, 
Calif. The Boron mine of U.S. Borax & 


Chemical Corp., subsidiary of Rio Tinto- 
Zinc Corp. Ltd. since 1968, remained the 
world’s foremost source of boron. The firm 
produced an upgraded crude sodium bo- 
rate and various finished products at Boron, 
Calif, and processed borates in other 
plants at Wilmington, Calif, and Burling- 
ton, Iowa. Borates were shipped from Wil- 
mington docks to many parts of the world. 


1Physical scientist, Bureau of Mines, San Fran- 
cisco, Calif. 
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During the year, the company installed a 
new vacuum crystallizer system, several 
new thickeners, and an additional fusing 
line at its Boron works.2 

Producers of borate and related products 
at Searles Lake were American Potash & 
Chemical Corp. a subsidiary of Kerr- 
McGee Corp., and Stauffer Chemical Co. 
Active with experimental solar evaporation 
studies in the same area was Searles Lake 
Chemical Corp., a subsidiary of Occidental 
Petroleum Corp., which together with an- 
other subsidiary, Garrett Research and De- 
velopment Co., conducted evaluation tests 
at another site and produced small ton- 
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nages of borates and coproducts. Prototype 
ponds covering 400 acres were reported in 
use. 

U.S. Borax & Chemical Corp. and Ten- 
neco Corp. produced colemanite from 
mines near Furnace Creek, Calif. The 
products were used in nuclear shielding 
and as drill-hole stemming at test sites of 
the U.S. Atomic Energy Commission in 
Nevada. Tenneco continued to explore 
properties near Shoshone and Ryan, 
Calif., and apparently had discovered large 
tonnages of colemanite ore in both areas 
minable by open pit and underground 
methods. 


CONSUMPTION AND USES 


Glasses, enamels, soaps, chemical and ag- 
ricultural products, and abrasives remained 
the major categories of boron consump- 
tion. Among the many products using 
boron were fertilizers, tanning compounds, 
fungicides, gasoline additives, fluxes, metal 
alloys, nuclear-shielding components, pesti- 
cides, and flameproofing compounds. Glass 
fiber consumed increasing amounts of 
boron, largely as a result of the popularity 
of glass-fiber textiles and the use of tex- 
tile-grade fibers to reinforce tires. U.S. 
Borax & Chemical Corp. developed and 
began test-marketing a fire retardant addi- 
tive for vinyl and polyester plastics. The 
advantages over other retardants were said 
to include less impairment of translucency 
and color, more resistance to. formation of 
bubbles at elevated temperatures, and 
greater availability than traditional anti- 
monial retardants. The compound, a zinc 
borate with 3.5 molecules of water of hy- 
dration, was given the trade name Fire- 
brake ZB." 

To meet the growing demand for use of 
boron filaments in fiber composites, fila- 
ment production capacity was tripled to 
10,000 pounds a year at the Windsor 
Locks, Conn. plant of Hamilton Standard 
Division of United Aircraft Corp. 

A copper master alloy containing 2 per- 
cent boron was introduced for removing 


impurities from metallic melts and for re- 
tarding grain growth.3 An isotope-enriched 
boric acid was prepared for calibrating 
spectrometers and for use in nuclear 
reactors. Boride evaporator bars were 
being tested for use in vacuum-metallizing. 
Development of processes for producing 
high-purity elemental boron and in utiliza- 
tion of boron composites in the aerospace 
industries continued. An estimated 25 to 
30 tons of elemental] boron was consumed 
in various specialized products in 1969. 
Greater use of boron in metallurgical 
applications was foreseen. Research was 
conducted on substitution of borates for 
other fluxes in steelmaking, and efforts 
were underway to expand markets for bo- 
rates in shielding for nuclear testing and 
for protective use with atomic waste prod- 
ucts because of the radiation-absorption 
properties of boron. Continued overall 
growth in boron markets was predicted.5 


? Commercial Fertilizer and Plant Industry. Part 
of $9 Million Expansion: New Crystallizer Line at 
ois RE Boron. V. 119, No. 3, September 1969, 
p. 23. 


3 American Metal Market. Kawecki Berylco In- 
troduces New Boron Copper Alloy. V. 76, No. 
129, July 10, 1969, p. 9. 

* Technical News Bulletin. Enriched Boric Acid. 
V. 53, No. 7, July 1969, p. 162. 


5 Industrial Minerals (London). Sizeable Market 
or 29 Still Growing. No. 22, July 1969, pp. 
10-20. - 

Thompson, R. The Boron Products Industry. 
9th Commonwealth Min. and Metal Congress, 
London, Paper 12, 1969, 9 pp. 
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PRICES 
Prices of virtually all borate products Table 2.—Borate prices at yearend, 1969 
were higher than those in 1968, and an Per 
additional increase was posted at yearend or 
on boric acid in all forms except a new - 
d Borax, technical: 
special 95-percent anhydrous grade. The Anhydrous, 99 percent: 
latter grade sold at a sharp discount from Buff. .. . Te 
the price of the customary 99. 9- percent Granular, decahydrate, 99. 5 pereent: 
: , . ID m MM ———— € 58.75 
grade. The price differential between " pul Lou V 50. 25 
U.S. P. and technical grades of boric acid ä 5 Maid d or. 75.25 
: : " Bulk. erte 66.75 
sold in bags increasco by $5 per ton. Ele- Boric acid, technical: 3 
mental boron prices were quoted at year- Anhydrous, 99.9 percent, bags. ......- 897.00 
: Anhydrous, 95 percent, bulk 161.00 
end by American Metal Market as follows Crystals, 99.9 percent: 
(per pound, in ton lots) : 90 to 92 percent, Sa 278.00 
$13; 97 to 99 percent, $18; and over 99 E 99.9 percent 12500 
percent. 570. Boron fibers were priced Drums 158.00 
b $250 d b d s Bu lk = = — — — — ep vm — em —ͤ em = — mm ep em — — em em ep 115.00 
about per poun y one producer, Sodium borate powder, U.S.P., bags 111.25 


however, prices were expected to decline 
with anticipated increased volume of pro- 
duction. 


1 Carlots, f.o.b. plant works. 
2 Boric acid U.S.P. $80 per ton higher than technical 
grade, in bags. 


Source: Oil, Paint and Drug Reporter and industry 
sources. 
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FOREIGN TRADE 


Exports of boric acid were lower in 
quantity but higher in value. The largest 


tonnages went to Japan, Canada, the Neth- 
erlands, and West Germany. Exports of re- 


Table 3.—U.S. exports of boric acid and sodium borates in 1969 


Destination 
Short tons 

Australia... ß -o 2,119 
Belgium- Luxembourg 39 
(e EE us 989 
RECH, TEE 5,450 
1 ³Ü·¹¹A K 287 
Colombia... s... u xeu seio 259 
Finland... es eb ee ee 9 
France. oor eee eee ee: 11 
Germany, West... 4,836 
Hong Kong 225 
Indonesia... eek Dadaan 
Fl E 82 
Daly cos Se ( uyum us 26 
7)ôö%Ü5C ˙— mR s un EU i Cs 10, 798 
Korea, SOUGH EE 840 
Mexico- r ß EE 1,426 
Netherlands 5,422 
New Zealan ` ..------------------- 707 
Pakistan 256 
e . a E m E AL 160 
rud dee EE 296 
Singapore___. . cet 29 
South Africa, Republic of 857 
SDAID: exuere mms . 121 
Sweden 103 
Sewitzerland 00 eee 
Taiwan. ncc K Soca LE 170 
Thalland. ¿coo ⁵ð2id ⁵ðVßuẽ cece o esc 
United Kingdom. ...................- 987 
Venezuela... _...-._..-.---.--..------- 284 
Vietnam, South. ....................- 41 
Yugoslavia... ........-.........-..--  ------ 
Other o clot mee cem 723 

1 coset 8 36,452 


Boric acid (H-BO; content) 


Sodium borates (refined) 


Value Short tons Value 
(thousands) (thousands) 

$287 4,202 $389 

4 801 62 

143 2,818 822 

597 8,818 824 

83 940 109 

39 1,227 128 

247 19 

6,880 661 

476 1,818 158 

80 5,005 510 

mu nud 549 46 

9 887 82 

6,294 598 

1,496 46,408 4,192 

47 3,638 258 

211 9,211 913 

808 68,929 7,181 

90 8,798 558 

84 778 52 

22 483 45 

39 924 96 

4 534 50 

50 341 30 

24 1,255 138 

17 1,080 90 
Eeer 1,301 

23 2,574 206 

EOM 955 94 

90 5,280 500 

42 141 12 

(Í 1,223 77 

PERDER 6,118 652 

112 2,301 218 

4,747 197,198 19,257 
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fined sodium borates increased in both 
quantity and value. In addition, large but 
unspecified quantities of unrefined sodium 
borates were exported, chiefly to Western 
Europe. 

Colemanite, a calcium borate, was im- 
ported from Turkey in the amount of 
24.303 short tons valued at $717,550. A 
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small tonnage of boric acid was imported 
from Canada. Boron carbide, totaling 211 
short tons valued at $883,464, was im- 
ported mainly from Canada and West Ger- 
many in 1969. Boron metal, waste, and 
scrap imports came mostly from West Ger- 
many and totaled 859 pounds valued at 
$61,124. 


WORLD REVIEW 


Argentina.—Boroquimica Limitada, a 
Borax (Holdings) Ltd. subsidiary, re- 
mained the principal producer of borate 
minerals in Argentina and operated its 
plant at Campo Quijano, Salta Province, at 
nearly its 25,000-ton-per-year capacity in 
1969. The firm had conducted an explora- 
tion program for several years and was 
evaluating new reserves in the vicinity of 
the Tincalayu open pit mine, which it op- 
erated at the edge of the Salar del 
Hombre Muerto. Minerals occurring in the 
arga include borax, kernite, ulexite, tincal- 
conite (Na2O.2B203) and several rare bo- 
rates found in few other places. Production 
of borates in Argentina totaled 23,200 
short tons during 1968; 8,140 tons of bo- 
rates and perborates valued at $834,300 was 
exported, largely to Brazil and Chile. 

Chile.—Mining of ulexite at the Ascotan 
mine in Antofagasta Province was discon- 
tinued in 1967, but small surface stocks re- 
mained to be sold. Boric acid continued to 
be produced in Chile as a byproduct of ni- 
trate operations by Compania Salitrera 
Anglo-Lautaro at Coya Sur, also in Antofa- 
gasta Province. Boric acid capacity of the 
plant was reported at 2,500 tons per year. 
The Government reportedly sought assist- 
ance in developing ulexite ores in Tara- 
paca Province near the Bolivian border. 

France.—Borax Français SA, a subsidiary 
of Borax (Holdings) Ltd., was expanding 
its plant at Coudekerque near Dunkirk to 
25,000 tons of boric acid per year. In- 
creased demand for boric acid in glass, ce- 
ramics, and nylon manufacture was cited 
for the expansion scheduled to be com- 
pleted in late 1970. The plant would then 
account for about one-third of the produc- 
tion capacity of the Common Market coun- 
tries, which was estimated to total 50,000 
tons in 1969. 

Italy —Lardarello SpA scheduled dou- 
bling of boric acid capacity at its Volterra, 
Pisa, plant to 40,000 tons per year. New 


facilities were to include a 30,000-ton-per- 
year borax unit. The plant used Turkish 
colemanite as its raw material. 

Netherlands.—Reported storage capacity 
of silos and warehouses of the Borax 
(Holdings) Ltd's Rotterdam terminal was 
about 50,000 tons of varied boron prod- 
ucts. Trona Chemicals Co., a subsidiary of 
American Potash & Chemical Corp., 
shipped borax products to Rotterdam from 
the United States through the Dutch firm, 
Rotterdamse Silo Combinatie (ROSILCO 
NV), for distribution in Europe.6 

Turkey.—Borates were produced in Tur- 
key mainly in the following areas: Susur- 
luk and Bigadic, Balikesir Province; Emet, 
Kutahya Province; M. Kemalpasa, Bursa 
Province, and Seyitgazi, Eskigehir Province. 
Production totaled 356,000 short tons in 
1969, about 20 percent higher than in 
1968. Exports of borates, according to the 
State Institute of Statistics, totaled 256,000 
short tons in 1968 and were expected to go 
higher in 1969. France and Italy were the 
main destinations for crude borates; impor- 
tant quantities also went to the United 
States, the United Kingdom, Poland, East 
Germany, and Japan. Etibank, the State 
mining agency, continued to produce 
largely hand-cobbed colemanite from its 
open pit mine at Hisarcik. 

Türk Boraks Madençilik, a subsidiary 
of Borax (Holdings) Ltd., was active 
in developing a mining concession at 
Killick, where large reserves had been out- 
lined. Government plans remained unclear 
as to whether development of the recently 
discovered Kirka area deposits would be 
allowed to proceed under private owner- 
ship or whether the operations would be 
nationalized. Rasih ve Ihsan AS operated 
an underground colemanite mine on con- 


6 Industrial Minerals (London). Rotterdam’s 
Role in Bulk Mineral Distribution. No. 19, April 
1969, pp. 33-35. 
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cessions near Bigadic. The company pro- 
duces 25,000 to 30,000 tons of ore an- 
nually. In the same area, subsidiaries of 
the Ugine-Kuhlmann (France) and Ameri- 
can Potash & Chemical Corp. (U.S) 
joined in mining ulexite and colemanite 
ores, mainly for export to France. The 
combine received approval from the Turk- 
ish Government to develop a second prop- 
erty nearby. 

Etibank's new plant at Bandirma oper- 
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ated with a capacity for about 22,000 short 
tons of borax and 6,600 tons of boric acid. 
Plans to build a colemanite beneficiation 
plant at Emet, possibly in 1970, with a ca- 
pacity of 165.000 tons of concentrate, were 
studied. The plant would upgrade the ore 
from about 30 to 43 percent B>Os content. 

U.S.S.R.—Test shipments of borates dur- 
ing 1969 to Mexico and Japan from the 
U.S.S.R. and mainland China were re- 
ported. 


TECHNOLOGY 


Of over 80 minerals identified in the 
Kramer borate district of Kern County, 
Calif., nearly one-fourth were borates, in- 
cluding several that were first described in 
the Kramer deposit? Discovery of a new 
boron mineral, named terrugite, was re- 
ported at the Loma Blanca borate mine in 
Jujuy Province, Argentina. The mineral 
occurred as white, cauliflower-shaped nod- 
ules in a spring deposit.8 

Anhydrous boric acid was produced in a 
continuous production unit9 The process 
utilized sodium pentaborate directly re- 
acted with sulfuric acid, followed by heat- 
ing in a furnace. The products, separated by 
gravity into anhydrous boric acid (ABA) 
and salt cake, were then split by passing 
the mass through a horizontal blade to 
produce two marketable compounds. The 
ABA was reported to have a purity of 95 
percent or more and to be strongly com- 
petitive with the purer but higher cost 
ABA produced by established processes in 
the borate industry. 

With boron present in small fractions of 
a percent, increasing the manganese con- 
tent of steel increased its hardenability 
and permitted reduction in carbon content 
without loss of product strength. 10 The 
development was reported to have fostered 
a new series of boron-treated steels com- 
bining cold formability with strength and 
toughness in heat-treated parts. A new ad- 
ditive for making boron steel was said to 
provide savings in cost up to 25 percent, 
and use of the additive was recommended 
to improve the hot workability of stainless 
steels.11 

The effects of oxidation and thermal 
shock on boron nitride and composited 
materials at high temperatures were inves- 
tigated at the Langley Research Center of 
NASA in Hampton, Va.12 Tested for com- 


patability, the boron nitride showed little 
or no reaction with refractory ceramics at 
temperatures up to 1,500? C or with re- 
fractory metals up to 1,000? C. Several new 
grades of boron nitride powders said to 
provide greater stability at temperatures 
above 5009 C were placed on the 
market.13 A cubic form of boron nitride 
was claimed by its developer, General Elec- 
tric Co., to have superior abrasive qualities 
for metalworking. The product was rated 


second only to diamond in standard tests 


and gave significant cost reductions when 
used in either wet- or dry-grinding of 
hardened tool steels.14 
Technology of boron fiber composites 
advanced significantly during the year. 
Metal matrix composites were produced by 
continuous casting by General Technolo- 
gies Corp.. Reston, Va., in a process for 
making preformed shapes of boron rein- 
forced magnesium.15 A composite tita- 


7 Morgan, Vincent, and Richard C. Erd. Min- 
erals of the Kramer Borate District, California. 
Calif. Div. of Mines and Geol, Min. Inf. Serv., 
Part I, v. 22, No. 9, September 1969, pp. 143- 
153; Part II, v. 22, No. 10, October 1969, pp. 
165-172. 

8 Aristarain, L. F., and C. S. Hurlbut, Jr. Ter- 
rugite, 4CaO.MgO.6B:0s.AÀs205.18H:O, New 
Mineral From Jujuy Argentina. Amer. Miner., 
v. 53, No. 11-12, November-December 1968, pp. 
1815-1827. 

? Pioneer (U.S. Borax & Chemical Corp.). The 
In-Between Step. V. 10, No. 5, September- 
October 1969, p. 9. 

1? Rineholt, John A. A New Group of Boron- 
Treated Steels. Metal Progress, v. 96, No. 3, 
September 1969, pp. 117-122. 

11 American Metal Market. Boron Additive 
Developed. V. 76, No. 62, Apr. 2, 1969, p. 20. 

12 Buckley, John D. Static Oxidation and Com- 
patability of Boron Nitride and Boron Nitride 
Composite to 2000° C. Am. Ceram. Soc. Bull., v. 
48, No. 7, July 1969, 711-715. 

13 Chemical Week. Boron Nitride Powders. V. 
104, No. 10, Mar. 8, 1969, p. 36. 

14 American Metal Market. Boron Nitride Abra- 
sives To Grind Steel Unveiled. V. 76, No. 125, 
July 8, 1969, p. 20. 

15 Steel. Continuous Casting Yields Cheaper Com- 
posites. V. 164, No. 13, Mar. 31, 1969, p. 24. 


230 


nium-boron tape was manufactured by a 
high-speed diffusion bonding process on a 
continuous basis by Solar Division, Inter- 
national Harvester Co. in San Diego for 
use in turbine blades. 16 Boron-aluminum 
composites for blades were tested success- 
fully in a turbofan jet engine and prom- 
ised significant increases in blade effi- 
ciency.17 Airplane propeller blades of a 
similar composite were being considered. 

Rudder sections were fabricated by Mc- 
Donnel Douglas Corp. from a composite 
of epoxy resin and boron fibers for test in- 
stallation in the F-4E fighter-bomber. 
Weight was reduced from 64 pounds for a 
comparable aluminum part to 42 pounds 
for the composite. The firm received a 
U.S. Air Force contract to produce 50 such 
units for experimental purposes. Bendix 
Corp. used boron composite parts instead 
of metal in landing-gear assemblies for air- 
craft, and this provided a 25- to 40-percent 
savings in weight. North American Rock- 
well Corp. was awarded a contract to con- 
struct a boron-epoxy wing for the Air 
Forces F-100 fighter plane. Northrup 
Corp. studied the use of composite parts in 
supersonic transport airframes. Production 
of boron filament tapes was described.18 
Characteristics of boron fiber composites 
were compared with those of graphite and 
other types of composites.19 A prediction 
was made that within 10 years lowered 
costs would place these high-performance 
composites in range of many conventional 
applications. 

A composite metal matrix system of con- 
siderable interest was one made of alumi- 
num or aluminum alloys reinforced with 
boron filaments. It was found that cold- 
working improved panels made of such 
composites by increasing both the tensile 
strength of the material and the range 
over which response persists to elastic 
strain. The test panels, unidirectionally 
reinforced, were cross-rolleed, and then 
hardness and tensile properties were meas- 
ured in the direction parallel to the 
fibers.20 

A new compound with the composition 
2NiO.B5O3; and stable from 1,303? to 1,480? 
C was discovered in studies of phase 
changes.21 Reactions between boron nitride 
and molybdenum, tungsten, and rhenium 
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were studied, and it was shown that acti- 
vation energies were such that borides 
could either form almost simultaneously or 
in distinct steps.22 Activity coefficients for 
boron in palladium were determined and 
deviations interpreted.23 

Information was obtained on solubility 
and diffusion control of boron in silicon 24 
and on electrical and crystalline properties 
of silicon implanted with boron atoms.25 
These properties are of interest because of 
boron's importance as a dopant in elec- 
tronic semiconductors. Borate glasses were 
studied for ultraviolet absorption after 
vanadium additions 26 and in regard to 
lead diffusion.27 


1$ Metal Progress. Titanium-Boron Composites 
Have Potential in Turbines. V. 95, No. 5, May 
1969, p. 10. 

17 American Aviation. P & W Tests Boron Com- 
posite Fan: Aluminum Metal Matrix Blades Sur- 
vive Two-Hour Run in Excellent Shape. V. 32, 
No. 17, Jan. 20, 1969, p. 52. 

Product Engineering. Boron-Aluminum Fan 
Blades Pass Flying Test in Jet Engine. V. 40 
No. 3, Feb. 10, 1969, p. 96. 

18 Metal Progress. Boron-Epoxy Systems in Ac- 
tion. V. 95, No. 3, March 1969, pp. 104-105. 

1? Fleck, James N., and Edward J. Jablonowski. 
New World of Composites: What We Can Ex- 
pect in the 1970's. Metal Progress, v. 95, No. 3, 
March 1969, pp. 99-103. 

20 Getten, J. R., and L. J. Ebert. The Cold 
Rolling Characteristics of Aluminum-Boron Fiber 
Composites. Trans. ASM, v. 62, No. 4, December 
1969, pp. 869—878. 

71 Berkes, John S., and William B. White. Phase 
Relations in the System LizO. BzOz-BzO;-NiO. J. 
Am. Ceram. Soc., v. 52, No. 9, September 1969, 
pp. 481-484. 

2 Baehren, F. D., F. Thummler, and D. Vol- 
later. Die Kinetik der Bildung von Boriden des 
Molvbdan, Wolfram, und Rhenium aus Bornitrid- 
Metallpulvergemischen. J. Less-Common Metals 
ee v. 18, No. 3, July 1969, pp. 295- 


23 Brodowsky, Horst A., and Hans-Jurgen Schal- 
ler. Thermodynamics of Nonstoichiometric Inter- 
stitial Alloys: I. Boron in Palladium. Trans. 
AIME, v. 245, No. 5, May 1969, pp. 1015-1020. 

24 Vick, G. L., and K. M. Whittle. Solid Solu- 
bility and Diffusion Coefficients of Boron in Sili- 
con. J. Electrochem. Soc., v. 116, No. 8, August 
1969, pp. 1142-1144. 

Whittle, K. M. and G. L. Vick. Control of 
Boron Diffusion From a Pyrolitic Borosilicate 
Glass Source. J. Electrochem Soc., v. 116, No 5, 
May 1969, pp. 645-648. 

Seidel, T. E., and A. U. MacRae. Some Pro- 
perties of Ion Implanted Boron in Silicon. Trans. 
Metallurg. Soc., AIME, v. 245, No. 3, March 
1969, pp. 491—498. 

æ% Paul, A., and J. M. Rusin. Ultraviolet Absorp- 
tion of Pentavalent Vanadium in Binary Alkali 
Borate Glasses. J. Am. Ceram. Soc., v. 52, No. 12, 
December 1969, pp. 657-660. 

27 DeLuca, John P., and C. G. Bergeron. Diffu - 
sion of Lead in a Lead Borate Glass. J. Am. 
Ceram. Soc., v. 52, No. 11, November 1969, pp. 
629—630. 


Bromine 


By Keith S. Olson! 


Production of bromine and bromine com- 
pounds by the Nation's primary producers 
continued to increase, owing to an in- 
creasing demand for ethylene dibromide 
and elemental bromine for use in gasoline 
additives, flame retardants, sanitizers, and 
many other industrial uses. Production of 
bromine and bromine compounds increased 
more than 8 percent in quantity and 1 
percent in value. The lesser increase in 
value was attributed to a drop in price of 


ethylene dibromide. Over 85 percent of 
the domestic bromine output was in the 
form of bromine compounds, production of 
which increased almost 7 percent in quan- 
tity and less than 1 percent in value over 
that of 1968. Despite a threefold increase 
in imports of bromine compounds, imports 
comprised less than 1 percent of the total 
bromine products consumed in the United 
States. 


1 Industry economist, Bureau of Mines, Minnea- 


polis, Minn. 


DOMESTIC PRODUCTION 


Production of bromine and bromine com- 
pounds increased to a record 392 million 
pounds valued at $88 million. The largest 
quantity increases occurred in the output 
of the two principal items, elemental bro- 
mine and ethylene dibromide. Production 
of elemental bromine increased 18 per- 
cent in quantity and 19 percent in value 
from that of 1968. Output of ethylene 
dibromide increased nearly 6 percent in 
quantity but decreased less than 1 percent 
in total value, owing to a 5-cent-per-pound 
price decrease, which took effect in August. 
Increases were also reported in the output 
of ammonium bromide, sodium bromide, 
potassium bromide, and ethyl bromide. 

The Nation's eight primary bromine 


producers operated 12 plants in four States. 
Michigan retained its position as the lead- 
ing bromine-producing State, followed by 
Arkansas (which replaced Texas as the 
second largest bromine producer), Texas, 
and California. The largest increase in 
production of bromine products occurred 
in Arkansas with increases in quantity and 
value of 52 and 36 percent, respectively. 
Chief reason for the increase was the addi- 
tion of another bromine plant in mid-1969. 
Bromine production in Michigan increased 
nearly 6 percent in quantity, but decreased 
nearly 2 percent in value. Bromine produc- 
tion decreased in Texas and California. 
Domestic producers of bromine and bro- 
mine products were as follows: 


Production 
State Company County Plant source 
Arkansas Arkansas Chemicals, Ine Union Arkansas Chemicals Well brines. 
Bromet Co Columbia Magnolia Do. 
The Dow Chemical Co....... .... dO. ose Res P . Do. 
Great Lakes Chemical Corp Union El Dorado..............- Do. 
Michigan Chemical Corp..... .... dori stu Michigan Chemical Corp Do. 
California... American Potash & Chemical San Bernardino.. Tron Searles Lake 
Corp. brines. 
Michigan. The Dow Chemical Coo Mason Ludington -------------- Well brines. 
§Y7§§ö§«»;— x Midland Midland Do. 
Michigan Chemical Corp. .... Manistee........ East Lake Do 
O EE _.. Gratot St. Louis PARER Do 
Morton Chemical Co... Manistee. ......- Maniste Do 
Texas Ethyl-Dow Chemical Co Brazor ia Ethyl-Dow. ............- Sea water 
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Table 1.—Sales of bromine and bromine 
compounds by primary producers in 
the United States 


(Thousand pounds and thousand dollars) 


Quantity 
Year —— —— Value 

Gross Bromine 

weight content 
1965. 2.. 328,115 274,569 $77,259 
1966________ eee 8 326,498 275,009 78,883 
1967. oe mm 349,757 292,072 85, 391 
1968 8 362,452 304,501 86,787 
1989 8 391,883 335,242 87,990 
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Bromet Co. a joint venture of Ethyl 
Corp. (80 percent) and Great Lakes Chem- 
ical Corp. (20 percent), began production 
of ethylene dibromide at its new plant near 
Magnolia, Ark. in mid-1969. This plant 
was expected to supply Ethyl Corp. with 
its total requirements for ethylene dibro- 
mide. The Bromet plant replaced the 
Ethyl-Dow Chemical Co. plant at Freeport, 
Tex. which discontinued the production 
of ethylene dibromide in December. Major 
reason for replacing the Freeport plant was 
the lower cost of producing bromine from 
brines than from sea water. 


Table 2.—Bromine and bromine compounds sold by primary producers in the 
United States 


(Thousand pounds and thousand dollars) 


Quantity 
Product Value 
Gross Bromine 
weight content 
1968: 
Elemental bremnuee etude ss 51,997 51,997 $10,318 
Ethyl bromide. . .......... Hr EE ER 569 415 246 
Methyl bromide- Or i sos Duis ere ecc 19,014 16,008 8,001 
Other, including ethylene dibromide, sodium bromide, ammonium 
bromide, and potassium bromide. ----------------2----------- 293 , 694 238 , 220 70,041 


T'Ootül i.e eee et ees Soe 


1969: 


Elemental brominee 
Ethyl bromide. -` ----------------------------- 
Methyl bromide......................-......- 


Other, including ethylene dibromide, sodium bromide, ammonium 


bromide, and potassium bromide. ............ 


jid d RTT 


PPP 362,452 304, 501 86,787 
f. 61,279 61,279 12,276 
SEENEN 1,725 1,265 67 

EC 18,726 15,762 6,902 
3 de 314,530 259,982 70,972 
F 391,883 335,242 87,990 


1 Total has been adjusted to avoid duplication of transferred or purchased material. 


CONSUMPTION AND USES 


Most bromine products were sold in the 
form of ethylene dibromide. Elemental 
bromine ranked second in production, fol- 
lowed by methyl bromide. Ethylene dibro- 
mide was used mainly as a lead scavenging 
agent in antiknock gasoline additives. Laws 
governing the lead content of gasoline, in 
an effort to combat air pollution, may 
seriously affect future bromine markets. 


Other uses for bromine and bromine com- 
pounds included fire extinguisher charges; 
flame retardants for plastics, textiles, and 


other materials; pharmaceuticals; photo- 
graphic chemicals; hydraulic and gage 
fluids; agricultural chemicals; intermedi- 


ates; sanitizers; and water treatment chem- 
icals. 


BROMINE 


PRICES 


Prices quoted at yearend for bromine 
and bromine compounds in the Oil, Paint 


Cents 
per 
pound 
Bromine, purified: 
Cases, carlots, ton lots, 
delivered east of Rocky 
Mountains 222222 33 
Zone I:! 
Returnable drums, carlots, 
ton lots, delivered .............- 27 
Tankear lots, delivered 16.75 
Tank truck lots, 
delivered 22222 «2 18.5 
Ammonium bromide, National 
Formulary (N. F.), granular, 
drums, carlots, ton lots, 
freight equalized „4 46 
Bromochloromethane: 
Drums, carlots, freight 
Sandee. sen 51.5 
Tanks, same basis 50 
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and Drug Reporter were as follows: 
Cents 
per 
pound 
Ethyl bromide, 98 percent 
drums, carlots, freight 
equalized . 22222 68 
Ethylene dibromide: 
Drums, carlots, freight 
egualized ,... 25 
Tanks, same basis .-------- 22-22-22 20 
Methyl bromide, 
service organization prices, 
40- to 375-pound cylinders, 
large lots, freight allowed 51-64 
Potassium bromate, 200-pound 
drums, carlots, freight allowed 55 
Potassium bromide, N. F., 
granular, drums 40 
Sodium bromide, N.F., granular, 
barrels, drums, freight equalized ..... 40 


1 Prices in Zone II are 1 cent per pound higher. Prices in Zone III are 2 cents per pound higher. 


Except for increases in the quoted prices 
for bromochloromethane and potassium 
bromate and a decrease in price for ethyl- 


FOREIGN 


Data relating to exports of bromine, 
bromides, and bromates are not available. 

Imports of bromine compounds in 1969 
reported under existing tariff schedules 
(TSUS) consisted of 330 pounds of potas- 
sium bromide from West Germany valued 
at $2,914 and 58,201 pounds of ethylene 
dibromide valued at $6,054, compared with 
2,116 pounds of ethylene dibromide and 
16,571 pounds of potassium bromide im- 
ported in 1968. Despite the increase in 


ene dibromide, the prices are unchanged 
from those quoted at the end of 1968. 


TRADE 


imports, shipments of bromine products 
into this country are much less than those 
of several years ago. Increased output of 
ethylene dibromide by domestic producers 
has lessened the requirements for imported 
material. No transactions were reported in 
1968 or 1969 for elemental bromine or 
sodium bromide. All other imports of bro- 
mine compounds are included in a blanket 
category and are not classified separately. 


WORLD REVIEW 


Germany, West.—Great Lakes Chemical 
Corp. and Chemische Fabrik Kalk G.m.b.H. 
of Cologne, have agreed to interchange 
technology, patents, and rights to manufac- 
turing and marketing brominated flame 
retardants produced by both companies.? 

Japan.—Bromine output in 1969 con- 
sisted of 7,118 metric tons of elemental 
bromine and 536 metric tons of potassium 
bromine compared with 6,330 metric tons 
of elemental bromine and 504 tons of 
potassium bromine produced in 1968.3 

Spain.—Production of bromine by direct 
oxidation of the bromine content of sea 
water was initiated by Deritvados del Etilo 
S.A. at its new 1,000-ton-per-year operation 


at Villaricos (Almeria). Bromine produced 
at this operation was transported to the 
company's plant at Lissu de Vall, Barce- 
lona, for use in the manufacture of fumi- 
gants, fire extinguishing agents, and flame 
retardant resins.4 

United Kingdom.—Berk Ltd. announced 
plans for a bromine compounds plant at 
its main works in London to supplement 
the output of bromine products at its St. 


2 Oil, Paint and Drug Reporter. Great Lakes 


Chemical, CFK Sign a Bromine Data Accord. V. 
196, No. 24, Dec. 15, 1969, p. 5. 

3 U.S. Embassy, Tokyo, Japan. State Depart- 
ment Airgram A-414, Apr. 14, 1970. 

4 European Chemical News (London). Spain 
Doubles Bromine Capacity. V. 15, No. 374, Apr. 
4, 1969, p. 4. 
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Albans operation. The new plant was 
scheduled for completion in mid-1970 at a 
total cost of £200,000. Bromine extracted 
from sea water will be supplied to the 
new plant under contract by Associated 
Octel. About 75 percent of the output will 
be used in flame retardants, consisting of 
the company's Flammex brand which it has 
marketed for a number of years and Fire- 
master flame retardants, produced under 
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license from Michigan Chemical Corp. and 
marketed in the United Kingdom under 
the Flammex label.5 

Lunevale Products Co., Lancaster, was 
purchased by Great Lakes Chemical Corp. 
and will be operated as a wholly owned 
subsidiary of the latter. Purchase of the 
company will enable Great Lakes to serve 
most of the world with bromine products 
and other intermediates.é 


TECHNOLOGY 


A major chemical company began pro- 
ducing flame retardant unsaturated poly- 
esters containing bromine for use in various 
resins with a large number of commercial 
applications. Reportedly, these polyesters 
are more fire resistant than those contain- 
ing chlorine, as well as being competitively 
priced. The company also claims to have 
alleviated problems relating to lack of 
strength and wearability which have pre- 
viously plagued bromine-based polyesters.‘ 

A method of testing the relative sound- 
ness of aluminum and magnesium diecast- 
ings by submerging them in certain halo- 
genated compounds was discussed. The 
compounds mentioned included tetrabro- 
moethane, tribromoethane, methylene bro- 
mide, and ethylene dibromide.8 

Much discussion has been raised concern- 
ing the possible relationship of leaded gaso- 
line to the problem of air pollution. Ethyl 
Corp. has designed a series of engine im- 
provements which reportedly will permit 
the use of leaded gasoline and substantially 
reduce the emission of nitrogen oxides, 
carbon monoxide, and hydrocarbons.? 

The New Mexico State Bureau of Mines 
and Mineral Resources investigated the 
bromine content of halite and sylvite from 
the Saldo Formation in the Carlsbad potash 
district, southeastern New Mexico. Bro- 
mine content of the halite ranged from 25 
to 105 parts per million, and that for 


sylvite ranged from 337 to 865 parts per 
million.10 

Brines from 51 wells operated near Mid- 
land, Mich., by The Dow Chemical Co. 
were analyzed for several chemical compo- 
nents including bromine. The results were 
examined for trends and relationships 
among the various ions.11 

A Canadian patent was granted in De- 
cember 1969 for the use of lithium bromide 
in a synthetic polyamide composition to 
prevent the formation of voids when spun 
into large-diameter monofilms. This process 
was patented in the United States in 
1967.12 


5 Chemical Age. Interest in Bromine Based 
Flame Retardants. V. 99, No. 2621, Oct. 10, 1969, 
pp. 15, 20. 

$ Chemical Age. Great Lakes Chemical Acquire 
U K Lunevale As Bromine ‘Springboard’. V. 99, 
No. 2625, Nov. 7, 1969, p. 8. 

7 Chemical Engineering. Fire-Retardant Unsat- 
urated Polyesters Based on Bromine, Not Chlo- 
rine. V. 76, No. 6, Feb. 24, 1969, pp. 37-38. 

8 Foundry. Flotation Inspection of Aluminum 
and Magnesium Castings. V. 98, No. 2, Feb. 1970, 
pp. 136-137. 

9 Ethyl Corp. 1969 Report of Growth and Earn- 
ings, 28 pp. 

1? Adams, Samuel S. Bromine in the Saldo For- 
mation, Carlsbad Potash District, New Mexico. New 
Mexico Bureau of Mines and Mineral Resources, 
Bull. 93, 1969, 122 pp. 

11 Environmental Science and Technology. Vari- 
ation in the Composition of Brine From the 
Sylvania Formation Near Midland, Mich. V. 4, 
No. 4, April 1969, pp. 367-370. 

1 Hansen, J. E. (assigned to E. I. du Pont de 
Nemours & Co., Inc.). Use of Lithium Bromide 
or Lithium Iodide in a Synthetic Polyamide Com- 
position. Canadian Pat. 829,974, Dec. 16, 1969. 


Cadmium 


By Donald E. Moulds ! 


The domestic demand for cadmium 
surged upward to a record level with an 
apparent consumption of more than 15 
million pounds in 1969. Despite a record 
production, a 15-percent gain in shipments 
by domestic producers, and a 2.76-million- 
pound shipment from Government stocks, 
cadmium supplies were exceedingly tight 
until late in the fourth quarter. The rise 
in the domestic price initiated at the start 
of the year and continuing in four steps, 
ending on December 1 at $4.00 per pound, 
paralleled the upward trend in foreign 
market price. In 1969, as in 1964 when a 
like market situation existed, metal im- 
ports approximated exports. Total stocks 
of cadmium metal-producers', manufactur- 
ers', and distributors'—reached a low point 
in the first quarter and then trended up- 
ward to close the year substantially above 
stocks at the end of 1968. Producer stocks 
significantly improved in the fourth quar- 
ter as producer shipments dropped below 
production for the first time since the sec- 
ond quarter of 1968, and, as the balance of 
trade reversed to provide a net import of 
210,000 pounds in contrast to the net ex- 
port of 217,000 pounds in the prior three 
quarters. 

Legislation and Government Programs. 
—The sale of 5 million pounds of Govern- 
ment surplus cadmium stocks under autho- 
rization of Public Law 88-319 enacted in 
1964 was completed in the fourth quarter of 
1969. The quantity remaining in the autho- 
rization as of December 31, 1968, was 
2,635,792 pounds. Sale of the maximum 
quarterly amount of 600,000 pounds in the 
first quarter was completed by January 8, 
and the second quarter offering was quickly 
committed in April. An additional 600,000 


pounds was released and awarded on June 
6, with awards approximating 53 percent 
of the quantity sought by purchasers. The 
third quarter offering of 600,000 pounds 
was also oversubscribed, with awards in 
July approximating 18 percent of the total 
quantity in offers to purchase. The sale of 
2.4 million pounds in the first three quar- 
ters thus left about 240,000 pounds for sale 
in the fourth quarter which was sold in 
October exclusively to producers, distribu- 
tors, and consumers holding unsatisfied de- 
fense-rated orders. The Government price 
at storage depots continued at 12 cents per 
pound below the domestic quoted price at 
time of sale to compensate for conversion 
of stockpile material into balls and anodes 
for electroplating. 

Government cadmium stocks as of De- 
cember 31, 1969, totaled 10,186,116 pounds, 
indicating a drawdown of 2,755,471 pounds 
during the year. Acquisition cost of the 
yearend inventory was $18.3 million at an 
average of $1.79 per pound, whereas at 
current market value ($4.00 per pound) 
the inventory was worth $40.7 million. 

The Office of Emergency Preparedness 
reexamined the stockpile objective during 
the year and revised the objective upward 
in May 1969, from 5.1 million pounds to 6 
million pounds. 

Legislation was introduced in October to 
authorize release of 4,180,000 pounds of 
cadmium, essentially all of the surplus re- 
maining under the revised objective. The 
legislation was approved by the House of 
Representatives in late December and was 
awaiting Senate action at yearend. 


1 Physical scientist, Division of Nonferrous 
fetals. 
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DOMESTIC PRODUCTION 


Domestic production of cadmium, unin- 
terrupted during the year, achieved a rec- 
ord total of 12.6 million pounds, a 19- 
percent increase compared with 1968. 
Producer shipments exceeded production 
by 332,000 pounds as stocks were severely 
reduced in the second quarter. Value of 
the shipments reached $40.6 million, a 43- 
percent increase compared with 1968. 

Imported flue dust from Mexico con- 
tained 1.11 million pounds of cadmium for 
domestic recovery and refining. The cad- 
mium in imported flue dust represented 


about 9 percent of total domestic output 
in comparison to 15 percent in 1968. The 
increased ratio of foreign zinc ores to do- 
mestic ores processed from which cadmium 
is obtained as a byproduct indicates a sig- 
nificantly higher foreign source component 
of domestic smelter output in 1969. Of the 
10.8 million pounds of cadmium produced 
at zinc plants from the processing of zinc 
ore and other intermediate domestic 
smelter products, about 4 million pounds 
came from electrolytic plants and the re- 


Table 1.—Salient cadmium statistics 
(Thousand pounds) 


1965 1966 1967 1968 1969 

United States: 
Production 1.__ 2... 9,671 10,460 8,699 10,651 12,646 
Shipments by producers 2 8,128 11,792 9,606 11,244 12,978 
Valurre thousands $19,153 $26,771 $24,665 $28 , 409 $40,636 
EXDOLS.. ee Ern 73 37 691 530 1,085 
Imports for consumption, metall 2,121 3,358 1,587 1,927 1,078 
Consumpton. ___. 10,431 14,780 r 11,578 13,328 15,088 
Price: Average? per pound $2.58 $2.42 $2.64 $2.65 $3.27 
World: Production 26,228 28,643 29,069 32,354 37,587 

r Revised. 


Primary and secondary cadmium metal. Ineludes equivalent metal content of cadmium sponge used di- 


rectly in production of compounds. 
? Includes metal consumed at producer plants. 


3 Average quoted price for cadmium sticks and bars in lots of 1 to 5 tons. 


Table 2.—Cadmium sulfide 1 produced 
in the United States 
(Thousand pounds) 


Sulfide ? 
Year 

Gross Cadmium 

weight content 
1965: nones luam usen 4,666 1,575 
1966 a kamus 5,644 2,267 
MOG 1 82 bee 8 4,327 1,536 
1968 ee 8 6,003 2,457 
1969.55: ne anA 6,345 2,439 


! Cadmium oxide withheld to avoid disclosing in- 
dividual company confidential data. 

? Includes cadmium lithopone and cadmium sulfo- 
selenide. 


mainder from retort and electrothermic 
plants. Imports of cadmium waste and 
scrap from the United Kingdom, Japan, 
and Canada also provided a small amount 
of secondary output. 

The cadmium metal content of various 
compounds produced—sulfide, lithopone, 
sulfoselenide—amounted to 2.44 million 
pounds, slightly below the 1968 record 
level of 2.46 million pounds. American 
Smelting and Refining Company, Blackwell 
Zinc Co., and Harshaw Chemical Co. pro- 
duced cadmium oxide. 


CONSUMPTION AND USES 


consumption of cadmium— 
production, imports, Government ship- 
ments, exports, and known stock 
changes—was 15.09 million pounds of 
which 81.7 percent was from commercial 
sources and 18.3 percent from Government 
stocks. The total disappearance of cad- 


Apparent 


mium metal in 1969 was 13 percent above 
the 1968 figure and well above the pre- 
vious record of 14.78 million in 1966. 

The Bureau of Mines does not sponsor 
an annual cadmium consumption survey. 
and data collected in 1960 and 1963 did 
not provide satisfactory information from 
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Figure 1.— Trends in production, consumption, yearend stocks, imports, exports, and 
average price of cadmium metal in the United States. 


the large number of small individual con- 
sumers relying on various sources of sup- 
ply. The National Materials Advisory 
Board of the National Research Council 
examined the trends in consumption of 
cadmium and published a report in No- 
vember 1969.2 

Electroplating, the largest single use of 
cadmium, is estimated to require about 50 


percent of domestic supply, although rang- 
ing from 45 to as high as 60 percent de- 
pending on availability and price. The rel- 
ative ease and universal acceptability of 
cadmium plating has provided a continu- 


2 National Materials Advisory Board, National 
Research Council. Trends in Usage of Cadmium. 
November 1969, 26 pp. (Publication AD—700-744, 
Clearinghouse for Federal Scientific and Techni- 
cal Information, Springfield, Va. 22151). 
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ing high demand level even though tech- 
nological improvements in zinc plating and 
strong economical appeal of zinc are re- 
ducing the growth of cadmium usage in 
this field. 

Cadmium compounds manufactured 
from metal comprise the second largest 
area of consumption, estimated at about 45 
percent of total supply. In the compound 
area, consumption is approximately equally 
divided between pigments and thermoplas- 
tic stabilizers. The cadmium sulfide-base 
pigments cover a wide variation of yellow- 
red color and have a wide commercial ap- 
plication in plastics, paints, enamels, and 
printing inks. Polyvinyl chloride requires 
stabilization during processing and to pre- 
vent degradation by exposure to sunlight 
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while in use. Cadmium salts in combina- 
tion with barium salts and various acids 
have found wide economic acceptance in 
this use area. Cadmium oxide as the nega- 
tive electrode of a nickel-cadmium battery 
and cadmium phosphorus in television 
tubes and fluorescent tubes are other sig- 
nificant compound applications. 
Metallurgical applications of cadmium 
include use on a constituent of low-melt- 
ing alloys, as a component of silver-cad- 
mium and  silver-copper-cadmium-nickel 
electrical contacts in switches and relays, in 
silver-base brazing alloys, and in copper- 
base alloys. Metallurgical uses are esti- 
mated to approximate 5 percent of total 


supply. 


STOCKS 


Total industry stocks of metal amount- 
ing to 1.1 million pounds at the start of 
the year were substantially reduced in the 
first 3 months of the year. In the second 
quarter stocks at compound producers im- 
proved while metal producers' and distrib- 
utors stocks continued downward. Im- 
provement was evident in all stocks in the 


third quarter and especially at compound 
producers. The fourth quarter improve- 
ment at metal producers and distributors 
was countered, in part, by a stock draw- 
down at compound producers. The year- 
end stock of 1.4 million pounds was well 
below the 2.15-million-pound average for 
1964-68. 


Table 3.—Industry stocks, December 31 


(Thousand pounds) 
1968 1969 

Cadmium Cadmium in Cadmium Cadmium in 

metal compounds metal compounds 
Metal producers 623 W 708 W 
Compound manufacturers: 232 679 492 781 
Distributors 1 244 r 69 206 44 
C AA soc 2. r 1,099 r 748 1,406 825 

r Revised. W Withheld to avoid disclosing individual company confidential data; included with “Com- 


pound manufacturers." 


PRICES 


Record demand for cadmium was re- 
flected by the advance in producer price 
from $2.65 per pound, (effective January 
13, 1967) in four steps; January 2, to 
$2.80; March 3, to $3.00; June 16, to $3.50; 
and December 1, to $4.00. The sale price 
of stockpile metal for each quarterly offer- 
ing was at the commercial quoted price at 
time sf sale less 12 cents per pound to 
compensate for purchaser's cost of conver- 
sion to shapes and quality desired for use 
in electroplating. The free market price 


for cadmium was well above the producer 
price throughout the year, being quoted at 
$4.00 per pound in early June and at $4.60 
to $4.75 per pound early in December. 
The foreign price for cadmium trended 
upward throughout the year. The French 
price advanced in six steps from $2.91 per 
pound (U.S. equivalent) in January to 
$4.99 per pound in the last half of Decem- 
ber. The Italian price ranged from $3.00 
per pound to $4.20 per pound. The Lon- 
don price for domestically produced cad- 
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mium, in contrast to imported cadmium 
quetations, advanced essentially in parallel 
with the U.S. price from $2.63 per pound 
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in January to $3.94 per pound effective 
December 5. 


Table 4.—Prices quoted for cadmium in the United States 1969 


(Per pound) 
Producer to consumer GSA 

1-ton lots Less than 1-ton lots Less than 

1-ton lots 1-ton lots 
January Lo uc l u ex EE $2.80 $2.85 $2.68 $2.73 
March 3. 8.00 3.0 2.88 2.98 
SUE AAA $8 .00-8 . 50 $3.05-3.55 8.38 8.43 
July T ur ul i ee ee us 8.50 8.55 8.38 8.43 
Des. 1 to Dec. 31............. 4.00 4.05 st "unn 

FOREIGN TRADE 


The worldwide demand and favorable 
foreign market for cadmium was reflected 
in the 105-percent increase in exports and 
44-percent decrease in imports. The result- 
ing net exporter status of the United 
States was last recorded in 1964 when ex- 
ports reached 1.4 million pounds in rela- 
tion to imports of 1.1 million pounds. 
Shipments to foreign countries reached a 
peak of 404,000 pounds in the second 
quarter and a low of 139,000 in the fourth 
quarter. The Netherlands received almost 
50 percent; United Kingdom, 19 percent; 
France, 13 percent; West Germany, 3 per- 
cent, and Canada, 3 percent. The remain- 
ing 12 percent was divided among 12 
countries. 


Table 5.—U.S. exports of cadmium metal 
and cadmium in alloys, dross, flue dust, 
residues, and scrap 


(Thousand pounds and thousand dollars) 


Year Quantity Value 
193) 8 691 $1,669 
E Ee 530 1,400 
1969 EE 1,085 8,254 


Cadmium metal was imported from nine 
countries, Canada was again the leading 
source with 37 percent, followed by Aus- 
tralia 17 percent, Peru 16 percent, and 
Japan 14 percent. Imports of cadmium in 
flue dust from Mexico were well below 
both the 1968 total and the 1.35-million- 
pound average for 1964—68. 


Table 6.—U.S. imports 1 of cadmium metal and cadmium in flue dust, by countries 
(Thousand pounds and thousand dollars) 


1968 1969 
Country 
Quantity Value Quantity Value 
Cadmium metal: 

Eeer T 11 $20. — — — iive mics 
Australia. -------------------------- 297 686 186 $429 

Belgium-Luxembourg. ...............- 11 27 1 
Canada. arase ĩ¾ĩ aeea 508 1, 309 398 1.290 
Congo (Kinshasa) . 11 260. hh ‘weruee 
Sf ³ secu uu eel Saws 8 19. —— — AL S 
Germany, Wes se OOO ^^ ^ ^ 222-2 43 169 
Ae EE 668 1,555 148 474 
/ aie m ũms cua Ra 152 359 48 188 
CPU x E EEE 212 477 178 889 
Poland and Danzig 9 JJ 
South Africa, Repüblic . 40 97 72 211 
United Kingdom..................... ² ----- 14 18 
I ³A¹Ü¹ͤ u K eid Me: 1,927 4,602 1,078 8,166 

Flue dust (cadmium content): 

Meese a a 1,605 1,796 1,115 1,495 
Grand total... ................-...- 8,532 6,398 2,193 4,661 


! In 1969, general imports and imports for consumption were the same; in 1968, 
pounds ($4, 587,000), and imports for consumption 1,927,000 pounds ($4,60 


flected in Japan. 


139005 imports were 1,920,000 
000), the difference was re- 
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The import duty on cadmium metal was 
reduced from 3 cents per pound to 2 cents 
per pound effcctive January 1, 1969, in ac- 
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cord with the “Kennedy round” trade 
agreements. Import of flue dust continued 
duty free. 


WORLD REVIEW 


World cadmium production during 
1965-69 grew 10 percent annually. The in- 
crease in 1969 was especially evident in 
North America and in the major zinc con- 
centrate importing countries of West Ger- 
many and Japan. Many of the major 
zinc-producing areas with large exports of 
concentrate are credited only with cad- 
mium produced at indigenous smelters, 
and the importing country is credited with 
the cadmium recovered. For example in 
1969 Peru produced 371,000 pounds as 


metal and exported 365.000 pounds in zinc 
concentrates to various countries. Mexico 
likewise produced 462,000 pounds as metal 
and exported 3,019,000 pounds in zinc con- 
centrates and flue dust for refining. The 
free world production of cadmium in 
terms of slab zinc output averaged 7.03 
pounds per ton of slab zinc in comparison 
to 6.66 pounds achieved in 1968, indicating 
the increased attention to recovery of this 
byproduct under current market incentives. 

Apparent consumption of cadmium in 


Table 7.—World smelter production of cadmium, by countries 1 2 
(Thousand pounds) 


Country 1965 1966 1967 1968 1969 » 
North America: 
Canada 948 1,704 2,058 2,078 2,100 
Mexico 152 243 370 446 462 
United States 33. 9,671 10, 460 8,699 10,651 12,646 
South America: Peru 47 442 332 378 97 
Europe 
Té d l ul nuuc 46 47 42 43 3 42 
Belgium 1,620 1,282 1,446 1,898 e 1,874 
France...............- 944 8 1,098 1,226 e 1,213 
Germany, West 723 785 880 754 1,746 
I!!!! é 602 540 481 551 e 529 
Netherlands ac. 198 220 236 220 220 
Norway e 172 159 185 192 e 198 
Poland e...............- 970 948 915 915 925 
Spain... A EE 137 132 148 154 176 
U.S S.R: 6 L ¿uuu ce 4,189 4,519 4,850 4,850 5,070 
United Kingdom __ ___ 485 460 456 518 
Yugoslavia e 39. 90 90 330 331 330 
Africa: 
Congo (Kinshasa) 278 329 580 705 1,316 
South-West Africa $t... 73 291 366 370 e 375 
Zambia 40 27 22 25 e 26 
Asia 
JADEN 2222 Sl u S 3,262 3,872 4,186 4,839 6,096 
Korea, North . 230 231 230 
Oceania: Australia 1,155 1,160 1,155 1,040 1,124 
Totals... r 26,228 r 28,643 r 29,069 32,354 87,587 
e Estimate. p Preliminary. r Revis 


ed. 
1 Data derived in part from bulletins of World Metal Statistics (London) and annual issues of Metal Statis- 


tics (Metallgesellschaft). 


2 No estimates included for Bulgaria and East Germany due to lack of information. 


3 Including secondary. 


* Output of Tsumeb Corp. Ltd., for fiscal years ending June 30. 


s Total is of listed figures only. 


the United States in 1969 was equivalent 
to 40 percent of the world production in 
comparison to 41 percent in 1968. The 
large shipment from Government stocks 
however, reduced the United States re- 
quirements from current world production 
from 39 percent in 1968 to 33 percent in 
1969. 


A source of cadmium on which data are 
not available, is mainland China, long 
known as a metal supplier with some 
Western trade via offerings at the semian- 
nual Canton Fair. In 1969, however, 
Chinese Minerals and Metals Trade Corp. 
was reported to have purchased 25 tons of 
cadmium from a West German merchant. 


Calcium and Calcium Compounds 


By Arnold M. Lansche' 


Production of natural and synthetic solid 
forms of calcium chloride decreased about 
3 percent in 1969, whereas output of the 
brine and calcium- magnesium chloride 
brine increased approximately 7 percent. 
Most of the output of calcium chloride 


and calcium-magnesium chloride came from 
naturally occurring deposits in Michigan. 
California produced a small quantity. Im- 
ports of calcium metal rose sharply, but 
calcium chloride imports were down. 


DOMESTIC PRODUCTION 


Chas. Pfizer and Co., Canaan, Conn, 
produced calcium metal in 1969. Produc- 
tion of all forms of natural and synthetic 
(byproduct of Solvay process) solid cal- 
cium chloride, calcium chloride brine, and 
calcium-magnesium chloride brine, exclud- 
ing that used to produce granular forms, 
was as follows, in short tons: 


Ca Cb, solid 

and flake, CaCle 

75 percent and Ca, MgCl» 

chlorine brine, 40 percent 

Year equivalent chloride 
1988055 ` 710,000 509,500 
1968 .....-.-- 162,000 566,000 
1969 ......-- 738,000 603,000 


Producers of natural calcium chloride 
brine, calcium-chloride-bearing brines, and 
synthetic calcium-chloride brine produced 


as a byproduct of soda ash manufacture 
were as follows: 


Natural Compounds 


Amboy, Calif. 


America -_.. cee. Do. 


Michigan Chemical Corp ------ St. 1 8 
1c ° 
Wilkinson Chemical Corp Mayville, 
. Mich. 
Morton Chemical Co., Div of 
Morton-Norwich, Ine Manistee, 
Mich. 
The Dow Chemical Co. Ludington and 
Midland, 
Mich. 
Wyandotte Chemicals Corp ---- Wyandotte, 
Mich. 
Synthetic Compounds 


Industrial Chemicals Division, 


Allied Chemical Corp. Syracuse, N.Y. 


PPG Industries, Ine 555 
io 
Hooker Chemical Corp Tacoma, 
Wash 
Reichhold Chemicals, Ine Do. 


Production of all forms of natural cal- 
cium and calcium magnesium chlorides 
(solid, flake, and liquid), calculated as 
75 percent chloride equivalent, averaged 
617,000 tons annually for the period 1965- 
69. The average annual value for the 


period was $12.8 million ($20.82 per ton). 


CONSUMPTION AND USES 


Calcium metal and calcium alloys were 
added to molten metals to remove oxygen, 
halogens, sulfur, and phosphorus. Calcium 
also was used as a reducing agent and de- 
hydrating agent in organic chemistry, to 
remove sulfur from some hydrocarbons, 
and to separate nitrogen from argon. Cal- 


cium hydride, a manufactured compound, 
was utilized as a source of hydrogen. 
Organocalium compounds were used in 
lubricants, corrosion inhibitors, detergents, 
etc. 


* Physical scientist, Bureau of Mines, Bartles- 
ville, Okla. 
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Calcium chloride and mixtures of cal-  cluded dust control, concrete treatment, 
cium chloride and sodium chloride were synthetic rubber, paper, oilfield drilling, 
used for highway deicing; other uses in- brine refrigeration, and tireweighting. 


PRICES AND SPECIFICATIONS 


Calcium metal prices remained un- granulated U.S.P. variety, which remained 
changed during 1969. Price quotations for unchanged. 
calcium chloride increased except for the 


Table 1.—Price quotations for calcium metal in 1969: 


^ (Per pound) 


Less than 100 to 2,000 to 6,000 
100 1,999 5,999 pounds 
pounds pounds pounds ? and over 
Commercial grade: 
Full eres ood eed bce ech DERWE ETE $2.00 $1.25 $0.95 SE 
Broken crowns (5-inch and down) 2.10 1.50 1.05 DEEN 
6-mesh oodules .---------------------------- 2.50 1.70 1.15 o 
TUrHingsi....- ec uu 3.00 2.80 2.50 MN 
Ingots or waffle s 2.80 1.70 1.30 PEE 
HO percent Ca-20 percent Mg (ingots or waffles) -_ 2.80 1.30 1.30 ect 
Redistilled grade: 
Broken crowns (8-inch and down)........... "m 8.75 2.60 1.70 $1.50 
6—mesh nodul es 4. 00 2. 80 1. 80 1. 60 
inch nodules. ........ NOE OMNE EEN 5.00 3.80 2.50 2.50 


1 Prices are f.o.b. Canaan, Conn. 

22,000 pounds and over for commercial grade. 

3 Calcium produced in the aluminothermic reduction process forms a crown, which is a cylindrical deposit 
of crystalline calcium conforming in shape to the interior of the vacuum retort. 


Table 2.—Price quotations for calcium 
chloride in 1969 


Jan. Dec. 
Grade 6 29 

Concentrated flake or pellet 94-97 

percent 1 .---- per short ton.. $46.50 $48.25 
Concentrated flake, 77-80 

percent 1____ sce cos do.... 38.00 39.50 
Powdered, 77 percent 

minimum !............. do. 43.23 46.00 
Liquor, 40 percent 2 do.... 15.50 16.00 


Granulated U.S. P. . per pound 29 Ka 


! Paper bags, carlots at works, freight equalized. 
2 Tank cars, freight equalized. 
3 225-pound drums, freight equalized. 


Source: Oil, Paint and Drug Reporter. V. 195,No. 
1, Jan. 6, 1969; v. 196 No. 26, Dec. 29, 1969. 


CALCIUM AND CALCIUM COMPOUNDS 
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FOREIGN TRADE 


The quantity of calcium metal imported 
increased 158 percent over that of 1968. 
The average value of imported metal in 
1969 was about 87 cents per pound. Canada 
supplied all of the imported calcium metal. 


Calcium chloride imports decreased 34 
percent in quantity and 33 percent in 
value. Canada supplied 11.5 million 
pounds; Belgium-Luxembourg, 4.8 million 
pounds; West Germany, 1.4 million 
pounds; and the United Kingdom, 1.3 
million pounds. 


In 1969, other calcium compounds im- 
ported included 48.6 million pounds of 
crude calcium borate valued at $717,550 
from Turkey: 35.8 million pounds of cal- 
cium carbide valued at 51.2 million and 
32.4 million pounds of calcium cyanide 
valued at 51.3 million from Canada; 29.1 


million pounds of dicalcium phosphate 
valued at $610,000 from Belgium- Luxem- 
bourg, Canada, and West Germany; and 
4.3 million pounds of calcium carbonate 
valued at $170,000 from the United King- 
dom, Japan, Norway, Sweden, and West 
Germany. Smaller quantities of other cal- 
cium compounds, such as the acetate, hy- 
pochlorite, and tungstate, were also im- 
ported. 


Table 3.—U.S. imports for consumption 
of calcium and calcium chloride 


Calcium Calcium chloride 
Year — — 
Short 
Pounds Value tons Value 
19677. 423,631 3370, 407 4,385 $157,570 
1968 137,251 120,416 14,069 522, 680 
1969. 354,370 807,487 9,226 349,998 


WORLD REVIEW 


Spain.—Solvay et Cie. planned to expand 
the flake calcium chloride plant at its 
Torrelavega factory. 


Switzerland.—Construction of a 30,000- 
ton-per-year capacity plant for produc- 
tion of calcium chloride was planned for 
the Zarzach works of Soudiére Suisse, a 
subsidiary of Solvay et Cie. 


Digitized by Gooqle 


Carbon Black 


By Carl W. Kelley 


Shipments of carbon black increased 4.3 
percent in 1969, a leveling off from the 
1968 reinvigorated demand which followed 
resumption of work after strikes at rubber 
plants. Carbon black production rose to a 
new peak. 

Use of carbon black by the rubber 
industry outweighed by far all other uses. 
In 1969, 94 percent of the carbon black 
shipments were used in rubber products, 
with 60 percent of that volume used by 
tire manufacturers. Almost nine out of 
every 10 tires produced are used on pas- 
senger cars, and in 1969 passenger car tire 
production totaled 180,616,000, approxi- 
mately a 2-percent increase over the 
177,408,000 tires produced in 1968. 

According to preliminary reports, the 
carbon black industry operated at 81 per- 
cent of capacity in 1969. Over the past 5 
years, daily capacity has risen from 
8,040,300 pounds to 10,038,639 pounds, a 
net increase of 24.9 percent. 

Yearend inventories were lower than 
those of a year earlier as channel black 
shipments exceeded production by 14.4 
million pounds. Although overall produc- 
tion of carbon black in 1969 topped that 
of the preceding year by more than 151 
million pounds, channel black output 


dropped 10.5 million pounds, thus contin- 
uing a downward trend that began in the 
late 1940s. 

The average value of carbon black at 
the plant in 1969 was 7.26 cents per 
pound, a decrease of 0.06 cent from 1968 
levels. 

The volume of natural gas used for 
manufacturing carbon black continued to 
decline in 1969. The use of natural gas in 
carbon black manufacture was lower in 
Louisiana, Texas, and the other States. 
Cost of natural gas increased in Louisiana, 
Texas, and the other States as indicated in 
table 5. | 

The amount of liquid hydrocarbons. 
needed to produce furnace blacks in 1969 
was higher by 40 million gallons or 8 per- 
cent. 

Further improvement in carbon black 
yields was noted in 1969. Each 1,000 cubic 
feet of natural gas consumed yielded on 
the average 6.28 pounds of carbon black as 
compared with 5.79 pounds per thousand 
cubic feet in 1968. The yields of carbon 
black from liquid hydrocarbons, as shown 
in table 6, were 4.78 pounds per gallon in 
1969 as compared with 4.86 in the preced- 
ing year. | 


1Chemist, Division of Fossil Fuels. 


Table 1.—Salient statistics of carbon black produced from natural gas and 
liquid hydrocarbons in the United States 
(Thousand pounds) 


1965 1966 1967 1968 1969 

Production: 
Channel process 147,909 153,117 149,420 142,948 182,471 
Furnace procegg. 2,205,867 2,418,435 2,884,420 2,668,858 2,830,790 
Total occu dL lasu. upon. tios LL 2,953,776 2,571,552 2,488,840 2,811,806 2,963,261 

Shipment: 
Domestic sales 2,072,500 2,277,595 2,216,145 2,588,402 2,777,949 
Dee ß eee 274, 608 297,281 286,035 263,122 96,2083 
r AAA 2,847,108 2,574,876 2,452,180 72,851,524 2,974,152 
Ll EE 135 1,236 559 859 5,259 
RAS of producers, December 314 2837 , 704 233 ,145 264, 247 224,170 208,020 
alue: 

Production thousand dollars.. $166,111 $184,308 $178,158 $205,849 $215,120 
Average per pound.............. cents. 7. 06 7.17 7.17 7.32 7. 26 

r Revised. 
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Figure 1.—Production by States, shipments by use, and exports, and stocks 
of carbon black. 


PRODUCTION AND CAPACITY 


Production by States.—Production of 
carbon black totaled 2,963.2 million 
pounds, an increase of 151 million or 5 
percent above the levels of 1968. Texas 
produced almost half of the total and 
Louisiana supplied about 35 percent of the 
total. Over the past 5 years (1965-70) 
Louisiana’s share has ranged from 34.8 
percent of the total to 37.2 percent, and 
Texas remained at about 50 percent over 
the same period. Output in the carbon 
black producing States of Arkansas, Kansas, 
New Mexico, and Oklahoma; in the aggre- 
gate has varied over the past 5 years from 
12.6 percent of the total to 16 percent. 

Production by Grades and Types.—Al- 
though carbon blacks are produced by 
both channel and the furnace process, the 
latter accounted for 96 percent of the 1969 
total. There are seven major grades of 


carbon blacks produced by the furnace 
process, plus thermal blacks. In the fur- 
nace category, High  Abrasion Furnace 
(HAF) grade, constituted the largest single 
item produced in 1969 and accounted for 
27 percent of total furnace blacks. During 
the past decade the output of the HAF 
grade has varied from a low of 25 percent 
of furnace blacks produced to a high of 32 
percent. Production of furnace black, 
excluding thermal, increased from 1,933 
million pounds to 2,505 million pounds 
between 1965 and 1970. HAF increased 
from 595 million pounds annually in 1965 
to 760 million pounds in 1969, a difference 
of nearly 28 percent. Second in importance 
today is the Intermediate Abrasion Furnace 
(ISAF) grade, which supplied 22 percent 
of the furnace black. Over the same inter- 
val of 1965-69, output of ISAF grade 


CARBON BLACK 


increased from 504 million pounds to 616 
million pounds or 22 percent. Trends in the 
production of blacks by grades are 
included in table 3. 

Production of channel process carbon 
black aggregated 132.5 million pounds or 
7.3 percent less than in 1968. Channel 
blacks are used in inks, pigments, and in 
mechanical goods, in natural rubber off- 
the-road tires, in other types of truck tires 
and many other nontire applications. 

Number and Capacity of Plants.—Ex- 
pansion of capacities at existing facilities 
in 1969 were primarily responsible for the 
increase in daily output of nearly 897,000 
pounds or 9.8 percent, as indicated in 
table 4. Facilities in Louisiana enlarged 
. their output potential some 385,000 pounds 
or 12 percent to 3,568,055 pounds daily. 
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Although individual totals cannot be 
revealed because of company confidential- 
ity the capacity of the plants consolidated 
under "Other States" increased 517,000 
pounds per day or 37 percent. 

Materials Used and Yields.—In 1969, a 
total of 524.4 million gallons of liquid 
hydrocarbons were consumed in the manu- 
facture of 2,507.4 million pounds of carbon 
black. This amount was 40 million gallons 
greater than that consumed in 1968. Yields 
in 1969 averaged 4.78 pounds per gallon 
compared with 4.86 pounds in the preced- 
ing year. Yields improved for natural gas. 
In 1969, while the amount of gas used was 
nearly 7 billion cubic feet smaller than in 
1968, yields of black were greater; 6.28 
pounds compared with 5.79 pounds in 
1968. 


CONSUMPTION AND USES 


In 1969, domestic sales of carbon black 
increased by 190 million pounds or 7.32 
percent. Exports dropped 25.4 percent 
below the 1968 levels. Domestic sales to 
the rubber industry, which accounted for 
94.2 percent of all the carbon black 
shipped, were higher by 171 million 
pounds or 7.0 percent. 

Sales gains were made also in the blacks 
used in ink manufacture, rising nearly 8 
percent to 73 million pounds. Manufactur- 
ers used both the furnace blacks and the 
channel blacks in their operations. The oil 
furnace type known as “Short-Ink” was 
used in the manufacture of inks for print- 
ing newspapers. Blacks produced by the 
channel process known as "Long-Ink" were 


used in lithographic or halftone printing 
inks. 

The plastics industry expanded its use of 
carbon black by about 23 percent in 1969. 

Carbon black sales to the paper industry 
had been declining since 1963, and reached 
a low of 4.7 million pounds in 1968 but 
rallied to 5.7 million pounds in 1969, a 
gain of 20 percent. Since 1963, sales to the 
paper industry have declined 36 percent. 
Some of this decline can be attributed to 
technological developments in the paper 
industry coupled with the development of 
new products lowering the use of carbon 
black. Stil] another consideration, however, 
is the change in consumer preference 
from somber tones to brighter colors. 


STOCKS 


Inventories of carbon black were reduced 
16 million pounds in 1969 with a decline 
of 14 million pounds in channel black and 
2 million pounds in the furnace-type 
blacks. The reduction in channel black 
stocks reduced the level of that type by 
almost 44 percent. Stocks of the HAF type 


declined 6.9 million pounds; GPF and 
thermal types increased 5.3 and 5.0 million 
pounds, respectively. The SRF and the 
HMF types, which are furnace blacks gen- 
erally produced from gas, declined 5.6 mil- 
lion pounds. 


FOREIGN TRADE 


Foreign countries have been gradually 
becoming more self-sufficient in carbon 
black, and a very impressive part of this 
growth represented expansion programs of 


U.S. carbon black manufacturers and their 
affiliates as well as investments by foreign 
companies. This has taken place in spite 
of the rising demand for rubber products 
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and tires, leading to the increase in 
demand for carbon black. In 1969, exports 
fell to 196,208,000 pounds or 25.4 percent 


below those of the preceding year. 
However, 29 percent of exports were 
blacks made by the channel process, 
slightly higher than the 27 percent 


exported in 1968. Some channel black is 
made in West Germany and in Japan but 
output is insufficient to satisfy demand. 
Europe continued to be the best cus- 
tomer accounting for 52 out of every 100 
pounds of carbon black exported. France, 
the United Kingdom, Italy, and West Ger- 
many aggregate the largest users of carbon 
black and received 38.9 percent of carbon 
black exported from the United States. In 
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the Western Hemisphere, Canada was the 
largest user of blacks from the United 
States. Other exports by countries are given 
in table 9. 

Imports of carbon blacks into the 
United States are usually limited to spe- 
cialty blacks and 1969 followed this pat- 
tern. Approximtely 6.1 million pounds of 
carbon black derived from acetylene were 
imported from Canada and another 
664,000 pounds of the same type black 
came from East Germany. Belgium- Luxem- 
bourg and West Germany supplied the 
United States a total of about 50, 000 
pounds of lamp black. West Germany also 
supplied 30,000 pounds of bone black. 


WORLD REVIEW 


Carbon black capacity is being expanded 
in Europe, Japan, Canada, Mexico and the 
Republic of South Africa to meet increas- 
ing demand by tire producers. Two carbon 
black units have recently come on stream 
in Mexico, Hungary's first carbon black 
plant is under construction, and a U.S. 
affiliate is considering building a carbon 
black plant in Portugal. 

Japanese production for 1969 was 
574, 331, 000 pounds. Its production of car- 
bon black increased 135 percent from 1964 
to 1969. in 1969, sizable gains were shown 
in France, West Germany, Spain, the Neth- 
erlands, and the United Kingdom. In- 


creased production was also indicated in 
Rumania, Yugoslavia, and Italy. 

Despite these expansions, Western 
Europe has virtually no facilities for pro- 
ducing carbon black either by the channel 
or the thermal process. Hence, the United 
States continues to be the principal source 
of supply for these blacks. 

No data are available on the magnitude 
of carbon black facilities in the Soviet 
Union. However, it is not unreasonable to 
assume that the large supplies of natural 
gas readily available in :hat nation offer 
inducement to make carbon blacks by the 
channel process. 


TECHNOLOGY 


Carbon black, a petrochemical, is an 
extremely fine soot, primarily carbon (90 
to 99 percent) and containing some 
oxygen and hydrogen; oil furnace blacks 
may also contain small amounts of sulfur. 
The furnace process, which accounts for 96 
out of every 100 pounds produced, breaks 
down into three different processes: oil 
furnace, gas furnace, and thermal. Brief 
description of the four processes, including 
the channel process, are as follows: 

Channel Black.—Made by the oldest 
process, is a product of incomplete com- 
bustion of natural gas. Small flames are 
impinged on cool surfaces or channels 
where carbon black is deposited and then 
scraped off as the channel moves back and 
forth over a scraper. The properties of 
channel blacks are varied by changes in 
burner tip design, distances from tip io 


channel, and the amount of air made avail- 
able for combustion. The process is 
extraordinarily inefficient, chemically. For 
rubber reinforcing grades, the yield is only 
5 percent; for finer particle size high color 
blacks, the yield shrinks to 1 percent. Low 
yields and rising gas prices have spurred 
the industry to develop other methods to 
make blacks. 

Gas Furnace.—This is based on partial 
combustion of natural gas in refractory- 
lined furnaces. Carbon black is removed by 
flocculation and high-voltage electric pre- 
cipitators. Yields of the gas furnace blacks 
range from 10 to 30 percent and are 
lowest for the smaller particle size grades. 
Properties of gas furnace blacks can be 
modified to a degree by changing the ratio 
of air to gas. The grades SRF, HMF, and 
FF are generally produced from gas. (The 
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full name of each grade is given in the 
footnoes to table 3.) 

Thermal.—Unlike channel and furnace 
blacks, thermal blacks are produced by 
cracking a hydrocarbon; that is, separating 
the carbon from the hydrogen and not by 
the combustion of a hydrocarbon. Thermal 
furnaces are built from a checkerboard 
brickwork pattern. Two refractory-lined 
furnaces or generators are used. One gen- 
erator is heating, using hydrogen as a fuel, 
while the other generator is being charged 
with natural gas, which decomposes to 
produce thermal black and hydrogen. The 
hydrogen is collected and used as fuel for 
the generator being heated. Yields of 
carbon black are primarily in the large 
particle sizes and range from 40 to 50 per- 
cent. 

Oil Furnace.—In this process, the liquid 
hydrocarbons are used and the blacks are 
produced in furnaces. Natural gas is gener- 
ally burned to furnish the heat of combus- 
tion and atomized oil is introduced into 
the combustion zone to be burned to var- 
ious grades of carbon black. Yields range 
from 35 percent to 65 percent depending 
on the grade of black produced. Oil fur- 
nace grades are GPF, FEF, HAF, ISAF, 
and SAF. (The full name of each grade is 
given in the footnotes to table 3.) 

A most desirable feedstock for furnace 
black plants is an oil having 0° to 4? API 
gravity, low in sulfur, and high in aromat- 
ics and olefins, which comes from near the 
"bottom of the refinery barrel" and is sim- 
ilar in many respects to residual fuel oil. 
The rising cost of natural gas has been a 
factor in the shift to a greater use of 
liquid feedstocks and a decline in the use 
of natural gas as a source of carbon. At 
the same time, it should be recognized 
that oil furnace processing has become 
very flexible. Oil furnace blacks supple- 
mented channel blacks in most high-per- 
formance applications, notably passenger 
car tire treads. Over the past two decades. 
carbon black technology has centered on 
the oil furnace black process. 
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During the latter part of 1969, a process 
was unveiled for making carbon black 
feedstock from tar produced from low-tem- 
perature carbonization of coal. The tar is 
a product of the char oil energy develop- 
ment project, which aims at converting 
coal to synthetic crude oil, pipeline gas, 
and fuel char. Performance of the tar in a 
pilot-scale carbon black reactor is practi- 
cally identical to that of the standard feed- 
stock. Also, rubber samples compounded 
with the low-temperature carbonization 
carbon black are substantially the same, in 
elasticity modules, tensile strength, and 
abrasion resistance, as those made with 
carbon biack from standard feedstock. 

Under development is a new type of 
carbon black with high structure. It has 
special advantages for use in manufactur- 
ing tires because it has improved tread 
cracking resistance and lower heat buildup. 
Its high structure gives a tread perform- 
ance better than that obtained from blends 
of HAF and ISAF. 

Also under development is a high jet 
carbon black (one containing more 
carbon) that is dispersed in plasticizers for 
use in the manufacture of polyvinyl chlor- 
ide and cable insulation. 

A new and intriguing use of carbon 
black is in prevention of frost damage to 
crops, Farmers spread it over the ground 
and the darkened soil absorbs more heat 
during the day. Then, at night, when the 
temperature dips, the soil remains warm 
longer. 

The basic raw materials for carbon black 
are natural gas and oils; hence, most 
carbon black producing plants have been 
located near a fuel and raw material 
supply in southern Louisiana and in the 
Texas Panhandle. The carbon black is 
transported from there to the rubber 
plants. Recently, however, the carbon black 
industry has begun to change its policy by . 
building new facilities near the largest cus- 
tomers, the rubber manufactures, not near 
its fuel supply. 


Table 2.—Carbon black produced from natural gas and liquid hydrocarbons in the 


United States, by States 
(Thousand pounds) 


Change 
State 1965 1966 1967 1968 1969 from 1968 

(percent) 
Louisiana 820, 552 899, 178 923,286 1,081,349 1,045,902 + 1.41 
Texas. EE 1,172,693 1,296,292 1,214,349 1,426,307 1,442,033 + 1.10 
Other States 360,531 876,082 346,205 354,150 475, 826 -F84.22 
Totali scu ee 2,353,776 2,571,552 2,483, 840 2,811,806 2,963,261 + 5.39 
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Table 4.—Number and capacity of carbon black plants operated in the United States 


Number of plants 


— Total daily capacity 
State County or Parish 1968 1969 (pounds) 
Channel Furnace Channel Furnace 1968 1969 
Aransas_...... M 1 oe 1 
Carson 1 EUM 1 i 
C cose ce su 1 Nm 1 d 
Gaines 1 EL 1 zt 
TAY caelum Nn 1 oe 1 
Hamis 8 RR 1 m 1 
KT 8 Howard "n 2 Dë 2 4,554,941 4,550,078 
Hutchinson 4 1 4 
Montgomery = 1 i 1 
ore ħľŃįħįħŘiŘ ze 1 "n 1 
range FFC SE | SE? 
Err C Se Së 
Wheeler . . E 1 A" 1 
Total Texas 4 14 4 14 4,554,941 4,550,078 
Avoyelles............- E 1 Se 1 
Calcasieu............. ud 1 i 1 
Louisiana Evangeline..........- Së 1 Se 1 8,188,068 3, 568, 055 
uach ita 1 2 NS 2 
St. Marg -------- ee 8 AF 8 
West Baton Rouge. sz M 1 
Total Louisiana. 1 8 -- 9 8,188,068 3,568,055 
Arkansas Union................ A T 1 
Contra Costa zc EN Ez 1 
California. Kern " 2 = 2 
Mojave (District) SS "M E 1 
Kansas.......... Grant = 1 EP 1 1,403,849 1,920,506 
New Mexico..... Lea LEN SR CPUS TURO a 1 1 1 1 
nig Washington SS me CN 1 
Oklahoma NO 2 ee d oci. EM 1 Si 1 
West Virginia Pleasants............. "s n 1 
Total Other States 1 7 1 10 1,403,849 1,920,506 
Total United States 6 r 29 5 83 9,141,858 10, 038, 639 
r Revised. 


Table 5.—Carbon black and the feedstocks used in its production, by States 


Louisiana Texas Other Total 
States 1 
1968 
ES black production: 
d E thousand pounds.. 1,031,849 1,426,807 354,150 2,811,806 
Value Dë thousand dollars. . '$70, 403 $111,091 324, 355 $20 5,849 
Average value cents per pound r 6.86 7.79 6.88 7.82 
Natural gas used: 2 
Ke d EE million cubic feet. . 29 146 59,527 16,300 104,978 
EE thousand dollars. . $4,896 $7,367 $2,128 $14,891 
Average value cents per thousand cubic feet. 16.80 12.38  Á 718.06 13.71 
Carbon black produced 2. thousand pounds... 826,019 85,049 44, 147 455,215 
Liquid hydrocarbons used: 
JJ. ence 8 thousand gallons.. 144, 008 282,004 58,397 484, 404 
Malle. oe Ee eter thousand dollars — $10,462 $20,056 $8,914 $84,432 
Average value ------------------ cents per gallon. . 17.27 7.11 6.70 7.1 
Carbon black produced... EE thousand pounds.. 705,330 1,341,258 $310,008 2,856,591 
Carbon black production: 
Lal 1222222255254 celui eu thousand pounds.. 1,045,902 1,442,083 475,826 2,963,261 
Value E EE mk; thousand dollars "$70, 768 $110,816 $38,586 $215,120 
Average valu cents per pound 6.77 T.68 7.06 T. 
Natural gas used: 2 
d ke DEE million cubic feet. 27,834 55,199 15,218 98,251 
Il 88 thousand dollars $4,891 ,049 $2 184 $14,624 
Average value cents per thousand cubic feet. . 17.57 13.68 14.35 14. 
Carbon black produced *............. thousand pounds.. 326, 168 64,592 65,099 455,859 
Liquid hydrocarbons used: 
d Kr NEE thousand gallons... 152,891 292,293 79, 186 524,870 
r. enm dec ass thousand dollars.. $10, , 818 $21, 195 Ee 921 $37,929 
Average value cents per gallon... 7.07 1.25 8.50 T. 
Carbon black produced.............. thousand pounds.. 719,734 1,377,441 410, 227 2,507, 402 
r Revised. 


1 . California, Kansas, New Mexico, Ohio, Oklahoma, and West Virginia. 


2 Includes natural gas used to enrich liquid hydrocarbons. 
5 Produced from natural gas used as feedstock. 
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Table 6.—Natural gas and liquid hydrocarbons used in manufacturing carbon black 
in the United States and average yield 


1965 1966 1967 1968 1969 

Natural gas used 21242 million cubic feet. 115,574 114,936 108,961 104,973 98,251 
Average yield of carbon black per thousand cubic 

..... ⁵ ( 8 pounds 6.36 5. 75 5. 54 r 5.79 6.28 
Average va'ue of natural gas used per thousand cubic 

EE cents.. 14.5 14.45 14.02 13.71 14.88 

Liquid hydrocarbons used............ thousand gallons.. 389,173 483,700 421,286 484,404 524,370 

Average yield of carbon black per gallon. . pounds 4.52 4.72 4.79 4.86 4.78 
Average value of liquid hydrocarbons used per gallon 

cents 6. 86 7.09 7.07 7.11 7.23 

Number of producers reporting. 9 9 9 8 9 

Number of plaattht,tt REC -..-.-- 84 84 85 r 85 38 


r Revised. 


1 Includes natural gas used to enrich liquid hydrocarbons. RP 
2 Average yield based on natural gas used as feedstock, excluding natural gas used to enrich liquid hydr o- 


carbons. 


Table 7.—Sales 


Use 1965 
e exi mbe IDE eu ES 54,333 
! uo 0 ⁰ c2me sies 10,896 
P! K mw este „64 
Plastics EE 20,183 
Rübber.....-.22 5-222956 1,945,459 
Miscellaneous 22222 83,980 

Total __ ĩᷣ eects 2,072,500 
r Revised. XX Not applicable. 


1 Included in “Miscellaneous.” 


of carbon black for domestic consumption in the United States, by uses 


(Thousand pounds) 
Gei 
1966 1967 1968 1969 from 1968 
(percent) 
63,682 63,963 67,721 73,077 ＋ 7.91 
11,959 12,553 18,435 17,711 ＋ 31.88 
6,108 5, 658 4,710 5, 668 4-20.34 
21,945 20,907 26,863 P 
2,131,169 2,072, 543 72,445,550 2,616,166 ＋ 6.98 
42,732 40, 521 30, 123 65,327 XX 
2,271,595 2,216,145 72,588,402 2,777,949 + 7.32 


3 Chemical, food, and plastics (1969) combined with “Miscellaneous” to avoid disclosing individual company 


confidential data. 


Table 8.—Producers’ stock of channel- and furnace-type blacks in the United States, 


December 31 
(Thousand pounds) 
Furnace 
Year Channel Total 
SRF! HMF: GPF! FEF! HAF! SAF! ISAF: Thermal Total 
1965..... 84,828 7,291 20,385 28,275 48,644 4,277 35,506 22,835 197,041 40,668 237,704 
1966..... 85,479 5,570 15,709 21,411 53,344 4,925 43,801 9,615 189,854 43,291 233,145 
1967..... 43,747 4,916 13,669 20,029 58,688 6,284 37,951 26,943 212,227 52,020 264,247 
1968_____ 29,695 2,900 14,756 20,047 55,590 3,592 41,621 23,074 191,275 32,895 224,170 
1969 r... 24,478 2,518 20,082 22,254 48,725 4,734 38,712 28,044 189,547 18,478 208,020 
r Revised. 


1 For explanation, see footnotes to table 3. 
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Table 9.—U.S. exports of carbon black, by countries 


(Thousand pounds and thousand dollars) 
1967 1968 1969 


Country ———————— — N —,n  -TnV 
Quantity Value Quantity Value Quantity Value 
North America: 
Canada... .orl2caczcustciezcses 27,591 $2 ,309 29 ,189 $2,455 26,454 $2,394 
Guatemala JJ ĩͤ occa et sama 1,423 125 3,042 250 1,182 98 
eXICOL oo dscesesceusd acad 8 1,792 208 4,780 556 4,089 415 
Other. a a usss 1,534 185 8,085 279 1,087 98 
Total. sistas 2 5c dez ecce 32,340 2, 772 40, 096 3, 540 32,712 3, 005 
South America: 
Argentina: 22.220 i eee suet Lu 1,373 213 2,419 300 1,914 219 
Brazil. 5 ß 3,190 301 4,800 465 2,865 301 
Chile 21229. hee Ee 4,473 426 627 T9 455 50 
Colombia 1,074 117 466 475 78 
l! ˙• . ³ꝛ³ iI 6,317 550 8,731 792 338 35 
Venezuelaa a 77 1,409 133 2,876 228 
thon... mf T ee ees 802 76 844 88 57 
Total us mw v sec 17,919 1,760 19,296 1,954 8,816 1,022 
Europe: 
Belgium- Luxembourg 5, 366 467 5, 804 530 3,448 326 
Denmark 1,110 173 2,135 322 1,105 154 
Finláñd ̃ ei ier s 595 58 1,044 156 314 39 
France... V: ðâ Bee Lm 35,584 3,624 86,523 3,822 33, 236 3, 625 
Germany, Weste 24,174 2,063 23, 871 2,258 15,041 1,647 
LEE EECH 17,186 2,048 22,425 2,695 10,934 : 
Netherlands... .................- ,185 349 3,79 2,470 820 
Norway. oc cuoc ucc tea Dr Le 959 85 1,145 101 T2 
Portugal... 25.2 es 1,941 193 709 83 1,668 148 
IL EE 3,492 488 5,047 602 8,684 445 
C a 3,335 261 6,075 515 2,380 217 
Switzerland 2,140 205 2, 504 210 1,511 150 
USS R iiec ees 13 7,945 8 
United Kingdom 19,748 2,889 24,597 8,675 17,117 2,782 
Vugosla via 511 63 
G! ⁰˙ i. set ese 3,416 360 789 87 568 78 
Total: DEREN 122,751 13,239 186,963 15,643 101, 827 12, 257 
Africa: 
, e . 35 3 818 72 
South Africa, Republic of 9,338 851 7,736 786 4,660 463 
Mer aaa 813 77 1,427 122 498 57 
Total. eeh 10,151 928 9,198 911 5,976 592 
Asia 
Ii. ee 8 6,510 661 3, 505 376 5, 554 587 
Indonesia 60 1,766 148 
P17 364 39 1,150 112 139 12 
CH E EE 1,102 112 1,287 117 555 55 
%%%]. pap mes 10,296 1,824 12,093 2,234 8,109 2,117 
Korea, South. ..................- „972 706 11,026 1,041 13,779 1,875 
FHF 22-2222 3222 ES 45 206 1,794 178 
Philippines 7,340 644 8,737 770 8,614 833 
Thailand ³⅛ðZK 4,050 339 2,310 198 958 82 
Pi. A 8 2,216 199 935 96 428 
GG ð˙¹- ³ - a EE 2,495 282 2,912 394 2,477 812 
Total... uuruuu mue oe 43,686 4,911 45,927 5,503 38,166 5,158 
Oceania: 
Australian 6,472 554 8,348 773 5, 384 559 
New Zealand.................... 2,716 246 8,294 802 3,322 322 
Otel Ü§;Üſõ y eae 9,188 800 11, 642 1, 075 8, 706 881 


Grand total!... 236,035 24,410 263,122 28,626 196, 208 22,915 
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Table 10.—U.S. exports of carbon black in 1969, by months 


(Thousand pounds and thousand dollars) 


Channel Furnace Total 
Month —————— — ———r.'4HUUCnA. ä — a—-———ẽ 10 ! ' —yę—ę—-— 

Quantity Value Quantity Value Quantity Value 

, x ens 133 $179 4,039 $313 4,772 $492 

February... . 571 140 8,806 308 4,377 448 

March. ................- 1,068 241 10,537 791 11,605 1,032 

ADILl 2-2 8 7,525 1,316 15,420 1,237 22,945 2,553 

7//§§; ð⅛». 9,209 1,551 18,246 1,486 27 ,455 3,037 

Jun elect eu 7,201 1,305 15,761 1,307 22,962 2,612 

IJ 8,039 1,418 11,312 1,083 19,351 2,501 

Kug uus ;! 5,339 1,104 12,470 1,102 17,809 2,206 

September 4,922 867 11,721 1,062 16,643 1,929 

October................- 4,989 1,000 13,817 1,184 18,806 2,184 

November... 4,013 988 10, 043 889 14, 056 1,877 

December 4,732 1.094 10, 690 950 15,422 2,044 

Total.............- 58,341 11,203 137,862 11,712 196,203 22,915 

Table 11.—World production of carbon black by countries 1 
(Thousand pounds) 
Country 1967 1968 1969 » 
Argentinai ee EE 45,166 48,444 52,911 
! ĩðü ³ mꝝ E 67,681 99,207 95,901 
(ke ALE 261,906 260,473 e 295,416 
Germany, West... 297,246 392, 406 414,220 
Indid. uuu a ALL EE e 55,115 e 55,115 e 55,115 
Italv. oe . OM oc DM EE DEC du a eee 199,748 205,711 230 , 949 
PP asi ea ĩ a 388 , 742 482,051 574,581 
Korea, Sf Esa EE eadcm NA NA 1,001 
Netherlands- eier ege e me dnas mecs e Dern etica eee 164,243 169,975 e 176,148 
NU ⁵ð⁴ß E 115, 682 120, 973 124,390 
RE r 27,558 e 55,115 e 66,138 
NA EE 1,091 e 1,100 e 1,100 
United Ende ens. Ee 360 , 452 405 , 867 436,511 
United States ur ll ceo . leew qe se 2,483,840 2,811,806 2,963,261 
I EE 16,204 16,204 16,001 
beo gt. NETTE ⁰⁰⁰ã eis 27 , 388 19,760 e 22,046 
Total$-.. kane cube ce ⁵³ð 8 r 4,512,062 5,144,207 5,585,639 
e Estimate. p Preliminary. r Revised. NA Not available. 


1 Australia, Belgium, Canada, mainland China, Colombia, Mexico, Republic of South Africa, and Sweden 
produce carbon black, but production data are not available. 
2 Totals are of listed figures only. 


Cement 


By Robert A. Whitman 1 


Finished portland cement shipments 
topped the 400-million-barrel mark in 
1969, with a total of 418,284,000 barrels 
shipped. Until midyear it had appeared 
that total cement shipments would rise 
above the coveted mark with more 
momentum than was apparent by yearend. 

Although the industry's level of activity 
proved to be at an alltime high, the 
degree of achievement was not as high as 
had earlier been expected. Price increases 
instituted early in 1969 had been some- 
what eroded by the time vigorous summer- 
time construction activity began, and the 
total fo.b. mill value of all portland 
cement shipments for 1969 was about 4 
percent above the $1.3 billion mark estab- 
lished in 1968. 

Two new white-cement plants and three 
new gray-cement plants went on stream in 
1969, The new gray plants at Lyons, Colo., 
near Miami, Fla., and at Greencastle, Ind., 
added nearly 9 million barrels of new 
capacity. Several remodeling and updating 
projects came into operation as well. 
Enough production capacity from outdated 
or inefficient plans was permanently 
closed down so that the net gain in U.S. 


capacity was about 9 to 10 million barrels. 
Sales increases did not keep pace with 
these capacity increases. However, much of 
the new capacity was located in areas which 
will soon need such facilities. 


In the face of these factors, the industry 
made its costliest wage and fringe benefit 
settlement ever during 1969, and prices 
were expected to rise in 1970 commensur- 
ate with the increase in labor costs. 


Imports for consumption of hydraulic 
cement increased in 1969 by more than 30 
percent over those of 1968. Total cement 
imports at yearend were running nearly 10 
million barrels per year, or about 2.3 per- 
cent of domestic shipments, having risen 
from 1.8 percent in 1968. 


There were no equipment or raw mate- 
rial shortages in 1969, In addition to ever- 
larger kilns, the trend in new and modern- 
ized plants continued toward more 
extensive automation and air pollution 
control equipment. In fact, demands for 
improved air pollution controls by govern- 
ments frequently have been stringent 
enough to become important factors in 


1 Physical] scientist. 


Table 1.—Salient cement statistics 


1965 
United States: 
Production 1 
thousand 376-pound barrels. . 881,678 
Capacity used at portland ce- 
ment mills 1. percent. 76.8 
Shipments from mills 1 
thousand 376-pound barrels. . 384 , 402 
Value 1112 thousands $1,221,454 8 
Average value !. .. per barrel $3.18 
Stocks Dec. 31 at mills: ! 
thousand 376-pound barrels. . 82,942 
Exports do 748 
Imports for consumption 
thousand 376-pound barrels. . 5,505 
Consumption, apparent 3 
thousand 376-pound barrels. . 389,159 
World: Production do.... 2,543,258 


1966 1967 1968 1969 
393 , 824 377, 885 403, 349 407,944 
77.3 72.7 77. 6 78.7 
389, 856 381,824 405,868 418,284 
1,226,806 81, 210, 736 $1,294,533 31,354,083 
$3.15 $3.17 $3.19 $3.28 
40,698 41,529 41,977 37, 920 
1,069 980 942 589 
7,066 5,913 7 ,289 9,687 
395,853 386,757 412,210 421,382 


2, 722, 068 2,812,729 8,009,950 8,168,951 


1 Excludes Puerto Rico; includes portland, masonry, and slag cements. 
2 Value received, f.o.b. mill, excluding cost of containers. 


3 Quantity shipped plus imports minus exports. 
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management decisions with respect to 
modernization or discontinuance of some 
of the older cement plants. 

The United States continued to be the 
only major cement-producing nation in the 
world that still used the 376-pound barrel 
as the chief unit of measure. During 1969, 
Canadian companies abandoned their own 
350-pound barrel and adopted the 2,000- 
pound short ton as their standard unit of 
cement measure. 

The fast-moving swing to the cement 
terminal at a point some distance from the 
manufacturing plant, as a means of 
expanding the distribution radius of the 
plant, leveled off by 1969. Four new termi- 
nals were opened, while five were closed, 
and those opened generally were in special 
situations where the markets were excep- 
tionally vigorous. It has been estimated 
that 25 percent of all cement shipments 
now originate from distribution terminals. 

Legislation and Government Programs. 
—The two most important housing meas- 
ures enacted by Congress in 1969 were 
both passed too late in December to affect 
activity during the year. The Housing and 
Urban Development (HUD) Act of 1969 
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(Public Law 91-152) had four important 
new provisions: (1) It established a 
replacement requirement for slum dwell- 
ings razed as part of an urban develop- 
ment project, by requiring that an equiva- 
lent number of new or rehabilitated 
housing units be provided to replace those 
dwellings demolished or removed by an 
urban renewal project. (2) Authorized a 
Federal subsidy for the operating costs of 
the public housing program. (3) Provided 
for financing of mobile homes. (4) 
Enabled HUD to override local building 
codes or labor union restrictions in the 
development of experimental housing. Of 
these four, the first and the last should be 
of the most direct benefits to the building 
industry and therefore to the cement 
industry. The Mortgage Credit Act (Public 
Law 91-151) was designed to fight infla- 
tion and thus will affect the cement indus- 
try indirectly, Probably the Government 
program most promising for the industry 
was the initiation of Operation Break- 
through by HUD. This should provide for 
a vast increase in the use of cement for 
housing. The program is discussed further 
in the section on consumption and uses. 


DOMESTIC PRODUCTION 


PORTLAND CEMENT 


The portland cement industry probably 
increased its net total production capabil- 
ity by about 2 to 2.5 percent in 1969. This 
increase, coincidentally, just about matched 
the rated 9 million barrel production 
capacity for the three new gray-cement 
plants that went on stream during the 
year. Probably the total amount of new 
capacity installed was around 22 million 
tons, however over half of the new produc- 
tion capacity resulted from modernization 
and replacement of old and obsolescent 
equipment. Thus over half of this total 


Yearend 1967 


Million barrels Number Percent 

of of total 

plants capacity 
Less than 1111. 111 1.5 
i Gi de Ä lees uo 2 59 17.3 
ꝙ%0 Ä Ä 8 52 24.5 
BOO DEE 40 26.6 
A. t0. D. zs c 12 10.0 
5 and over. 14 20.1 
Total. [eec 188 100.0 


r Revised. I 
12 plants received clinker from other sources. 
21 plant received clinker from other sources. 


expansion was cancelled by the closing of 
old equipment, no longer economical. The 
installation of dust-collecting facilities had 
a high priority. These included at least 12 
electrostatic precipitators and several bag 
houses or bag-type collectors. Although 
four new distribution terminals were 
installed in widely scattered parts of the 
country, at least five terminals were closed 
down, mostly in the eastern part of thc 
United States. The following tabulation, 
with plants grouped according to estimated 
annual capacity, shows the trend toward 
larger size plants in the United States, 
including Puerto Rico: 


Yearend 1968 Yearend 1969 


Number Percent Number Percent 
of of total of of total 
plants capacity plants capacity 
12 7 0.9 28 1.0 
2 58 17.1 2 55 16.4 
53 25.1 53 25.3 
r 36 23.9 86 24.1 
13 10.9 12 10.0 
16 22.1 17 23.2 
183 100.0 181 100.0 


CEMENT 


All three of the new gray-cement plants 
which went on stream during the year 
were highly automated. Maule Industries, 
Inc, had a new 2.4-million-barrel plant 
erected at its quarry near Pennsuco, Fla. À 
new dry-process, single-kiln plant was com- 
pleted for the Dewey Rocky Mountain 
Cement Co. at Lyons, Colo. Between 75 
and 80 men were employed. Operation of 
the 2.3-million-barrel plant, from raw 
material mix right through the kiln, was 
controlled by computer. A roaster dryer 
was used to eliminate kerogens from the 
raw material. Lone Star Cement Corp. 
replaced an older, four-kiln operation at 
Greencastle, Ind. with a new one-kiln 
plant with a capacity of 4 million barrels 
per year.2 The new plant has a full, 
direct, digital-control, real-time, computer 
system, which incorporated on-line’ X-ray 
analysis. 

The Nevada Cement Co. doubled the 
production capacity of its plant at Fernley, 
Nev., in an expansion project; total cost 
was estimated at $2 million. The Idaho 
Portland Cement Co., which had its plant 
in Spokane, Wash. merged with the 
Oregon Portland Cement Co. to form a 
company with a total capacity of 5.2 mil- 
lion barrels per year. Idaho Portland con- 
tinued to operate as a division of Oregon 
Portland Cement, but retained the Idaho 
Portland Cement Co. identification on its 
product. Calaveras Cement Co. in San 
Francisco announced plans to convey lime- 
stone to its cement plant at San Andreas 
through a 17.6-mile underground transmis- 
sion line. The pulverized limestone would 
be in liquid suspension. Water necessary to 
create the limestone slurry was to be fur- 
nished to the quarry by an underground 
pipeline connected with the water source 
3.7 miles north of the quarry. 

An expansion program to double the 
capacity of the Midlothian, Texas cement 
plant of Gifford-Hill & Co., Inc., was 
announced. The expansion of the wet- 
process plant situated about 25 miles south 
of Dallas was to increase its capacity from 
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1.5 million barrels annually to about 3 
million barrels per year. 

Kaiser Cement & Gypsum Corp. of Oak- 
land, Calif., purchased a site at Seattle, 
Wash., to locate an integrated plant for 
cement production. The company had, in 
1969, about $4 million invested in silos 
and cement-handling and docking facilities 
in an industrial area along the Duwamish 
River. This installation was planned as 
part of the new plant. 

Lehigh Portland Cement Co. started a 
$9 million expansion program to enlarge 
the capacity of its Union Bridge, Md. 
cement plant. The program, involving the 
addition of a fourth kiln and related 
grinding equipment, was to increase the 
1969 capacity to almost 5 million barrels. 

Arizona Portland Cement Co. announced 
a $12 million expansion and modernization 
project for the Rillito Plant located about 
20 miles northwest of Tucson. This was 
planned to increase production from 3 to 
4.2 million barrels per year. Approximately 
$1 million was to be used for additional 
equipment to reduce air pollution, and it 
was projected that the plant's air pollution 
control would eliminate any visible dust. 
Giant Portland Cement Co. announced 
plans to modernize its marl-processing 
operation at Harleyville, S.C. with new 
equipment. The project was planned to 
allow for a future increase of 30 percent in 
the plant's production of portland cement. 
Construction was started by the Peerless 
Division of American Cement Corp. of a 
new 4-million-barrel plant to be located on 
the Rouge River near Detroit. The new 
plant, with access to the Great Lakes, 
would have facilities for shipping package 
and bulk cement by rail, truck, and ship. 
It would replace the oldest of three plants 
currently operated by the corporation's 
division in the Detroit area. Universal-At- 
las Cement Division of United States Steel 
Corp. began construction of a Chicago-area 
plant to produce  calcium-aluminate 
cements, These cements were to be used in 
refractory applications. 


TRANSPORTATION 


Two new 7,000-barrel cement barges 
were ordered during the year by Dewey 
Portland Cement Co. to haul cement prod- 
ucts from the Davenport, Iowa, plant to 
the St. Paul, Minn., distribution terminal. 


These two barges represented a new design 
in that they were compartmentalized and 


2 Herod, Buren C. At Greencastle- pone Star 


Even Brighter. Pit & Quarry, v. 62, No. 


7, January 
1970, pp. 126-139. 


258 


able to carry three types of cement at one 
time. They were equipped with self-con- 
tained unloading systems. In another phase 
of this expansion program new docks were 
constructed at the St. Paul terminal, and 
new storage silos raised the total storage 
capacity from 11,500 to 26,000 barrels. New 
storage silos of 7,000-barrel capacity were 
constructed at the Davenport terminal 
together with a 2,000-barrel-per-hour load- 
ing system. 
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Kaiser Cement & Gypsum Corp. ordered 
a new cement carrier of 5,000 deadweight 
tons for its subsidiary, the Ryukyu Cement 
Co. The vessel, to cost about $1.6 million, 
was to be built by C. Itoh & Co. of Japan. 

American Cement Corp. purchased 3.15 
acres with a 580-foot frontage along the 
Buffalo ship canal as a site for a distribu- 
tion terminal for cement brought down 
the Great Lakes. 


CONSUMPTION AND USES 


Consumption of portland cement, if 
measured by shipments, exceeded the all- 
time high reached in 1968 by about 3 per- 
cent. Slowing down of private construction 
through high interest rates combined with 
the stretch-out of public construction 
created a more even demand throughout 
the year. No monthly shipment records 
were set, but over 40 million barrels were 
shipped in each of the 5 months of June 
through October. 

According to the Construction Review of 
the Business and Defense Services Adminis- 
tration, U.S. Department of Commerce, the 
value of new construction in place, meas- 
ured in constant dollars, declined through- 
out 1969. The total for 1969 was slightly 
under that for 1968. The review showed 
that 2 percent less cement was going to 
highway contractors than in 1964, while 
nearly 2 percent more was going to ready- 
mixed concrete producers. Concrete 
pavers, who have done very well with the 
interstate highway program, will now have 
to develop their techniques to bid compet- 
itively for urban street renewal, sidewalks, 
parking areas, and rehabilitation of sec- 
ondary roads throughout the country. 

The use of cement to modify or to 
create soil-cement mixtures grew rapidly. 
The principal objective of cement modifi- 
cation or the creation of a soil cement was 
to reduce the ability of the soil to retain 
moisture rather than to increase its 
strength. The use of soil cement was very 
successful in Florida, which has an 
extremely shallow water table. A paper 
entiled "Cement Modification of Clay 
Soils” by A. P Christensen 3 presented 
comparisons between cement-soil and 
lime-soil modifications using 11 different 
clay soil samples. Results indicated that 3 
to 5 percent of either lime or cement was 


effective in reducing the water-retention 
properties of clay soils. As a result, soil 
shrinkage or swelling was considerably 
reduced. However, soils modified with 
cement generally showed greater compres- 
sive and triaxial strengths than those mod- 
ified with lime. 

The use of cement in concrete block 
should expand as more concrete-block pro- 
duction facilities are automated. A plant 
was opened at Stanton Harcourt, Oxford- 
shire, England, early in 1969, capable of 
producing 30,000 blocks per shift with a 
crew of seven men.* A fully automated 
factory-type plant was opened at German- 
town, Tenn. in January, capable of pro- 
ducing 4.7 million units annually with a 
work force of six men.5 The use of conrete 
for building should be greatly increased as 
more architects and engineers utilize the 
versatility of concrete to create buildings 
with beauty rather than simply utility.6 
Designing for beauty was extended to 
bridges as well as buildings. The 439-foot- 
long bridge passing over Adams Avenue 
on Interstate Highway 805 in San Diego, 
Calif., is a good example.? 

In order to initiate a program for Oper- 
ation Break-through, sponsored by the 
Department of Housing and Urban Devel- 
opment, the Portland Cement Association 
formed a consortium of precast concrete 


3 Christensen, A. P. Cement Modification of 
1955 Soils. Portland Cement Association, RDO O2. 015 

* Cement, Lime, and Gravel. Concrete Block 
Production on Factory Lines. V. 44, No. 1l, 
November 1969, pp. 323-326. 

5 Papineau, Don Fischer. Limes New Block 
Plant. Modern Concrete, v. 33, No. 7, November 
1969, pp. 42—46, 68. 

$ Engineering News Record. Prefab Beams Up- 
date, Decorate Buildings. V. 182, No. 8, Feb. 920, 
1969, pp. 44—48. 

T Engineering News Record. Curved Bridge 
Takes Fancy Formwork. V. 182, No. 13, Mar. 27, 
1969, pp. 34-35. 
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producers, which included the National 
Gypsum Co., Buffalo, N. V.; American 
Standard, Inc., New Vork City: Wiremold 
Co., Hartford, Conn.; Ferendino, Grafton, 
and  Pancoast, Miami, Fla. and the 
National Urban League, Washington, D.C. 
The consortium submitted a proposal cov- 
ering the design, testing, and construction 
of prototype concrete housing which could 
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be mass-produced. There were 135 precast 
concrete manufacturers represented from 
across the country. Included were members 
of Flexicore Manufacturers Association, 
Spancrete Manufacturers Association, 
Span-Deck Manufacturers Association, Spi- 
roll Producers Association, Dynaspan Prod- 
ucers Association, and Prestressed Concrete 
Institute. 


PRICES 


The average mill value of a barrel of 
cement (all classes) was about $3.23 in 
1969. The poor profit position of the 
cement industry continued throughout 
1969. Although the 20-city average, as pro- 
vided by Engineering News-Record, started 
at $4.10 per barrel for bulk cement in car- 
load lots in January and increased to $4.18 
per barrel in September, by November and 
December it was down to an average of 
$4.02 per barrel. A very large wage 
increase in the industry coupled with the 
price drop toward yearend tended to 
depress annual profits. 

Engineering News-Record provides f.o.b. 
base prices per barrel for portland cement 
by carload lots in 20 cities across the 
United States. The annual average for 
bulk cement was $4.07 per barrel, as com- 
pared with $4.09 in 1968. December 1969 
price quotations (with the 1968 figures in 


parentheses for comparison) were as fol- 
lows: Bulk, $4.02 ($4.09) per barrel, rang- 
ing from a high of $5 at Cleveland ($4.95 
at Pittsburgh) to a low of $3.75 at Bir- 
mingham and Philadelphia ($3.60 at 
Detroit). For cement in paper bags during 
1969 the 20-city average over the year was 
$5.18. For December the prices ranged 
from a high of $6.40 per barrel in New 
Orleans ($6.88 in New Orleans) to a low 
of $4.30 in Birmingham ($4.30 in Birming- 
ham). The high of $6.88 per barrel for 
cement in sacks lasted only through May, 
at which time it dropped to $6.40. The 
low of $4.30 per barrel persisted through- 
out the year. For mortar cement in carload 
lots the average for the year was $4.53 per 
barrel. The high remained at $6.40 in New 
Orleans for all of 1969 (as it had ended in 
1968) and the low dropped to $3.20 in 
New York ($3.90 in New York). 


FOREIGN TRADE 


Exports of cement from the United 
States in 1969 dropped 37 percent from 
those of the previous year to a total of 
only 589,000 barrels of 376 pounds each. 
The total dollar value of these exports was 
just under $3.2 million. Over 40 countries 
received U.S. exports of cement, but of 
these, four—Canada, the. Leeward and 
Windward Islands, the French West Indies, 
and the Bahamas, took over 75 percent of 
the volume. 

The importation of cement for consump- 
tion into the United States in 1969 
increased by 2.4 million barrels to an all- 
time high of 9.7 million barrels with a 
value of over $24 million. This represented 
2.3 percent of the total domestic shipments 
for 1969. The Bahamas, Canada, and 


Norway provided 85 percent of the 
imports. The Bahamas (41 percent) forged 
to the leadership position during 1969, 
edging out Canada (28 percent), long the 
leader. Norway (16.9 percent) and Colom- 
bia (5 percent) have slowly lost ground to 
others in recent years. Of the 10 other 
countries from which the United States 
received cement, only shipments from Japan 
and the United Kingdom increased appreci- 
ably over those in 1968. 

A new tariff reduction became effective 
January 1, 1969. The duty on white, non- 
Staining cement was reduced from 2.5 cents 
per hundred pounds to 2 cents per 
hundred pounds, while the duty on 
hydraulic cement and clinker was reduced 
from 1.5 to 1.3 cents per hundred pounds. 
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WORLD REVIEW 


Algeria.—An automated cement plant 
with a rated capacity of 500,000 metric 
tons per year was to be constructed for 
Algeria by the French firm, Five Lille Cail, 
according to a contract signed October 1, 
1969. 'The cost of the plant was estimated 
at 138 million dinars. 

Czechoslovakia.—Construction of a large, 
modern, cement plant with an expected 
capacity of over 1 million tons per year of 
portland and high-quality cement was 
completed near the city of Brno. This 
plant will increase the country's annual 
productive capacity of 6,500,000 tons by 
about 15 percent. 

Ethiopia.—About one-third of the total 
production of the Eritrea Cement Share 
Co. of Ethiopia was being exported in the 
early part of 1969. The cement, almost the 
only industrial export of Ethiopia, was be- 
ing sent to Saudi Arabia and Yemen. The 
main plant of the company, located on the 
Red Sea just outside Massawa, was built 
with the technical advice of and a com- 
mercial loan from the Krupp Co. of West 
Germany. The plant commenced produc- 
tion in 1965 with an annual output of 
about 65,000 tons of cement. 

Germany, West.—A cement plant owned 
by Klockner Humbolt Deutz, A.G., at Co- 
logne, was scheduled to install a Honeywell 
DDP-516 real-time computer system. The 
system was to include analysis of data on 
the mix obtained from an on-line X-ray 
fluorescent spectrometer. 

Ghana.—The cement industry of Ghana 
in 1969 operated two plants using 
imported. clinker, The first plant was built 
at Tema in 1964 with an annual capacity of 
200,000 tons. The second plant, which 
came on stream at the end of 1968 has an 
annual production capacity of 500,000 long 
tons. Plans were being made for the explo- 
ration of limestone deposits in the south- 
western corner of the country to furnish 
clinker locally. 

Indonesia.—It was reported that the 
Indonesian Government had placed orders 
with the Industrial Development Corp. of 
India for six small-scale cement plants 
modeled on the shaft-kiln, small-scale, 
cement plant near Dalmiapuram, India. 

Morocco.— The capacity of the Meknes 
Cement Plant in Morocco was raised from 
150,000 to 400,000 metric tons per year by 


the addition of a second kiln late in 1969. 
This plant is operated by a private com- 
pany, Societe des Ciments Artificiels de 
Meknes, which is associated with Ciments 
Lafarge Group of France. 

Philippines.— The Philippine Board of 
Investments included cement manufactur- 
ing in its list of overcrowded industries. 
This means that the cement industry will 
not receive incentive tax preference. 

Qatar.—The Oatar National Cement Co., 
Ltd., of the Sheikdom of Qatar produced 
portland and sulfate-resistant cements in 
excess of the plant's designed capacity of 
100,000 metric tons per year. This cement 
plant, Qatar's first major industrial ven- 
ture outside of oil recovery, is located in 
the west side of the country at Umm Bab. 
Limestone was furnished from a quarry 
adjacent to the cement works. Clay came 
from .a deposit some 20 kilometers from 
the plant. 

Thailand.—The Siam Cement Co. built 
a third plant at Thung Song, Nakorn Sri- 
thamarha Province in southern Thailand. 
The rated capacity of this plant, which 
began production at the beginning of 1969, 
is 500,000 tons per year. The total produc- 
tion capacity of the Siam Cement Co. is 
estimated at 2,300,000 tons. 

Turkey.—Cement production in Turkey 
increased during 1969 by approximately 
500,000 metric tons to about 4,700,000 tons. 
Hastas Holding Co. started construction in 
August 1969 on two cement plants in 
Ceyhan. One was to produce cement and 
the other to manufacture cement products. 
The new cement production facility, with 
a capacity of over 6 million barrels, should 
increase the country's production capacity 
by over 20 percent. 

United Kingdom.—The Cement Makers 
Federation announced that cementmakers 
would change to the use of metric weights 
and decimal currency simultaneously on 
January 1, 1971. The Federation hopes to 
avoid the confusion which might result 
from the use of both systems of weights 
and currencies concurrently. 

A new cement plant with a rated capac- 
ity of 315,000 tons per year (1,800,000 bar- 
rels) was opened during 1969 by the Asso- 
ciated Portland Manufacturers, Ltd., at 
Cookstown, west of Belfast in Northern 
Ireland. The plant uses the semidry proc- 
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ess of cement manufacture and gets its 
limestone near the plant. The shale comes 
from about 8 miles away, near Dungan- 
non. Although automatic control of the 
Lepol semidry process kiln plant was 
difficult, the control of several variables, 
such as primary and secondary air volumes 
and temperatures, kiln and grate tempera- 
tures, pressure balance between sections of 


261 


the grate, and kiln hood pressure, coupled 
with weight control of nodule input, made 
it possible to level off the factors affecting 
the equilibrium of the process. Dust collec- 
tors and precipitators throughout the plant 
helped to eliminate or minimize air pollu- 
tion. The final electrostatic precipitators in 
the stack were stainless steel with a total 
area of 23,000 square feet. 


TECHNOLOGY 


A nondestructive device for in-place test- 
ing of the compressive strength of concrete 
was being used on a trial basis in several 
parts of the United States. Metal probes in 
sets of three were driven into the actual 
concrete in place through metal templates 
by the use of precisely measured charges of 
powder. The depth of penetration could 
be calibrated to give direct readings on the 
compressive strength of the concrete. The 
findings of this probe method were com- 
pared with those of conventional destruc- 
tive core tests in the laboratory and were 
said to show a high degree of correlation. 
One advantage of probe-testing is the abil- 
ity to make rechecks on questionable find- 
ings. This is not possible with cylinder or 
core-testing because the cylinders are de- 
stroyed in the test. 

Another nondestructive testing device, 
marketed in the Netherlands, is based 
largely on the correlation existing between 
the speed of ultrasonic sound waves and 
the compressive strength of concrete.8 

A concrete-plastic combination with 
strength, durability, and water resistance 
said to exceed those of ordinary concrete 


was developed jointly by the Atomic 
Energy Commission and the Interior 
Department's Bureau of Reclamation. 


Ordinary hardened concrete was vacuum- 
soaked in a liquid monomer (the unpoly- 
merized form of a chemical compound) 
such as methyl methacrylate. This plastic 
was then hardened or polymerized by 
exposure to radiation from cobalt-60 for 
several hours. It could also be polymerized 
by a combination of heat and radiation or 
heat and a chemical catalyst. This polymer 
gave the concrete tensile and compressive 
strength 4 times greater than that of ordi- 
nary concrete, Its abrasion and cavitation 
resistance was 4 or 5 times greater than 
regular concrete. Water permeability was 
reduced to a negligible level. The weight 


of the polymerized concrete was increased 
by less than 7 percent. Colored dyes could 
also be injected at the same time to pro- 
duce an attractive and permanent finish 
requiring little maintenance. 

Concrete reinforced with short, randomly 
oriented, steel fibers was reported to have 
outstanding fatigue resistance and signifi- 
cantly improved  load-bearing capacity. 
This concrete, called Wirand, contains 
about 7 percent (by weight) of steel wires, 
in lengths about 100 times the diameter 
which ranges from 6 to 10 mils. The con- 
crete also exhibited good spall resistance. 

Construction of a 3-mile-long conveyor 
system to haul both shale and limestone 
from separate quarries to the Davenport, 
Calif., cement plant operated by Pacific 
Cement & Aggregates of San Francisco was 
started during 1969. Target date for com- 
pletion was March 1970. The new system 
transported ore at the rate of 100 tons per 
hour and carried the raw material from an 
altitude of 750 feet at the quarries to the 
oceanside plant site. It required only 100 
horsepower in total operating energy. The 
bulk of the conveyor system was to be 
completely enclosed in prestressed concrete 
housings designed to provide a minimum 
of contrast with the area's natural sur- 
roundings. The new conveyor system 
replaced a narrow-gage railroad hauling 
from older quarries. 

A major technological advance in con- 
crete construction could be expected from 
the use of an advanced method of post- 
tensioning of concrete structures. Some of 
the patent rights to the system were sold 
by E. I. du Pont de Nemours & Co., Inc.; 
these covered technical data concerning 
plastic- covered lubricated wire (PLW) and 
an anchoring system to be used primarily 


8 South African Mining Journal. Non-destructive 
A Tester. V. 80, No. 3991, Aug. 1, 1969, 
p. 263. 
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in the construction industry. The use of 
the PLW would permit post-tensioning of 
wire embedded in concrete structures, 
thereby prestressing the concrete. This was 
in line with the trend for prestressing and 
precasting of reinforced cement noticed in 
recent years. 


Three notable papers on dust control in 
the cement industry were presented during 
the year. The first, by E. Burke,® director 
of research, Associated Portland Cement 
Manufacturers, Ltd, was given at the Clean 
Air Conference organized by the National 
Society for Clean Air and held at East- 
bourne, England, during October 1969. 
The paper discussed briefly portland 
cement manufacture, processes used, var- 
ious points in the plant where dust issues 
were noted and the methods used to avoid 
this nuisance. The difficulties encountered 
in making dust collecting equipment work 
efficiently were touched upon, and methods 
of dust measurement were described. In 
addition, reference was made to the impli- 
cations of Britain's Clean Air Act, the 
requirements of the chief alkali inspector, 
and the cost of dust removal. 


The second paper was "Dust Control 
Techniques for a Portland Cement Plant," 
by Thomas L. McCubbin, application engi- 
neer, the Pangborn Corp. Hagerstown, 
Md.10 The third paper pointed out the 
many cost, legislative, and technical prob- 
lems involved in air pollution control in 
the cement industry.11 


The use of acidproof concrete to replace 
acid brick in the lining of a continuous 
pickling-line tank at the Yorkville, Ohio, 
plant of Wheeling-Pittsburgh Steel Corp. 
was recorded. The bricks in the tank (80 
feet long by 8 feet wide by 6 feet deep) 
were becoming worn because of the contin- 
ual washing by the 6 percent hydrochloric 
acid used to remove oxide scale from hot- 
rolled steel. Since the acid-proof cement 
could be poured, cast, or applied with 
pressure applicators, the tank was emptied 
on Saturday, and a crew immediately 
began applying the acidproof concrete. 
This provided a surface resistant to water, 
oil, electricity, most solvents, all acids 
except hydrofluoric, and temperatures up 
to 2,000“ F. Only 1 day was required for 
the concrete to set, so by Monday the tank 
was back in operation. This saved several 
days of downtime as well as several days' 
labor in bricklaying. 
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Increased emphasis was placed during 
1969 on reducing production and mainte- 
nance expenses. The wear and tear caused 
by friction is extremely high under the 
high heat and abrasive dust conditions of 
a cement plant; one plant reported success 
with the installation of a systematic lubri- 
cation system supplemented by centralized 
lubrication. 


The reduction in the cost of carrying 
large inventories by standardizing cement 
specifications and thus reducing the num- 
bers of grades of cement carried was pro- 
posed. Bureau of Public Roads studies 
indicated that there were 216 different 
coarse aggregate gradations for paving in 
the United States. In some cement plants, 
20 to 25 identifiable types of tested cement 
in separate silos were not uncommon, 
which caused a multiplication of costs for 
the plant and its customers. 


In another area, a major section of the 
Nation’s precast, prestressed concrete indus- 
try formed a consortium of companies to 
mass-produce standarized concrete building 
components to be marketed nationwide. 
The nonprofit corporation, formed by 41 
participating precast, prestressed concrete 
producers with 67 plants throughout the 
country, was to provide a program capable 
of delivering building components (a com- 
plete package of floors, roofs, exterior and 
interior walls, and structural systems) for 
multiunit housing and industrial and insti- 
tutional facilities. 


High-magnesia portland cements pre- 
pared in the laboratory from low-grade 
Indian limestones and containing as much 
as 15 percent magnesium oxide (MgO) 
could be made volume-stable by mixing 
the cements with suitable quantitites of an 
active silicate material such as pulverized 
fuel ash. These mixtures passed ASTM 
autoclave expansion tests and also pos- 
sessed adequate strengths to satisfy the 
Indian Government’s standards. Pulverized 
fuel ash from power stations at Delhi, 
Bokara, and Durgapur and powdered 
burnt clays were found to be very suitable 
additives. Granulated blast furnace slag 


? Burke, E. Dust Control in the Cement Industry. 
Cement, Lime, and Gravel, v. 44, No. 11, Novem- 
ber 1969, pp. 317-322. 

1? McCubbin, Thomas L. Dust Control Tech- 
niques for a Portland Cement Plant. Minerals 
Processing, v. 10, No. 5, Ga? 1969, pp. 24—25, 35. 

11 Hailstone, R. E. Air Pollution Control in the 
Cement Industry. Minerals Processing. V. 10, No. 
5, May 1969, pp. 11-15. 
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from the Rourkella Steel Plant was found 
to be unsatisfactory for the purpose of 
controlling the volume expansion of high- 
magnesia cements. This research could 
point the way for the use of both lower 
grade limestone and fly ash. 

The National Bureau of Standards pub- 
lished the results of a study on the effects 
of varying compositions on the shrinkage 
of cement.12 

An article from England noted many of 
the problems in the use of the electron 
probe for analyzing cement clinker and the 
areas of sulfate attack on concrete.13 

Another article reported that evolved-wa- 
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ter analysis, a thermal-analysis method, 
could be used to identify hydrates formed 
during the hydration of portland cement. 
The technique could be used quantita- 
tively and was not subject to some of the 
disadvantages of differential thermal analy- 
sis or thermogravimetric analysis. 1. 


12 Blaine, R. L., H. T. Arni, and D. N. Evans. 
Interrelations Between Cement and Concrete Prop- 
1 Part 4. NBS Bldg. Sci. Ser. 15, March 

969. 

13 Fletcher, K. E. Electron Probe Analysis of 
Silicate Building Materials. Chem. and Ind. 
(London), No. 38, Sept. 20, 1969, pp. 1325-1328. 

1* Forrester, J. A. Some Applications of Evolved 
Gas Analysis to the Study of Portland Cement. 
Chem. and Ind. (London), No. 36, Sept. 6, 1969, 
pp. 1244-1246. 
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Table 3.—Portland cement produced and shipped by plants in the United States,1 


by types 
Shipments 
Production 
Type and year Active (thousand Thousand Value 
plants 376-pound 376- Pound : 
barrels) barrels Total Average 
(thousands) per barrel 

coa use and moderate heat (types I and 

J ¹ 8 181 2 348, 665 352,431 $1,095,639 $3.11 

1 88 3183 ? 859,493 358 , 446 1,102,940 3.08 

LEE 4 186 2346,577 352,254 1,091,956 3.10 

KEE 3 180 2370, 358 373, 668 1,164,594 8.12 

) 8 178 2373, 317 384, 654 1,216,626 3.16 
High-early-strength (type III): 

EE 153 5 13,388 12,757 44, 621 3.50 

/// ecce ͤ vy y as 149 $14,550 12,955 44,828 3.46 

EE 145 5 12,899 12,188 42,453 3.48 

I))... i eles tes Oe 145 5 13,519 12,980 44,858 3.46 

TT EE 144 5 14,606 13,485 47,065 3.49 
Sulfate-resisting (type V): 

DULL eR nc LA LN 8 19 512 425 1,648 3.88 
KEE 18 540 482 1,796 3.73 
J)) 8 18 870 560 2,023 3.61 
JJJJJ•”ö§%» m.d mnmdw 86 21 1,630 1,437 4,957 3.45 
Jö. ¹· win K ĩ 20 2,476 2,033 7,452 3.67 

Oil-well 
BOG enr munaa te ee 13 1,645 1,613 5,571 3.45 
1966....... EE 14 2,172 2,006 6,954 3.47 
KENE 14 2,518 2,413 9,251 3.83 
AER 14 2,502 2,596 9,512 3.66 
1909. L ceu mouit a S 18 6 2,429 2,892 11,079 3.83 
White: 
19600556 uu ͤ ͥ ðo·w-w-w- 8 5 62,241 2,128 14,517 6.82 
1966 cei eh ͤꝶkf Ease eet 5 62,208 2,060 14,675 1.12 
ISO ncc A u S Lii ee Ep 6 6 2,244 2,092 13,928 6.66 
EE 6 62,242 2,200 15,159 6.89 
ee lee ð 7 62,127 1,928 12,945 6.71 
Portland-slag and portland pozzolan 
%%%;õĩ§Ä7[⁵?i fkm 88 6 7967 913 2, 878 3.15 
h)h%%;§ö k y Z ni m ta PE 35 7956 562 1,732 3.08 
1 36 818 780 2, 610 3.35 
EE 5 ; 444 454 1,607 3.54 
DDD 3 lacie ¼ q᷑ y dr a ot 5 290 386 1,187 3.08 
Miscellaneous: 8 
1 A 34 94,004 3,819 12,989 3.40 
JJ. ³¹ð¹ꝛ¹AA. Pepe dee egy ESO Se 39 94,713 4,183 14,336 3.43 
196722. Ste puk ³ꝛ¹¹¹ A EE 32 93,473 3,730 13,384 3.59 
// ĩͤ Ad EM Ee Z 43 94,214 4,113 14,837 3.61 
KI f.i ben ³ K 42 94,257 4,448 16,166 3.63 
Grand total: 
1900 A NOT 10 18] 371,422 374,086 1,177,863 3.15 
13ffffſſfk Eua 8 410 184 354,632 380,694 1,187,261 3.12 
%/%%%ͤ»—d ds .. md 8 10 11 188 369,399 374,017 1,175,605 3.14 
NOG .ꝙ0ñ1imrꝛꝛ 8 410 183 394,909 397,448 1,255,519 3.16 
J9ö§öÄöÜ ⅛êõv cae e 180 399, 602 409, 826 1,312, 520 3.20 


Includes Puerto Rico. 
2 Includes air-entrained portland cement as follows (in thousand 376-pound barrels): 1965 —46, 118; 1966— 
46,022; 1967 —43, 801; 1968—40, 608; 1969 — 39, 750. 
3 Includes 1 plant which received elinker from another source. 
4 Includes 2 plants which received clinker from other sources. 
5 Includes air-entrained portland cement as follows (in thousand 376-pound barrels): 1965— 2,6777; 1966— 
2,611; 1967 —2,218; 1968—2,049; 1969 —2, 644. 
6 Includes a small quantity of air-entrained portland cement. 
7 Includes air-entrained portland cement as follows (in thousand 376-pound barrels): 1965—none; 1966— 
392; 1967—167 ; 1968—60; 1969—67. 
8 Includes hydroplastic, plastic, and waterproofed cements. 
9 Includes air-entrained portland cement as follows (in thousand 376-pound barrels): 1965—775; 1966—853; 
1967—434; 1968— 523; 1969—283. 
10 Includes number of plants making air-entrained portland cement as follows: 1965—132; 1966—129; 1967— 
132; 1968—125; 1969— 125. 
11 Includes 3 plants which received clinker from other sources. 
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Table 4.—Destinations of shipments of all types of finished portland and 
high-early-strength cement from mills in the United States, by States 


(Thousand 376-pound barrels) 


Finished portland High-early-strength 
Destination — I —  nƏ 

1968 1969 1968 1969 
NEEN EE 6,178 6,043 82 76 
C6iIiñ;ĩ?ßẽ0z ͤ ( Qn. W W W W 
II ³Ü A u é 4,440 5,177 W w 
Arkansas eelere ee 4,437 3,845 13 10 
Northern California 17,783 17,733 36 72 
Southern California 26,848 28,782 226 121 
S õô⁰¹ ⁵²wwl % mt 8 4, 936 4,817 17 17 
Connecticut ! ³oð—¹ð¹ i y LL Ma 4,313 4,425 329 378 
Delaware lu ³⁰ ]ðÜs cure he ele yee 1,010 939 44 35 

District of Columbia 2. 2. LLL LLL Lllllll2- 1,427 1,048 16 

. ͥ%]]ĩÜĩ550tv EE 16,292 18,703 975 1,201 
Georpla- o cd AW RUE „784 10, 880 237 207 
II ͤ˙²˙ cmn 8 1, 885 2,9004  — ` ë Vanina 
EE EE 1,730 2,534 60 75 
EIERE alu e ces a EE e 20,885 19,581 566 606 
iii E D Uc 10,213 9,510 373 367 
OW S S ee eer, 8,096 8,865 97 83 
Kansas u sss usis ul ss eege D S T DS 5,729 5,656 57 65 
OR AE 7,250 5, 804 131 138 
i ðWüſſſſ ⁰k 8 12, 545 11,699 122 41 
Main. sueco i :..:. ¾˙ ... 1,017 1,069 59 77 
E111 ͥ % ³¹Ü.u m k-— eee 6,438 7,230 318 399 
Massachusetts !__________-_-_------------------------ 6 , 547 6,952 478 493 
Hein ³ð ĩð 16,158 16,459 920 898 
Min; „764 9,150 395 332 
,, - ------------------------------------=- 4,371 4,427 12 22 
Missouri EE 9,709 9,577 229 267 
Montaña EE 1,483 2,077 16 13 
o Ue ³ ⁰¶⁰ðyd eatis E I a el 4,370 4,525 153 163 
N ²⁰—wꝛ ⅛ ¹muſ dd ͤku: A LA DS Lu 1, 350 1, 683 5 9 
Ne y 1,037 992 73 68 
New Jersey K:: ese ete eG Vee eed 10,319 10,963 466 513 
New ee ⁰ 2,851 2,273 121 149 
New kk ³⅛ V ⁰ a a 17,691 17, 626 1,005 1,145 
North Carolinas —:— 7,383 8,526 301 254 
North-Dakota. ß yumuu Su us SGN 922 1,216 48 22 
) QNS ³⁰ ee 8 20,013 20,242 487 499 
Gaal. ⁵ ⁵ ³ m EE LL E a i 7,282 53 49 
)) ] ³¹Üéꝗñlſſdddddddßddddd y CO ee ee 3,622 3,645 100 98 
Eastern Pennsylvania 11,164 12,460 449 483 
Western Pennsylvania. ___----.-.--------------------- 7,301 7,357 218 267 
Rhode Island ¶ôAiiiiͥliAiAA m0: 8 1,091 1,031 123 138 
South Carolina- ----------------------------------- 4,041 4,297 182 211 
South Dako... 1,543 1,341 67 54 
RK E EE 7,230 7,231 206 226 
Texas. eet oie Sa ew cs i 8 28, 356 30,051 1,498 1,547 

PE ze bo eesti ete eee et S S eee lia : 2,44 6 
Vermont ee ee d LL E 723 692 61 59 
ViIpinig 2 ERN TT᷑Tũðͤ 8 8,921 9,117 403 367 
rr 8 6, 686 6,125 652 621 
West. Virginia ]³·;w2A ³⁰ ¹ mw ⁰⁰wm.r. 8 2, 597 2,501 34 12 
Wies 8 8,967 9,611 349 375 
WYOMING ſßu!‚. eee 978 915 5 2 
Total United States 387,472 399, 709 12,916 13,393 
Other countries 29,976 10,117 3 64 92 
Total shipped from cement plants. ............... 397,448 409, 826 12,980 13,485 


W Withheld to avoid disclosing individual company confidential data; included with “Other countries." 

1 Noncement producer. 

? Direct shipments by producers to foreign countries, the State of Alaska, and to Puerto Rico, including 
distribution from Puerto Rican mills. 

3 Direct shipments by producers to other countries and the States of Alaska and Arizona. 
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Table 5.—Portland-cement-manufacturing capacity of the United States, 1 by districts 


s ad Dec. 31 
(t 


ousand 876- Percent utilized 
District pound barrels) ? 

1968 1969 1968 1969 
New York, Maine. `. 2-2 LLL cllc sss sess 22222 84,192 84,308 88.9 80.8 
Eastern Dennsvlvanig -22-2-2222 22aaaaaaennenannMnnnMnMMM 37,392 37, 708 86. 0 88.4 
Western Pennsylvania.. 13,847 18,990 85.1 88.2 
Maryland, West Virginia............. 2 2 LLL c Lll .. l2. 12,650 12,650 88.7 89.2 
qo Treo 8 19,744 19,792 75.4 74.2 
Mien 39, 162 39,162 79.7 78.0 
Indiana, Kentucky, Wisconsin „ 23,193 25,190 82.6 74.3 
FI! ³o¹ y 11, 600 11,600 88.8 76.4 
Tennessee 10, 156 10, 156 84.5 86.7 
Virginia, North Carolina, South Carolina ---.------------ 16,900 15,200 74.1 78.0 
Georgia, Florida 18,856 18,856 69.8 15.5 
, ein sd . ei EA LR s 16,611 16,680 80.8 82.0 
Louisiana, Mississip piii 11,200 9,200 74.9 82.5 
Minnesota, South Dakota, Nebraska 9,099 9,206 79.1 76.4 
JJ/C00ö0õôĩ— f ß E 15,462 15,462 87. 6 88.1 
177 ¹wꝛyſſſ ⁰⁰⁰m y SSS a cR ss 29, 296 29,870 67.6 71.0 
ETT T. ⁵˙⅛˙«! «˙¾ũßẽww ð0 ᷑ ⁊ð v: v m T 12, 855 13,005 76.9 74.8 
Oklahoma, Arkansas 15, 500 15, 700 81.2 82.0 
EE 47,798 45,311 71.5 79.0 
Wyoming, Montana, Idando ... À. 5,100 5,300 74.9 88.8 
Colorado, Arizona, Utah, New Mexico 16,800 16,900 72.0 71.2 
Washington... EEN 8,200 8,200 77.2 77.1 
Oregon, Nevada 5,700 6,600 63.5 52.9 
Northern California 21,700 21,700 84.9 89.9 
Southern California... ...... . 2 LLL LLL cssc cs ss2 cssc 222 42,600 42,600 67.8 78.8 
e .. . a 2,70 2,700 64.9 77.8 
Puerto Hien... 10,750 10,750 883.0 88.2 
Total. ue tocum utet õ 0 6. Ld imet EEE 509,058 507, 286 77. 6 78.7 


1 Includes Puerto Rico. 
2 These capacities are estimates and/or approximations only, based upon the best information available 
from the companies operating each plant, but should not be taken as absolute values. 


Table 6.—Capacity of finished portland cement plants in the United States, I 
by processes 


Capacity, Dec. 31 2 Percent of 
Percent of total finished 
Process T housand Percent capacity utilized cement produced 

876-pound barrels of total 

1968 1969 1968 1969 1968 1969 1968 1969 

Wet 814,432 805,309 61.8 60.2 76.2 79.1 60.7 61.4 

REN 2e dette 194,626 201,977 88.2 89.8 79.8 78.3 89.3 88.6 

Total.. _ ` ` 509,058 507,286 100.0 100.0 77.6 78.7 100.0 100.0 


1 Includes Puerto Rico. : : . 
2 These capacities are estimates and/or approximations only, based upon the best information available from 
the companies operating each plant, but should not be taken as absolute values. 


Table 7.—Portland cement clinker produced and in stock at mills in the 
United States, 1 by process 


Number of Thousand 376-pound barrels 
plants ? ———————————— 
Process Production Stocks, Dec. 81 
1968 1969 1968 1969 1968 1969 
qp⁰¹˙¹¹ÜA˙¹Ü¹¼mĩ KK 2 a 115 113 243,391 245,285 11,654 10,396 
7/Üöĩ;¹iV ² ˙ . dendo i e cuc 68 68 154, 630 157, 040 10, 880 12, 806 
ff mp ³·ww eee 183 181 398,021 402, 275 22, 584 22, 702 


1 Includes Puerto Rico. 
2 2 plants received clinker from other sources. 
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Table 8.—Production and percentage of total output of portland cement in the 
United States,1 by raw materials used 


(Quantities in thousand 376-pound barrels) 


Cement rock and Limestone and clay Blast-furnace slag 
Year pure limestone or shale ° and limestone 


Quantity Percent Quantity Percent Quantity Percent 


Ee 84,360 22.7 266,148 71.7 20,914 5.6 
1960 ia ere 8 86,095 22.4 277,597 72.2 20,940 5.4 
JOB ce v curs 12,231 19.5 281,704 76.3 15,464 4.2 
heelen Ee 77, 556 19.6 304,861 77.2 12,492 3.2 
9... 8 68,699 17.2 318,462 79.7 12,441 3.1 


! Includes Puerto Rico. . 
2 Includes output of plants using marl and clay: 2 plants in 1965, 1966, and 1967; 1 plant in 1968 and 1969. 


Also includes output of plants using oystershell and clay; 11 plants in 1965, 1966, 1967, and 1969; 12 plants 
in 1968. 


Table 9.—Raw materials used in producing portland cement in the United States 1 
(Thousand short tons) 


Raw materials 1967 1968 1969 

Cement rock p. ĩo§V1iQ2AA.ͥ⁰¹5Ü¹iO¹1ͥ ei pui DM SL Su uu Lt ceu E 21,544 23,842 23,315 
Limestone (including oystershellß 2.2.22... lll ll... 80,013 83,751 84,202 
Marl. vue Au Ä. ͥ⁰ͥ⁰ ⁵²- . ĩð2d 8 716 701 716 
Clay and shale ios. fae ok ðy dz y mm eS Du RE 11,574 12,489 12,190 
Hlast-[urnace.slag «elu k rice ELE 1,058 1,086 959 
Lage EE 3,264 r 9,465 3,569 
Sand and sandstone (including silica and quartz 1,467 1,807 1,979 
Iron materiai? ði co L y 658 652 783 
Miscellaneous .. S T ðͤ2 b ĩ ͤ SPA RC 225 r 343 369 

Total. ³ T slm a u euer Ne tu mA Du aL IE me 120,519 r128,136 128,082 


r Revised. 

1 Includes Puerto Rico. 

2 Includes fuller's earth, diaspore, and kaolin. 

3 [Includes iron ore, pyrite cinders and ore, and mill scale. 

4 Includes fluorspar, pumicite, calcium chloride, soda ash, borax, staurolite, fly ash, bauxite, diatomite, 
air-entraining compounds, and grinding aids. 


Table 10.—Finished portland cement produced and fuel consumed by the 
portland-cement industry in the United States, 1 by processes 


Finished cement produced Fuel consumed 
Year and Thousand Coal Cil Natural gas 
process Plants 376-pound Percent (thousand (thousand (thousand 
barrels of total short tons) 42-gallon cubic feet) 
barrels) 
1968: 
Wet. 114 239, 572 60.7 5,551 4,987 140,436,474 
Dry 69 155,337 39.3 3,957 775 62, 484, 980 
Total... 183 394,909 100.0 29,508 5,762 202,921, 454 
1969: . irri ee eee 
Wet. 113 245,344 61.4 5,553 5,093 139,337,469 
Dry.....- 68 154,258 38.6 3,630 981 61,957,351 
Total... 181 399 , 602 100.0 3 9,183 6,074 201,294,820 


1 Includes Puerto Rico. 
2 Comprises 180,631 tons of anthracite and 9, 327, 170 tons of bituminous coal. 
3 Comprises 212,522 tons of anthracite and 8, 970, 260 tons of bituminous coal. 
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Table 11.—Portland cement produced in the United States,1 by kinds of fuel 


Finished cement produced Fuel consumed 
Year and fuel Thousand Coal Oil Natural gas 
Plants 376-pound Percent (thousand (thousand (thousand 
barrels of total short tons) 42-gallon cubic feet) 
barrels) 
1968: 
COB u u oce etaed 60 2132,741 33.6 06 35 asusa dëses ANE 
f ³˙ A8 7 216,948 43 33 3820 888 
Natural gas. 48 ? 91,956 2333 GmEi$umn 107,305,858 
Coal and oil 18 41,373 10.5 1,772 1.140. ao 
Coal and natural gas 24 48,013 12.1 15,1877 32, 585, 007 
Oil and natural gas 19 48,172 1222 —-r 1,162 47,883,961 
Coal, oil, and natural gas 7 15,706 4.0 168 140 15,146,628 
Ttall EE 183 394 ,909 100.0 39,508 5,762 202,921,454 
1969: 

So ( . 60 2 129,950 32.5 6.191. —Á— Lan ë Es 
)!; ee ER 8 218,677 dal C ls 3,3388 
Natural gas... 48 2101, 714 2550: 222 111,505,526 
Coal and ol, 18 42,805 10.5 1,770 1.250. lieu 
Coal and natural gas 21 44,309 11.1 988 ..... 81,949,593 
Oil and natural gas 18 42, 894 IOT — 2e 1,338 42, 504, 578 
Coal, oil, and natural gas 8 19,253 4.8 236 143 15,335,123 
Total: r % — —ůͤax 888 181 399,602 100.0 49,183 6,074 201,294,820 


1 Includes Puerto Rico. 
2 Average consumption of fuel per barrel of cement produced as follows: 1968—-coal, 96.1 pounds; oil, 0.19589 
us natural gas, 1,167 cubic feet; 1969—coal, 95.3 pounds; oil, 0.1783 barrels; natural gas, 1,096 cubic 
eet. 
3 Comprises 180,631 tons of anthracite and 9,327,170 tons of bituminous coal. 
4 Comprises 212,522 tons of anthracite and 8,970,260 tons of bituminous coal. 


Table 12.—Electric energy used at portland cement plants in the United States, 
by processes 


Electric energy used Average 
Finished electric 
Generated at cement energy used 
portland cement Purchased Total produced per barrel 
Year and process plants (thousand of cement 
—— — — —— n  —— 376-pound ` produced 
Active Million Active Million Million barrels) (kilowatt- 
plants kilowatt- plants  kilowatt- kilowatt- Percent hours) 
hours hours hours 
1968: 
Wett deg 11 337 109 5,284 5,621 58.7 239,572 23.4 
Dry: ee 15 873 68 3,075 3,948 41.3 155,337 25.4 
TDot al 26 1,210 177 8,359 9,569 100.0 394,909 24.2 
Percent of total 
electric energy 
use sa 12.6 "€ 87.4 100.0 n act 
1969: 
Weber gege 9 265 109 5,508 5,773 59.3 245, 344 23.5 
EN 13 182 68 3,180 3,962 40.7 154,258 25.7 
Total 22 1,047 177 8,688 9,735 100.0 399,602 24.4 


Percent of total 
electric energy 


used ae 10.8 Bau 89.2 100.0 dew — Malas Dica 


1 Includes Puerto Rico. 
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Table 13.—Shipments of portland cement from mills in the United States,1 
in bulk and in containers, by types of carriers 


In bulk In paper bags ? Total shipments 
Year and type of carrier Thousand Thousand Thousand 
876-pound Percent 376-pound Percent 376-pound Percent 
barrels barrels barrels 
1968: 
TUCK os lus solus eae 252,565 70.4 31,722 82.3 284,287 71.5 
Railroad. ..................- 94,654 26.4 6,538 17.0 101,192 25.5 
Boat- ocea aa E 11,650 3.2 267 .T 11,917 8.0 
Used at the plant DO . dewey Ol ucl 52 
! oes 358,919 100. 0 38, 529 100. 0 397, 448 100. 0 
Percent of total. ........... 90.8 OIT. ii: 100.0 3 ..... 
1969: v 
Trück:2 Ü c us 271,886 78.4 33,501 84.9 805,387 74.5 
Railroad. ..................- 85,520 23.1 5,848 14.8 91,368 22.3 
2 MEE 12,932 3.5 97 3 13 ,029 3.2 
Used at the plant............. dV — —8D• D. oc 42 ....- 
NO NEE 370,37 100. 0 39,451 100.0 409,826 100.0 
Percent of total... ......... 90.44 9.666666 100.0 


1 Includes Puerto Rico. 
à 2 Clon bags and other containers included with paper bags to avoid disclosing indiviudal company confi- 
ential data. 
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Table 16.—Shipments of prepared masonry cement from mills in the United States, 


by States 
(Thousand 280-pound barrels) 
Destination 1968 1969 
Alabama.. Scie Sa ae ee i ec ð-dſd ð - ⅛ y 648 597 
EE ee eee ea ee cag a w w 
et ne EREECHEN W W. 
JJ EENEG 359 843 
CJJJ%éôöÄ5¹ß d ̃¼ Er : ß: . y 198 223 
Gönnen ð d hate 8 144 145 
1 ͥ A” Lad ͥ ³Ü w ] ³hꝛ ð u =v᷑„=b K md AS CPD duc 57 59 
District of Columbia . V eee eee ee 249 257 
r pf Ee 1,438 1,703 
)) ⁵ðÄ] EDENDUM NN 1,393 1,367 
III EE ð K ⁰⁰ʒ AA 11 13 
JJJ/%%%/%%0Cù§˙·˙—ͤ ⁵? ⁵ ]] . ißr⁵ dddßßßßß x yd 8 795 805 
Indiahas' o i 845 805 
e EENEG 195 188 
Papas mc c con u ⅛ ]ꝰ f ̃̃ p 185 172 
Kentucky ss EE EE NS umaku S tree SAW D RC ERE CI 632 634 
BET EES 480 440 
Ch EE EE EE 84 80 
Marylatid. nno dicc /ͤ%ꝗ —⁰¹iw¹ö y fue Z er S DS NSS ⁰ydt y mae Mi 686 687 
Massachusetts 2 eee ee eee eee 312 315 
MIChigan uo ee ]⁰¹ EE 1,433 1,380 
LST d EES 455 451 
MISSISSID EE 393 407 
J7JJ77//ͤĩ ↄðꝗGſͥ o·Wow˙ ¼⁊ꝓß ͥꝗęꝶmm aer EENS 235 229 
I ⁰àſ’Gnfdfdfffkfffkdk ]?ͤßĩr-!w yyy y 15 14 
fh ³o AA AT ˙ð· dg a nen E M Q E e Ra ld 79 74 
Nevada. - ro A PO ee San ͥ ͤ ͤ [(ͤ'ͥGͥg dd ETE 8 W W 
New Hampshifgl. 2 os. ee ee cd A 78 92 
NewalerRoy e SS tiyu ͥͥydd EE 623 600 
New Mexico. EENEG 78 73 
jo VEN ENEE EES 898 872 
err EES 1,558 1,544 
North Dakota 1___ 48 50 
Oh. leen ua Me eR E s EL K m EM Scat a 1,581 1, 632 
G a ⁰ ¹¹-m w yd 290 304 
DEE ĩðéͤ / ĩð2ds, y v n S Nel 2 2 
Een , ⏑ ² ᷑ ⁵ ] ] / ſ mts x ewe foes 460 466 
Western Pennsylvania____________._-_____--_--_--__-_..--_-_---- eee eee eee 646 638 
ERhode-Islang EE as SS v E LA ete s 29 28 
South Carolina ou L au ook EE E eo oe ptio d eae a eee pele s. 934 916 
South Dakota. ENEE Ee 50 45 
'ennessee_________ dece de EE 8 1,189 1,087 
NK d DEER E EE 1,000 1,039 
IER ˙à˙ ⁵ↄð ds kßdddfdddddßdddſſ ⁰⁰ʒtmm d ⁰; y 6 5 
Vermont ß ß ß E D San m Uyu O z Et 45 43 
F erc E eet kt ⁰⁰ʒ ee len LE 1,296 1,317 
VE RT DEE m 61 60 
West Virgis MEER 246 233 
„ . dd . 486 469 
ð ceres ö ⁊ðᷣͤ c a E ecole try eo EE Goo 14 15 
Total United States: eeee eet 22,939 22,918 
Other countries 2_______ v ee ee oe ee ee ⅛ð ͤ 8 228 335 
Total shipped from cement plants- -------------2--2---------------------- 23,167 23,253 


W Withheld to avoid disclosing individual company confidential data; included with “Other countries.“ 


! Noncement producer. 
? Direct shipments by producers to other countries and to Alaska, Arizona, and Nevada. 


Table 17.—Average mill value in bulk, of cement in the United States ! 


(Per barrel) 


Portland Naturalslag, Prepared masonry All classes of 
Year cement ? and hydraulic- cement 3 4 cement 5 
lime cements ? 
e su po ae cese Bir $3.15 $3.68 $2.84 $3.18 
I K 3.12 3.74 2. 83 3.15 
JV shiu Le In nama 3.14 3.87 2.86 8.17 
1968. SZ y Su eeu: 3.16 3.86 2.86 3.19 
19697 MT Z ass 3.20 3.84 2.97 3.23 


1 Includes Puerto Rico. 

2 376-pound barrels. 

3 Includes masonry cements made at portland, natural, and slag cement plants. 
4 280-pound barrels. 

5 Includes masonry cement converted to 376-pound barrels. 
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Table 18.—U.S. exports of hydraulic cement by countries 
(Thousand 376-pound barrels and thousand dollars) 


1967 1968 1969 
Destination 

Quantity Value Quantity Value Quantity Value 

Australld. . dmedl ALES ES 9 $73 9 $56 5 $215 
Bahamas cscs ees ( ¿S 45 233 44 217 32 220 
Belgium-Luxembourg. ...............- 1 20 7 55 5 53 
Boll... EnS 4 34 4 42 2 14 
BF!!! 8 11 (1) 4 3 43 
ana. ⅛ðùâ weed 349 1,426 222 1,117 200 980 
(Chile oo ceu re Se cee ecd ek 28 3 40 5 79 
Dominican Republic 6 25 8 17 1 21 
EGUuBdOr.. s. 2 u. eee cues 1 9 1 13 3 25 
Fefe 8 5 21 1 10 1 13 
French West Indies. 210 509 849 660 79 146 
Germany, Weste 1 31 4 80 4 84 
Guatemallaaagmga (1) 11 (1) 1 1 5 
7%õö’ẽmA 5⅛²mHqↄ A (1) 3 2 5 10 20 
Indonesia 6 60 16 149 10 91 
J7öÜ˙¹t ³ EE 5 40 1 5 (1) 1 
CG Z el ceo .... 8 23 2 16 1 5 
JAMACA c enoun a a 5 28 5 28 5 42 
Japani- occu EE ege SEN 8 155 11 197 11 228 
Leeward and Windward Islands 104 273 130 271 130 266 

ET EE 5 22 1 4 (1) (1) 
ae, e SSS Sus 87 260 17 197 24 190 
Mosambioue Sr BS (1) 1 2 11 
Netherlands. _ 1 8 2 10 2 12 
Netherlands Antilles. 29 75 42 87 12 27 
Niesrg unn 88 3 17 10 67 4 33 
II;ö;Ü;OO mm 8 67 463 (1) 4 (1) 4 
Nh o»ðßũ A 4 16 12 3 13 
Pakistan___ y y y 88 1 5 (1) 1 haz * 
PaB8081 2 r² ̃ ³ ⁰ͤ. P] 052€ 5 cee 3 20 1 16 1 20 
SE A WEE 15 103 6 42 1 15 
Philippines. . u. 2. cu OS L... 8 52 3 29 1 12 
Dri ROM 7 49 3 14 3 15 
U ͥ u Su ee chs equa e (1) 1 (1) 1 1 6 
LGE TE EEN 1 16 1 22 2 19 
KEE 2 26 1 20 UN NR 
Trinidad and Tobago 4 83 (1) 2 (1) 1 
United Kingdom 2 8 5 23 2 9 
Venezuela_____ 2 13 2 27 5 47 
Vietnam, South. .....................- 2 10 (1) 1 (1) 4 
Western Africa, n.e.c___..----.-------- 3 28 4 38 (1) 2 
f ³² 5A secede AL 19 164 27 283 18 198 
S/ ³o·üAwàmAA sanduan anaa 980 4,452 942 3, 884 589 3,189 
1 Less than 1⁄4 unit. 
Table 19.—U.S. imports for consumption of cement 
(Thousand 376-pound barrels and thousand dollars) 
Roman, portland, Hydraulic White nonstaining 
and other cement portland cement Total 
Year hydraulic cement clinker 

Quantity Value Quantity Value Quantity Value Quantity Value 
EE 5,591 $13,058 $757 187 $883 5,913 $14,698 
19888 ee ce r6,922 16, 103 215 1,033 17,289 117,378 
1969... 8 8,612 21,833 1,641 467 1,402 9,687 24,376 


r Revised. 
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Table 20.—U.S. imports for consumption of hydraulic cement in 1969, 
by countries and customs districts ! 


(Thousand 376-pound barrels and thousand dollars) 


Quantity Value Quantity Value 


Country: Customs district—Continued: 
Bahamasss s 3,943 39, 826 Great Falls 19 $69 
Belgium-Luxembourg. ..... 87 165 Honolulu. ................ 384 1,054 
Canada. ................. 2,699 1,256 Houston 5 29 
Colombia 508 990 Laredo... --------------- 3 15 
Denmark................. 9 49 Los Angeles 13 59 
(EE 4 25 Mann 8 2,028 4,879 
Germany, West... 17 179 Milwaukee (2) (2) 
BEE ee 409 1,155 Mobile- ------------------ (2) (2) 
Mexico__ «§Üð„»§ ĩ⅛ð ðͤ 4 16 New Orleans 
NOrwa ð v ĩð oie 1,637 3,207 New Vork 1,237 2,601 
United Kingdom 839 1,318 Neorfeoll a 67 1,697 
Venezuela___ 67 105 Ogdens burg 328 1.189 
Vugoslavia _------------ 14 85 embuna. 144 557 
Philadelphia 26 209 
Total: ond e dau cU 9,687 24,376 Portland, Maine........... 17 66 
— —— — — Portland, Oreg............ 6 43 
Customs district St. Albans..............-. 170 649 
Anchorage 251 1,057 San Juan. --------------- 601 1.219 
Baltimore 15 31 Savannah. gg 6 36 
Bridge port 463 769 Seattle 345 957 
Buffalo... lcm 1,414 2,973 Tanpa..-.--...--2222-2 1,465 3,778 
Chicago.----------------- 9 340 — 
Detroit sl o mnc 34 83 Tol: u Ë ²˙¹AA es 9,687 24,376 
Galves ton 2 12 


! In 1968 Minerals Yearbook, Bahamas quantity should read 2,995—$7, 9285 N orfolk eustoms district should 
read quantity 363-8909. Grand total quantity should read 7 ,289—$17,3 
2 Less than V unit. 


Table 21.—World production of hydraulic cement, by countries 


(Thousand 376-pound barrels) 


Country ! 1967 
North America: 
HahamuüH-. cosmos DEDERIS aL sci E er 3,997 
Canada (sold or used by producers)... ............. 42, 503 
Costa Rica «⅛ !1 y EE 651 
Dominican Republic 1.817 
ES a g,, ketal u E ERE 838 
(/// EEN 1,313 
III! es ei ne ee a 234 
DD ——————ÓÓ—Á———— S 651 
SET Eon eat eua spe aqasha 1,963 
EE EE 32,798 
INICATA QU Ge . oe 563 
NK, VE 1,072 
Trinidad and Tobago „ 1,118 
United States (including Puerto Rico: 385,629 
South America: 
Aenti __ wee 20,809 
BON VIG no ccnl ⁵ð¾ͤvi 8 363 
Bray. Etage 37, 533 
Léi, TEE 7,237 
Go K ³ 12, 888 
e e e unkuy e 2,285 
LN WT 82 
Poru EE r 6,376 
Fe y 2, 438 
Venezuela oo cec ↄm:!„] m.. ukata S sqa Et 13, 173 
Europe: 
Albania ee r 1,289 
A USU SK re EO ⁰⁰⁰⁰ʒt S m mas 26,651 
Belgium.............- NEUEM “ 34,105 
Bulgaria... ß posee eee cee 19,678 
Czechoslovakia____._....._----------:------------ 37 , 856 
Dénmark ³˙¹.. de vr. ere EL 12, 892 
n . Eege E Z ze we 8,872 
RRE 142, '984 
Germany 
East EE 42,087 
Westl ated ſſͤ era eee es r 185,826 
(Én 20,217 
Hünpary. la ß se cee Z ass 15,564 
Iceland». — uude et Cu ec dame ete 680 
T1111 ͥͥͥͥͥͥ twos see enis. 7,606 
ENEE 153, 954 


See footnotes at end of table. 


e 1,172 


7,923 
173, 081 


12,189 


1,289 
26,710 
36,736 
20,815 

e 38,383 
14,568 
10,308 

161,402 


e 44,536 


7,460 
e 185,176 
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Table 21.—World production of hydraulic cement, by countries—Continued 
(Thousand 376-pound barrels) 


Country! 1967 1968 1969 p 
Europe - Continued 
Fenn)” L usu es Soares ead 1,072 1,119 1,213 
Netherlands 19, 625 20, 135 19,315 
Ce ͤ² —jꝛʃ—⸗ͤ K Du yT uma Z us 12,611 13,460 14,533 
BT WEE 65,269 67,976 69,324 
Por Tt BEE 10,671 10,905 11,931 
Rumania f du E LE EL SS 37,141 41,172 44,038 
Spain (includes Canary Islands) r 78,975 88,486 93,830 
eh EE r 22,866 22,924 23,194 
Switzerland... ca ocn nhu talem Ede hA ES 24,471 25,321 26,370 
LS: S: MEMENTO TED r 496,981 512,820 526,228 
United Kingdom. ......................--......- r 103,025 104,736 102,081 
TUPOSIBVIA. ß a Na AEE 19,414 22,063 23,229 
Africa: 
PC ³ A A AAA r 4,284 5,075 „ 65, 567 
JJ ³¹¹ E uta D LA ALERTE 1,635 1,826 2,244 
Congo (Kinshasa) 1,709 1,721 e 1,729 
dr Tee EE 879 1,020 973 
Gbana- ENEE NA 1,348 2,391 
Ir y 1,500 1,934 2.274 
EEN 2,807 3,194 3,827 
II ³˙j ae a umg. ad Bee SS NS ON e 586 e 586 
IöÜàte: r T DE Se "m e 298 
Malgasy Republic 352 398 440 
REN ENEE EE r 258 328 492 
Mee 8 5,028 5, 837 5, 426 
Mozambique €... e u L Se 1,453 1,688 1,817 
hi lo e ͤðͤ E E EE R 129 135 147 
e Kr EE 4,594 8,364 8,264 
P67! ꝛ²üqꝛ. ð ß. EE r 1,008 1,102 e 996 
South Africa, Republic ol, r 23,510 25,843 29,224 
et TN EE 779 850 1,026 
Ir ³·w y usa SSE r 861 914 990 
I a ³Ü·Ü.üw¹ y uw S za 2, 766 e 2,754 e 2,203 
FFF EE 815 914 996 
United Arab Republic HL“ r 16,138 18,436 21,172 
ZAUmbDIR: nai rc %⅛%½,˙—8—w-ͥy d eh tie e 1,758 1,641 1,219 
Asia: 
Afghanistan e e ee IE ame 762 e 1,037 e 1,055 
MIP oe es tei os See 8 r 762 938 1,172 
/ ³ow-ww ⁰⁰ãy dm ones | 352 352 352 
/ ³·ðÜw9 ⁰ . amu Sy 1, 125 1,301 1,658 
China, mainland EE 46,880 52,740 58,600 
CVDFUSSS uL eeh e sa i UN 1,096 1,412 1,424 
Hong eggs 1,260 1,518 1,670 
Er EE ST 8 68,562 69,968 77,704 
Indonesia. Seeerei e 2,051 2,408 3,164 
Tanti ͤ 0 ꝛ i h E A 8,175 8,204 13,724 
Cf orca x etn E 8,204 8,204 8,204 
EE 4,71 e 7,032 e 7,618 
F Ee 201,939 281,333 301,122 
/ ͥ Lado uma umasa ees i 1,881 2, ; 
Korea: 
N urera ⁰·Ü AAA ³⁰¹ AAA EE E. 15, 236 15, 822 16, 408 
DOUI 2. io bee uad eu ð v ĩ 8 14,298 20,932 28,509 
BE EEN 5,954 5,309 7,348 
Ma ð⅛ðV ] ð K ĩ K 4,893 5,274 5,274 
Menge,. 8 293 440 703 
Pakistan L ur ³ AA anle ld Sima ss 11,943 14,281 15,816 
PhIDpDIDOS. ß ul Ee sets 12,376 15,025 17,287 
EE nes uus e 293 
Ryukyu Islands 879 r1,465 r1,758 
r . ß 1,893 42,994 e 3,223 
((( . d E E 2,760 3,323 8,651 
Syrian Arab Republic e... ........ 2222.2 l.l -- 3,516 3,575 8,604 
Taiwan MED T" 20,434 23,399 23,956 
Thailand. e eese due ums 10,179 13,859 14,082 
RI dE curb ³ĩð ⁵³⁵A ĩ s piece 24,899 27,735 33,959 
Vietnam: 
North, ß e de Coi r 4,395 2,930 2,930 
South E 1,061 850 1 , 447 
Oceania: 
rr lEbPgC ³ r 22,438 23,018 25, 257 
Ei Islands: Lu. ullu ⅛ cede seque 275 299 822 
New Zealand... ------------------------------- 4,770 4,471 4,706 
puo ic EE r 2,812,729 8,009,950 8,168,951 
e Estimate. p Preliminary. r Revised. NA Not available. 


1 Cape Verde Islands, Cuba, and Southern Rhodesia produce cement but production data are not available. 
? Production apparently started in 1969 rather than in 1967 as previously reported. 

3 Year ended March 20 of year following that stated. 

4 For the period Mar. 30, 1968, to Mar. 18, 1969. 

s Totals are of listed figures only. 


Chromium 


By John L. 


Increased prices for metallurgical-grade 
chromite and chromium alloys and a 
strong demand for chromium alloys, owing 
to increased production of alloy and stain- 
less steels, marked the year. Chromite im- 
ports for consumption failed to meet re- 


Morning ! 


quirements and the industrial inventory of 
chromite was drawn down, Government 
stockpile deliveries of chromite accounted 
for 27 percent of the metallurgical indus- 
try’s demand. 


Table 1.—Salient chromite statistics 


(Thousand short tons) 
1965 1966 1967 1968 1969 
United States: 

Ports 7 19 8 13 49 
Reexporta .-.-------------- 95 173 157 126 150 
Imports for consumption 1,518 1,864 1,240 1,084 1,106 
Consumption 1.584 1.461 1.355 1,316 1,411 
Stocks Dec. 31: Consumer 1,111 1,306 1,197 912 675 

World: Production..............- 5,301 4,843 5,041 5,336 5,635 
Legislation and Government Programs. stockpile sales of metallurgical-grade 


—On May 13, 1969, the Office of Emer- 
gency Preparedness (OEP) revised chro- 
mium conventional war stockpile objectives 
and subobjectives. The accompanying table 
indicates the new objectives and status of 
chromium Government stockpiles at year- 
end. The new lower objective for refracto- 
ry-grade chromite allowed the transfer of 
200,000 tons of chemical-grade chromite, 
back to the chemical-grade stockpile ac- 
count. The material had been assigned to 
fill the former refractory-grade objective. 
General Services Administration's (GSA) 


chromite, under Public Law 89-415 May 
11, 1966, total 865,192 tons, of which 
29,389 tons were delivered in 1966, 71,177 
tons in 1967, 134,574 tons in 1968, and 
242,430 tons in 1969, leaving a balance for 
future delivery of 387,622 tons. Repeated 
GSA stockpile offerings for chemical-grade 
chromite, under Public Law 89-247 Octo- 
ber 9, 1965, failed to generate interest in 
the earlier years, but in December 5,600 
tons were sold for metallurgical use. 


1Physical scientist, Division of Ferrous Metals. 


Table 2.—U.S. defense materials inventories and objectives 
(Thousand short tons) 


Inventory by program, Dec. 81, 1969 


Type of material Objective Defense 
Production Supple- 
National Adminis- mental Total 
stockpile tration stockpile 
Chromite, chemical: Stockpile grade 260 560 sd 684 1,244 
Chromite, refractory: 
Stockpile grade 400 1,047 TESA 180 1,227 
Nonstockpile grade. (1) ut o (1) 
Chromite, metallurgical: 
Stockpile grade.......................- 8,117 2 2,644 n 823 2,967 
Nonstockpile grade. ................... | ..... 901 Ep 901 
Ferrochromium high-carbon: 
Stockpile grade 127 126 E 276 402 
Nonstockpile grade. ...................  ----- 1 Mee es 1 
Ferrochromium, low-carbon: 
Stockpile grade.......................- 54 107 E 191 298 
Nonstockpile. grade EE 20 Ge ans 20 
Ferrochromium-silicon: 
Stockpile ipie )) 8 39 25 Lr 81 56 
Nonstockpile graded- ... (1) des 2 8 
Chromium metal, Ke Stockpile grade. 6 A 8 4 
Chromium metal, aluminothermic: Stockpile 
grade EENEG Se 4 4 
1 Less than 14 unit. 
? Includes 591, 126 short dry tons nonstockpile-grade material. 
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DOMESTIC PRODUCTION 


Domestic mine production of chromite 
ceased in 1961 when the last Government 
Defense Production Act contract was con- 
cluded. However, the United States in 1969 
continued to be the free world's leading 


Company 
Metallurgical ind 


chromite consumer in producing chromium 
alloys, refractories, and chemicals, The 


principal producers of these products were 
as follows: 


Plant 


Airco Alloys and Carbide Division, Air Reduction Co. 


Chromium Mining and Smelting Corp 
Foote Mineral Co.................. 


Interlake Steel Co 


Refractory industry: 


A. P. Green Refractory Coo 
The Babcock & Wilcox Coo 
Basic, Ine 
Corhart Refractories Co. Inc......... 
E. J. Lavino & Co. (Division of IMC) 
General Refractories COo ----- 


H. K. Porter Co., Ine 


Ohio Ferro-Alloys Cord 


Shieldalloy Cord 
Union Carbide Cord 


Calvert City, Ky. 
Niagara Falls, N.Y. 
Charleston, S.C. 
Woodstock, Tenn. 
Vancoram, Ohio 
Graham, W. Va. 
Beverly, Ohio 
Brilliant, Ohio 
Takoma, Wash. 
Newfield, N.J. 
Niagara Falls, N.Y. 
Marietta, Ohio 
Alloy, W. Va. 


Mexico, Mo. 

Augusta, Ga. 

Maple Grove, Ohio 
Buckhannon, W. Va. 
Louisville, Ky. 

Newark Calif. 
Plymouth Meeting, Pa. 
Baltimore, Md 

Lehi, Utah 

Pascagoula, Miss. 


Harbison-Walker Refractories Co. (Div. of Dresser 


Industries, Inc. ꝛ7777ꝛꝛꝛ 
Kaiser Aluminum & Chemical Corp. 


North American Refractories Co 
Ohio Fire Brick Co. ...............- 


Chemical industry: 


Allied Chemical Cord 
Diamond Shamrock Corp 


Hammond, Ind. 
Baltimore, Md. 
Moss Landing, Calif. 
Columbiana, Ohio 
Womelsdorf, Pa. 
Jackson, Ohio 


Baltimore, Md. 
Kearny, N.J. 
Painsville, Ohio 


Imperial Color & Chemical Department, Hercules, 


Glenns Falls, N.Y. 
Corpus Christi, Tex. 


CONSUMPTION AND USES 


Domestic consumption of 1,411,000 tons 
of chromite ore and concentrate containing 
about 439,000 tons of chromium was 7 per- 
cent higher than in 1968. Most of the in- 
crease occurred in the metallurgical indus- 
try and was due to the strong demand for 
chromium alloys in the steel industry. Of 
the total chromite consumed, the metal- 
lurgical industry used 64 percent, the re- 
fractory industry 21 percent, and the 
chemical industry 15 percent. 

The metallurgical industry consumed 
898,000 tons of chromite containing 302,000 
tons of chromium in producing 433,000 
tons of chromium ferroalloys and chro- 
mium metal. Of the 898,000 tons con- 
sumed, 780,000 tons averaging 50.6 percent 
chromic oxide (Cr2Os;) was classified by 


consumers as  metallurgical-grade ore; 
69,000 tons averaging 44.0 percent (Cr2O3) 
was classified as chemical-grade ore, and 
49,000 tons averaging 33.0 percent (Cr>Os) 
was classified as refractory-grade ore. More 
than 90 percent of the metallurgical-grade 
ore had a chromium-to-iron ratio of 3:1 
and over; 9.4 percent had a ratio between 
2:1 and 3:1, and less than 1.0 percent had 
a ratio of less than 2:1. 

Producers of chromite-bearing refracto- 
ries consumed 302,000 tons of ore contain- 
ing 70,000 tons of chromium. The chemi- 
cal industry consumed 211,000 tons of 
chromite containing 65,000 tons of chro- 
mium in producing 149,000 tons of chemi- 
cals (sodium bichromate equivalent). 

Air Reduction Co., Inc., announced that 


CHROMIUM 


negotiations were held with Puerto Rican 
authorities for the construction of a fer- 
roalloy plant to produce chromium, man- 
ganese, or silicon alloys. A two-furnace 
plant with a minimum capacity of 40,000 
kilowatts was planned. 

Union Carbide Corp. placed in operation 
a 30,000-kilowatt furnace for production of 
charge chromium at its Marietta, Ohio, fa- 
cility. The new furnace was reported to 
have 214 times the production capacity of 
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the unit replaced. Air pollution abatement 
equipment was an important part of the 
installation. 

Diamond Shamrock Corp. announced 
plans to construct a chromium chemical 
plant at Wilmington, N.C., to produce a 
full line of chromium products. Construc- 
tion was scheduled to begin early in 1970 
with completion early in 1971. The new 
plant will have greater capacity than the 
two older and less efficient plants it is re- 
placing. 


Table 3.—Consumption of chromite and tenor of ore used by primary consumer 
groups in the United States 
(Thousand short tons) 


Metallurgical Refractory Chemical Total 
industry industry industry 
Year 
Gross Average Gross Average Gross Average Gross Average 
weight Gratin weight Cr203 weight Cr:03 weight Gratin 
(percent) (percent) (percent) (percent) 
1965... --------- 907 49.8 460 84.7 217 45.0 1,584 44.8 
196 . 828 49.6 439 84.6 194 44.9 1,461 44.5 
7 A 866 49.7 310 34.0 179 45.2 1,855 45.5 
1968............--.- 804 49.7 811 84.1 202 45.1 1,916 45.4 
1909... sos 898 49.1 802 85.0 211 45.1 1,411 46.5 


Table 4.—Production, shipments, and stocks of chromium ferroalloys and 
chromium metal in 1969 


(Short tons) 
Production Producer 

Alloy Shipments stocks 
Gross Chromium Dec. 81 

weight content 
Low-carbon ferrochromium. ...................- 95,297 67,744 108,291 5,115 
High-carbon ferrochromium..................... 205,951 139,021 210,857 25, 575 
Ferrochromium sili eon 114,329 50,815 112,104 12,600 
Reie 17,895 183,787 18,987 1,898 
% poe eee eee eru 433,472 271,967 444, 789 44,688 


1 Includes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous 


chromium alloys. 
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STOCKS 


Chromite stocks in the three consuming 
industries once again decreased, thereby 
continuing the trend of the past 3 years. 
Although the refractory and chemical in- 
dustries inventory dropped 24 percent and 
31 percent, respectively, compared with 
1968, stocks appear more than adequate. 
The metallurgical industry chromite inven- 
tory at yearend dropped to a 3-month sup- 
ply based on 1969 consumption and reflects 
the continuation of economic sanctions 
against Southern  Rhodesia.  Producers' 
stocks of chromium alloys decreased more 
than 11,000 tons compared with 1968, but 
was offset by almost a similar quantity in 


inventory buildup in hands of consum.. 
Stocks of chromium chemicals (sodium 
bichromate equivalent) at producers’ 
plants increased from 8,150 tons in 1968 to 
8,279 tons in 1969. 


Table 6.—Consumers’ stocks of chromite, 


Dec. 31 
(Thousand short tons) 

Industry 1965 1966 1967 1968 1969 
Metallurgical... 448 468 459 :896 297 
Refractory..... 526 578 486 7:309 235 
Chemical...... 142 265 252 207 148 

Total... 1,111 1,806 1,197 +912 675 


r Revised. 
PRICES 

The price of metallurgical-grade chrom- published by Metals Week were as follows: 
ite rose for the third successive year as Cents per pound 
United Nations economic sanctions against chromium 
Southern Rhodesia remained in effect. Jan. 1, Dec. 31, 
Rhodesia was one of the principal sup- 1397 1969 
pliers of domestic requirements prior to High-carbon ferrochromium.. 20.1 21.7 
1967. Russi d Turkish ch š Low-carbon ferrochromium 

: arge chromium........... : š 

moved upward for 1970 delivery about $10 Se een 0 li 
per long ton. percent silicon). ---------- 19.0 20.6 

Along with increased chromite prices, nee ee poung 
chromium alloy prices were increased E 

` : Ferrochromium silicon (40—48 

quarterly during the year. Prices were also VV 12.5 14.35 
increased for delivery in the first quarter Electrolytic chromium metal. 96.0 101.0 
of 1970. Selected chromium alloy prices Herz chromium 99.0 99.0 


Table 7.—Price quotations for various grades of foreign chromite in 1969 


Cr203 Chromium-iron Price per long Price per long 

Source (percent) ratio ton, Jan. 1 ! ton, Dec. 31 1 

South Africa, Republic of (Transvaal). 44 | | .....- $19.00-321.50 $19.00-$21.50 
lll 88 48 3:1 37.50- 88.50 47.50- 58.50 
USS R eet eni dus 48 4:1 40.00- 42.00 50.00- 52.00 
LBE E E 54-56 4:1 45.20— 49.20 55. 20— 59.20 


1 Dry basis, subject to penalties if guarantees are not met, f. o.b. cars Atlantic ports. 


Source: Metals Week. 


FOREIGN TRADE 


Exports of chromite ore and concentrate 
jumped nearly fourfold compared with 
1968. Since there has been no domestic 
production of chromite since 1961, this 
material must be imported chromite that 
has been ground, blended, or otherwise 
processed for value added. Mexico, Canada, 
and Sweden received the majority of ship- 


ments. Reexports of chromite returned to 
the level of 1967 and were all to Canada 
and Mexico. 

Ferrochromium exports to 15 countries 
totaled 24,573 tons valued at nearly $5.7 
million. West Germany, the United King- 
dom, and Canada were the leading recipi- 
ents accounting for 83 percent of the total. 
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Chromium and chromium alloys 
(wrought or unwrought) and waste and 
scrap exports totaled 150 tons valued at 
$245,000. The majority of the shipments 
were to Canada, Italy, and France. 

Exports of nonpigment-grade chromium 
chemicals totaled 590 tons valued at 
$499,000. Canada, Mexico, and Denmark 
received most of the shipments. Exports of 
pigment-grade chromium chemicals totaled 
148 tons valued at $189,000. Of the 19 
countries receiving shipments, Canada ac- 
counted for 72 percent of the total. 


Table 8.—U.S. exports and reexports 
of chromite ore and concentrates 


(Thousand short tons and thousand dollars) 


Exports Reexports 
bé <= x= 
Quantity Value Quantity Value 
1967____ 8 $828 157 $5,422 
1968. 18 517 126 5,351 
1969. 49 1,915 150 5, 806 


Exports of sodium chromate and bichro- 
mate totaled 5,116 tons valued at nearly 
$1.3 million. Other than Canada (77 per- 
cent), most of the remaining shipments 
were to Latin American countries. 

Imports of chromite ore were about the 
same as in 1968, but were less than domes- 
tic consumption as stocks in the three con- 
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suming industries decreased. Metallurgical- 
grade over (46 percent Cr2O3) comprised 48 
percent of total imports; chemical-grade 
ore (40-46 percent Cr>Os) 27 percent, and 
refractory-grade ore (under 40 percent 
CrzOg) 25 percent. 

Imports of unwrought chromium, other 
than alloys, and waste and scrap totaled 
1,533 tons valued at $2.1 million. Japan 
and the United Kingdom were the princi- 
pal suppliers. Chromium carbide received 
from the United Kingdom and West Ger- 
many totaled 79 tons valued at $185,000. 

Imports of chromium-containing pig- 
ments were as follows: Chrome green, 79 
tons; chrome yellow, 3,560 tons; chromium 
oxide green, 747 tons; hydrated oxide 
green, 220 tons; molybdenum orange, 64 
tons; strontium chromate, 22 tons; and 
zinc yellow, 1,266 tons. Total value of 
these products was $2.6 million. Japan was 
the leading supplier, accounting for 65 
percent of total value. 

Imports of sodium bichromate and chro- 
mate totaled 6,469 tons, valued at $1.1 mil- 
lion. The U.S. S. R., Italy, Japan, and the Re- 
public of South Africa were the leading 
suppliers. Potassium chromate and dichro- 
mate imports totaled 105 tons valued at 


$13,000. 


Table 9.—U.S. imports for consumption of ferrochromium, by countries 


Low-carbon ferrochromium 
(less than 8 percent carbon) 


High-carbon ferrochromium 
(8 percent or more carbon) 


Year and country Short tons Value Short tons Value 
——————————————  (thou-  —————————————  (thou- 
Gross Chromium sands) Gross Chromium sands) 
weight content weight content 
1968: 
nds 8 1 Si — zn OC eee Le 
CO. L uD lp actos 8 2,945 1,714 634 53 86 $11 
Germany, West 6,444 r 4,850 1,827 2,962 1,601 887 
tele, i uu, Sezade ^ nre 1,102 716 175 
Japan u... soe Lus SSL am 477 814 127 1,778 1,196 297 
Norway ee 6,085 4,489 1,611 66 46 15 
South Africa, Republic of. 25, 250 16, 430 5, 903 1,745 954 198 
eder. ydo 6,5 , 846 1,802 1,158 680 156 
uk 8 3,814 2,851 T96 unisex 6 
Vugosla via 1,094 778 "oy EDS 
/ A Duy s 51,557 r35,773 12,958 8,259 5,229 1,239 
1969: 
CJ ONERE MODUM. ekono —— dix 587 417 80 
MCG soc se HELME ß 8 475 848 %%% ⁰⁰ és 
F ͥœ ² ͥ ⁰ ¶ͤ ˙ ¾mꝛmAꝛↄ ĩð e y m 8 2, 254 1,303 239 
Germany, Wet 9,009 7,054 1,474 1,924 1,285 896 
EE 1,102 71 179 
... ww cens ams mE 661 445 164 2,498 1,674 891 
Mozambique 560 380 J ë u —— nues 
Norway... . .. mu 8,044 2,118 788 884 680 169 
South Africa, Republic of 19,794 12,192 4,978 7,312 4,716 924 
Sede „80 , 865 T O98 cessos inne. exe 
ju 10) MT ek 4,947 8,456 1 213 dene ĩâ GODENE 
United Kingdom (1) (1) %%% 
Western Africa, n.e. e.. 2,257 1,514 D30. ku, Siew 00 xus 
Western Portuguese Africa, n.e.c... 539 366 JJ AA 
Total. culis eure 45,086 30,738 10, 640 16, 561 10,741 2,318 
r Revised. 


1 Less than Le unit. 
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Table 11.—U.S. import duties 


Tariff Rate of duty, 
classifi- Articles Jan. 1, 1970 ! 
cation 
CHROMIUM ORES AND METAL PRODUCTS 
601.15 Chromium ore k «k Free. 
607.30  Ferrochromium, less than 3 percent carbon- -----..------------------ 5.5 percent ad valorem. 
607.31 Ferrochromium, over 3 percent carbon... 0.625 cent per pound on 
chromium content. 
682.18 Unwrought chromium other than alloys; waste and scrap ?............. 7 percent ad valorem. 
CHROMIUM CHEMICALS AND RELATED PRODUCTS 
420.08 Potassium chromate and diehromate 2. l.l .l ll... 1.5 cents per pound. 
420.98 Sodium chromate and dichromallle kk 1.2 cents per pound. 
422.92 Chromium carbide. ................. -- LLL Lll c LLL ee eee 8.5 percent ad valorem. 
CHROMIUM PIGMENTS ; 
473.10 Chrome green... 7 percent ad valorem. 
413.12. Chrome rette Seeerei Do. 
473.14 Chromium oxide green__________. 2 LLL LL LLL eee eee Do. 
478.16 Hydrated chromium oxide green Do. 
473.18 Molybdenum orangne kk Do. 
473.19 Strontium chromate...............--. eee Do. 
479.20 Zine yellow s. ⅛ĩ⅛ͤ,y ðͤ y y d Do. 


1 Not applicable to Communist countries. 
2 Duty temporarily suspended on waste and serap. 


WORLD 


Afghanistan.—Two deposits of chromite 
in Afghanistan could be of economic im- 
portance. The Hesarak deposit of Nangar- 
har Province, about 70 miles southeast of 
Kabul, has been known for several years, 
but development has not been attempted. 
Preliminary reports describe the occurrence 
as containing good quality chromite in a 


REVIEW 


series of widespread pockets suitable to low 
cost open pit mining methods. The Mo- 
hammad Agah-Kulangar deposit in Logar 
Valley, Kabul Province, was investigated by 
the Bureau of Mines in 1949. The deposit 
occurs in an area of altered ultramafic 
rock in an area approximately 28 miles 
long by 12 miles wide. 


Table 12.—World production of chromite by countries 
(Short tons) 


Country 1 1967 1968 1969 » 
South America: Brazil r 16,562 18,774 18, 000 
Europe: 
KN ⁵ ꝗñ D :::. A r 360, 342 e 860,000 860,000 
Einland.-.l2.econeceec we Z y „037 39, 899 78,623 
GIOCO 2. cl nlasccclatxoecuv EE 18,200 e 14,000 83,000 
USSR? Ee 1,781,000 1, 820, 000 1,874,000 
XUgoRIBVIR. osa a n ee uma D 51,9 49, 43,4 
Africa: 
Malagasy Nepublll..... l. [B 49,355 
Rhodesia, Southern g 2222-22-22 L eee 850,000 420, 000 400, 000 
South Africa, Republic of... ......... 22... - . 1,266,615 1,270,667 1,320, 203 
S ⁰ AddddddddddddddddVd Q Sus zs ier r 27,600 4,300 , 000 
Asia: 
ES 24,037 27,672 25,951 
IndiB. õĩõĩĩ³˙ͤ -m0 n ⁰⁰⁰ 120, 740 226, 698 237, 000 
Irane ĩ¹ðw—1z-b , d ETT M r 120, 000 99,000 100, 000 
JJ ZAV r 49, 859 30, 745 32, 829 
Pakistan uu ⁰ꝙy d y 29,071 28, 683 29, 000 
e, ß . ZS 462, 694 446,282 517, 709 
EI ³⁰²˙¹ d 8 409, 108 459, 000 492, 000 
Oceania: 
e ß ße ua ene 154: geese ë Betton aes 
New Caledonia „„ re.. 
Wordt ul l. l UU UL U SLOOSO OS SSS r5,041,371 5,835,611 5,635,138 


e Estimate. p Preliminary. r Re 


vised. 
1 Chromite is also produced in Bulgaria, Colombia, Cuba, Rumania, North Korea, and North Vietnam but 


no data are available. 


? Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 


3 Total is of listed figures only. 
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Finland.—In its first full year of opera- 
tion, Outokumpu Oy mined 233,574 tons 
of crude ore, beneficiated 203,458 tons, and 
produced 78,623 tons of chromite concen- 
trate, The associated ferroalloy plant pro- 
duced 28,515 tons of charge chromium. 
Metall und Rohstoff AG (Lissauer group) 
signed a contract with Outokumpu Oy 
early in the year to market Outokumpu's 
chromium alloy output worldwide. 


Greece.—Aspioti-Elka Chrome Mines 
Ltd. reopened its mine at Skoumtsa, in the 
Kozani district, which has been closed 
since 1966. Production of metallurgical 
grade chromite was expected to reach an 
annual rate of 15,000 tons during the year. 


India.—Production of  ferrochromium 
during 1968 totaled about 1,650 tons with 
Mysore Iron and Steel Works accounting 
for 1,500 tons. The balance was produced 
by R. Sen & Company, Electric Control 
Gear (P) Ltd., and Mehra Ferroalloys. 
The Indian chromium chemical industry 
with an installed capacity of about 8,000 
tons of bichromate capacity consumed 
about 12,000 tons of chromite; the refrac- 
tory industry utilized about 38,000 tons. 


The Orissa State Industrial Development 
Corp. of India planned to initiate opera- 
tion of a 10,000-ton-per-year furnace to 
produce ferrochromium during the last 
quarter of the year. 


Japan.—The Japanese ferroalloy indus- 
try continued to expand to keep pace with 
the growth in its steel industry. It was es- 
timated that 825,000 tons of chromite 
would be required for Japan's 1970 finan- 
cial year. With the growth of the ferroal- 
. loy industry during the past 15 years, 
many small furnaces have been retired in 
favor of larger furnace installations of 
20,000-30,000 kilo-volt-amperes. In addi- 
tion, some producers have become inte- 
grated with the steel industry. Nisshin 
Steel, Japan's largest stainless steel produ- 
cer, planned to receive molten ferrochrom- 
ium from its neighbor Showa Denko Co., 
Ltd. 

Malagasy Republic.—Compagnie Miniére 
d'Andriamena (COMINA) placed in opera- 
tion a new facility to produce 120,000 tons 
of chromite annually. Mining plans call 
for the removal of 552,000 tons of overbur- 
den per year to recover 192,000 tons of 
crude ore averaging 41 percent Cr>Os. After 
beneficiation, 120,000 tons of 51 percent 
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CrO; concentrate will be available for ex- 
port to France. About 20 percent will be 
available for reexport to third countries. 


Philippines.—Of the total chromite pro- 
duced in the Philippines, refractory-grade 
chromite accounted for 76 percent and me- 
tallurgical-grade, 24 percent. Exports of re- 
fractory-grade chromite totaled 419,284 
tons, of which the United States received 
46 percent; United Kingdom, 22 percent; 
Japan, 12 percent; Canada, 7 percent, and 
eight other countries, 13 percent. Japan re- 
ceived all of the 133,245 tons of metallurg- 
ical-grade chromite exported. 


South Africa.—Production of chromite 
in South Africa totaled 1,320,203 tons, 24 
percent of which was less than 44 percent 
Cr>Os; 67 percent, 44 to 48 percent CrzOs: 
and 9 percent, over 48 percent Cr>Os. Local 
sales accounted for 285,305 tons, and the 
balance was available for export. 


The Swartkop Mine of Chrome Mines of 
South Africa Ltd. (CHROMSA), jointly 
owned by Union Corporation Ltd. and Af- 
rican Mining Trust, has an annual capac- 
ity of 280,000 tons of chromite. Five seams 
can be mined, and mine operations are 
flexible enough to allow switching men 
and equipment from area to area without 
loss of efficiency. Mining from the various 
seams together with two concentrating 
plants allows the production of a wide 
range of ores and concentrate ranging from 
plus 50 percent Cr9Os to 41 percent Cr>Os, 
with chromium-to-iron ratios ranging from 
2.25:1 down to 1.5:1. 


Anglovaals’ Associated Manganese Mines 
of South Africa Ltd. and United States Steel 
Corp. planned construction of a ferrochro- 
mium plant at Fairview, in the Sekukuniland 
border area in Eastern Transvaal. The 
plant, scheduled to begin operation in 
1971, will produce chromium-bearing in- 
gots and chromium alloys from ore mined 
in Sekukuniland and at Zeerust. 

Albright & Wilson Ltd. (British) ac- 
quired a 50-percent interest in Chrome 
Chemicals (South Africa) Pvt. Ltd. from 
Farbenfabriken Bayer A. G. Both A&W 
and Bayer are producers of chromium 
chemicals. Chrome Chemicals plans to 
modernize and expand its plant, which 
now has a capacity of 10,000 tons of so- 
dium dichromate equivalent per year. 


Turkey.—The Turkish chromite indus- 
try, which at one time consisted of 30 ac- 
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tive companies producing from 100 mines, 
has been reduced to three large and sev- 
eral small private producers and Etibank. 
High-grade reserves have been decreasing, 
and about 50 percent of exports are in the 
form of concentrate. Increasing costs, par- 
ticularly for labor and transportation, have 
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contributed to the closure of small mines 
located in the interior of the country. 
Yugoslavia.—A new beneficiating plant 
with an annual capacity of 120,000 tons 
was constructed for the Radusa chromite 
mine. An American firm supplied the 
equipment for the fully automated plant. 


TECHNOLOGY 


Air Reduction Co. introduced a new re- 
fining process for the production of var- 
ious types of steel, including a new series 
of straight chromium stainless steels com- 
parable to nickel-chromium stainless, but 
with reportedly greater corrosion resist- 
ance. The new process is an extension of 
electron beam principles and allows more 
molten metal to be exposed to a hard vac- 
uum environment, thereby allowing a 
higher percentage of volatile impurities to 
be evaporated. The process involves charg- 
ing melt stock into an induction furnace 
housed in a primary refining chamber that 
operates at 10 microns to 1 atmosphere 
pressure. The molten metal is then trans- 
ferred under vacuum by a launder into an 
induction-heated ladle housed in a second- 
ary refining chamber that operates at 5 to 
10 microns pressure. Finally, the molten 
metal flows down an electron-beam heated 
cascade hearth system into a casting sta- 
tion. This final refining chamber operates 
at 1 to 10 microns pressure. The electron 
beam heating along the cascade hearth cre- 
ates localized areas of super heat, which 
results in a vigorous stirring action, 
thereby allowing more impurities to 
escape. ? 

Allegheny Ludlum Steel Corp. plans to 
install a new vacuum melting process for 
stainless steel, which reportedly would pro- 
duce steels of superior quality. In addition, 
higher yields with savings of critical alloy- 
ing materials and lower investment and 
operation costs were expected. In the new 
proces, primary melting will be accom- 
plished in existing electric furnaces and 
refining and adjustment of final composition 
will take place at reduced pressures in a 
special ladle fitted with induction-stirring 
coils, vacuum covers, and electrode heating 
capability. Results of the first 89 production 
heats were presented. These heats utilized 
the new duplex process whereby an elec- 
tric furnace is used to produce a crude 


high-carbon, high-chromium hot metal for 
conversion to stainless steel, and a reactor 
vessel uses mixtures of argon and oxygen 
for refining. 3 

After 5 years of research, Fuji Steel 
(Japan) initiated production of stainless 
steel by conversion of blast furnace, hot 
metal in a basic oxygen furnace. 


Recent developments in chromium and 
chromium alloys and areas for future work 
were discussed. 4 


Recently published data pertaining to 
stainless steel in the following general 
areas were reviewed:5 Material selection, 
corrosion resistance, new alloys, new manu- 
facturing techniques, and welding. 

The American Iron and Steel Institute 
assigned numbers to six stainless steel com- 
positions raising to 44 the number of 
stainless types recognized as being stand- 
ard. Four of the new grades are nickel- 
free. The newly added compositions, types 
384, 385, 420F, 429, 434, and 436, were de- 
veloped to provide improved performance 
in areas of chemical processing, automobile 
trim, food processing, and manufacture of 
fasteners. 


Caterpillar Tractor Co. installed at its 
Joiliet, Ill. facilities an automated chro- 
mium plating system that nearly doubled 
capacity as compared with manual opera- 
tion. An additional benefit of automation 
was that chromium thickness and parts 
preparation are now uniform because each 
part is immersed for the proper amount 
of time and human error is minimized. 6 


2 American Metal Market. V. 76, No. 118, June 
24, 1969, pp. 1, 11, 24. 

3 Soccomano, J. M., R. J. Choulet, and J. D. 
Ellis. Making Stainless Steel in the Argon-Oxygen 
Reactor at Joslyn. J. Metals, v. 21, No. 2, Febru- 
ary 1969, pp. 59-64. 

4 Klopp, W. D. Recent Developments in Chro- 
mium and Chromium Alloys. J. Metals, v. 21, 
No. 11, November 1969, pp. 23-32. 

$ Fischer, Hugh B. Stainless Steels and Other 
Ferrous Alloys. Ind. & Eng. Chem., v. 61, No. 8, 
August 1969, pp. 42-47. 

a Age. V. 203, No. 2, Mar. 20, 1969, pp. 


Clays 


By J. Robert Wells! 


Overall the amounts of domestic clays 
sold or used by producers in 1969 were up 
nearly 3 percent in quantity and 7 percent 
in total value from 1968, and established 
new annual records for both tons and dol- 
lars. Increases in tonnage and total value 
were reported for each of the individual 
types of clay except for fire clay, which de- 
creased in both respects. The fire clay fig- 
ures—the lowest total value in any year 
since 1962 and the smallest total tonnage 
since World War II—were visible evidence 
of the continuing shift from the tradi- 
tional types of refractories to the newer 
and more specialized materials. 

Georgia, with a total output of 5.7 mil- 
lion tons of several types of clays, contin- 
ued to hold first place as a producer, and, 
with $98 million in total value, far sur- 
passed the State that ranked second in 
that respect. The States in order after 


Georgia that led in tonnage were Ohio, 
Texas, North Carolina, and Alabama; in 
value, Pennsylvania, Wyoming, Florida, 
and Ohio. Production of clays of one or 
more types was reported in 48 States; 
Alaska and Rhode Island were the two ex- 
ceptions. | 

The Tax Reform Act signed by the 
President on December 30, 1969, author- 
ized a l-percentage point reduction in the 
depletion allowances applicable to certain 
types of clays. The reduction is from 15 
percent to 14 percent for kaolin, ball clay, 
bentonite, fuller’s earth, and fire clay; and 
from 23 to 22 percent for clays used for 
extraction of alumina or aluminum com- 
pounds. Allowances applicable to clay and 
shale used for making brick, tile, and 
lightweight aggregate were not changed. 


1 Physical scientist. 


Table 1.—Salient clay and clay products statistics in the United States 


(Thousand short tons and thousand dollars) 


1965 
Domestic clays sold or used by pro- 
IT do ß ZD Sag E 55,126 
Vale eee a mu eaa 3204, 932 
A/ 1 lll d uuu 8 
Value. oclo h 86 $25,595 
Imports for consumption 110 
rr. QOSQO Susu $2,137 
Clay refractories, shipments (value) $228 , 876 
Clay construction products, shipments 
(WING) EE $578 , 190 


1966 1967 1968 1969 
56,713 54,664 57,348 58,694 
$221,714 $228 ,987 $246,938 3264, 415 
1,074 1,149 1,519 1,574 
$31,135 $32 , 432 $44,134 $45 , 767 
139 108 97 82 
$2,883 52, 235 $1,951 31. 750 
$243,516. $225,116 $229 , 660 3257, 346 
$554 , 667 $538,110 3590, 776 $608,982 


DOMESTIC PRODUCTION, PRICES, AND FOREIGN TRADE, 
BY TYPE OF CLAY 


KAOLIN 


The quanity of domestic kaolin sold or 
used by producers in 1969 represented the 
most notable increase in recent years, 13 
percent more in tonnage and 11 percent 
more in total value than in in 1968. Of 


the 11 States that produced kaolin in 1969, 
Alabama, Arkansas, Georgia, South Caro- 
lina, and Texas reported larger outputs 
than in 1968, substantially outweighing 
decreases in California, Florida, Idaho, 
North Carolina, Pennsylvania, and Utah. 
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minor but consistent producer, has not ap- 
peared in the list of kaolin producing 
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States since 1967. 


production in 1969. Vermont, formerly a 
5,000 


Arizona, where small tonnages of kaolin 
were reported in 1967 and 1968, had no 
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Figure 1.— Kaolin sold or used by domestic producers for specified uses. 


CLAYS 


Oil, Paint and Drug Reporter, December 
29, 1969, quoted kaolin prices, $2 to $5.50 
per ton higher than those previously re- 
ported, as follows: 


Water washed, fully calcined, bulk, 


carload lots, f.o.b. Georgia, per ton $60.00 
Partially calcined, same basis, per 

^o MER Saco Seas 50.00 
Paper-grade, uncalcined, same basis, 

per ton: 

No. Leoatng $38 . 00-38 . 50 

No. 2 coating 30.00-30.50 

No. 3 coating 29.00-29.50 
Filler, general purpose, same ba- 

sis, per ton 17. 50-18. 00 
Delaminated, water washed, uncal- 
cined, paint-grade, 1-micron average, 

same basis, per ton 62.00 
Dry-ground, airfloated, soft, same ba- 

sis, per ton 12.50 
National] Formulary, powder, 50- 
pound bags, 5,000-pound lots, 

works, per pound 0.06-.75 
National Formulary, colloidal, 150- 

pound drums, works, per pound 0.16-.50 


Kaolin imports have been declining for 
a number of years, and that trend contin- 
ued in 1969; quanity and total value— 
65,000 tons and $1.3 million—were 14 per- 
cent and 8 percent less than in 1968 and 
amounted to less than half the comparable 
figures for 1959. The United Kingdom, by 
a wide margin, retained its established po- 
sition as principal foreign supplier of ka- 
olin to the United States; Canada, the 
Netherlands, and West Germany contrib- 
uted only minor quantities. In contrast to 
the dimished stature of kaolin imports, ex- 
ports of that commodity in 1969, sustain- 
ing a noteworthy rate of growth, a- 
mounted to 478,000 tons and $14.8 million 
—increases of 23 percent and 14 percent, 
respectively, coming on top of correspond- 
ing increases of 21 percent and 31 percent 
in 1968. The kaolin that was exported in 
1969 went to destinations in over 50 coun- 
tries, foreruost among which and receiving 
about one-third of the total, was Canada. 


BALL CLAY 


In 1969, production of domestic ball 
clay, for the second year in succession, 
scored an impressive increase of 8 percent 
in quantity and 16 percent in total value 
above that of 1968 and reached the high- 
est level in history. Notable gains in ton- 
nage were reported in three of the six ball 
clay producing States—10 percent in Ten- 
nessee, source of two-thirds of the National 
output, 13 percent in Kentucky, the State 
that ranks second, and 12 percent in Mis- 
sissippi, the State in third place. 

Oil, Paint and Drug Reporter, December 
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29, 1969, listed ball clay prices, unchanged 
from the 1968 quotations, as follows: 


Domestic, airfloated, bags, carload 

lots, Atlantic ports, per ton $49.00—50.75 
Domestic, crushed, moisture-repellent, 

bulk, carload lots, Tennessee, per 
8.00—11.25 


49.50-50.75 
31.50-37.50 


U.S. imports in 1969 included 12,800 
tens of beneficiated and unbeneficiated 
ball clay valued at $228,000; both figures 
are about one-fourth less than those of 
1968. Ball clay exports were reported as 
part of a “not elsewhere classified” basket 
category, of which the total in 1969 was 
395,000 tons and $15.3 million, as com- 
pared with 485,000 tons and $15.5 million 
in 1968. 


Imported, airfloated, bags, carload 
lots, Atlantic ports, per ton 
Imported, lump, bulk, Atlantic ports, 
DOM ON ]7⅛˙—m. õꝛß mw mmm 


FIRE CLAY 


The total quantity of fire and stoneware 
clay sold or used by domestic producers in 
1969 represented a 10-percent drop from 
the 1968 level in both tonnage and total 
value. This is clear reflection of industry's 
growing divergence from conventional 
guidelines for the selection of refractories. 
Factors conductive to some of the changing 
emphases in present-day refractories prac- 
tice were outlined in an industrial maga- 
zine article that implicitly foreshadowed a 
progressively diminishing reliance on fire 
clay.2 

In 1969, exports of fire clay totaled 
about 163,000 tons valued at $2.6 million, 
7 percent more tonnage than in 1968 but 
about 2 percent less in dollar volume. 
These exports went to consignees in 40 
countries. Canada was the leading recipi- 
ent, followed by Mexico. There were no 
fire clay imports in 1969. 


BENTONITE 


Production and consumption of benton- 
ite have grown with notable consistency 
from year to year throughout the last two 
decades. That trend was strikingly manifest 
in 1969, when the total quanity of benton- 
ite sold or used by domestic producers ov- 
ertook the previous historic high reached 
in 1968 and established a new annual 
record 8 percent higher still. Bentonite 


2 Oberschmidt, Leo E. Refractories Challenge 
for 1969—Cut Costs and Improve Quality. Brick & 
de eier v. 154, No. 1, January 1969, pp. 
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was produced in 1969 in 15 States; among 
which the leaders were Wyoming, with 74 
percent of the National total tonnage; Mis- 
sissippi, 11 percent; and Texas, 4 percent. 
It is worthy of mention that the 1969 list 
of bentonite producers, for the first time on 
record, included Missouri. 

Reflections of the ever-greater industrial 
significance of bentonitic clays was the in- 
auguration in 1969 of three bentonite 
processing facilities with an aggregate an- 
nual capacity around half a million tons. 
The new plants were of Ashland Chemical 
Co. at Glasgow, Valley County, Montana; 
International Minerals & Chemical Corp. 
at Aberdeen, Monroe County, Mississipi; 
and A. P. Green Refractories Co. at Oran, 
Scott County, Missouri. 

Use of domestic bentonite in iron ore 
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pelletizing, after remaining virtually static 
in 1968, resumed its upward trend and 
scored an impressive 45-percent increase. 


Oil, Paint and Drug Reporter, December 
29, 1969, quoted bentonite prices, without 
change since yearend 1965, as follows: Do- 
mestic, 200-mesh, bags carload lots, f.o.b. 
mines, $14 per ton; and imported Italian, 
white, high-gel, bags, 5-ton lots, ex-ware- 
house, $91 per ton. The average unit value 
reported for domestic bentonite sold or 
used by producers in 1969 was $9.81, prac- 
tically the same as the previous year’s 
figure. Per-ton values reported in the var- 
ious producing States ranged from $3.91 to 
$15.10, but most of the larger producers 
tended to center upon the Wyoming figure 
of $9.67. 
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Figure 2.—Bentonite sold or used by domestic producers for specified uses. 
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$11.5 million in total value, compared with 


477,000 tons and $11 million in 1968, the 
purpose material shipped from Canada 


1969 were confined to 76 tons of special- 
and Italy. 


CLAYS 


respectively. The exported clay 


which Canada, recipient of 56 percent, and — higherto record year. Bentonite imports in 
amounted to 501,000 tons and reached 


In 1969, the United States exported ben- 
tonite to 66 foreign countries, among 
Australia, 11 percent, ranked first and sec- 
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Figure 3.—Fuller's earth sold or used by domestic producers for specified uses. 
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FULLER'S EARTH 


Domestic output of fuller's earth, as 
measured by the quanity sold or used by 
producers, increased substantially in 1969, 
exceeding the former-record production of 
1968 by 7 percent in tonnage and by 10 
percent in total value. The most significant 
increases among the eight producing States 
(nine in 1968) were 15 percent for Florida 
and 5 percent for Georgia. Illinois and 
Tennessee, against smaller bases, marked 
increases of 34 percent and 10 percent, re- 
spectively. In 1969, Missouri made its first 
appearance among the fuller’s earth pro- 
ducers, while California and Nevada, both 
with past records of minor but consistent 
production, dropped out of the list. 


Utilization of fuller's earth in insecticides 
and fungicides, after 2 years of retreat, 
gained ground in 1969 almost to the his- 
toric high point reached in 1966. The 
quantity of fuller's earth consumed for gen- 
eral absorbent purposes was 3 percent 
higher than in the previous year, and it is 
worthy of note that, for the first time, 
data on a growing component of that end 
use category—for animal litter—became 
available as a separate item. 

Prices for fuller's earth were not pub- 
licly quoted in 1969, but the average per- 
ton value reported by producers was 
$25.77, as compared with $25.15 in 1968. 

Fuller’s earth imports in 1969 were lim- 
ited to 68 tons of beneficiated material 
with a reported value of $4,789 from the 
United Kingdom. Exports of fuller's earth 
totaling 37,000 tons—of which Canada re- 
ceived 46 percent—and valued at $1.6 mil- 
lion were distributed among 30 countries. 
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MISCELLANEOUS CLAY 


The common clays and shales of the 
various types that are used in the manu- 
facture of structural clay products, light- 
weight aggregate, and portland cement are 
grouped together in the miscellaneous cate- 
gory, which accounts for about 70 percent 
by weight of all clays that are produced 
domestically. Most manufacturers of brick, 
drain tile, sewer pipe, and other heavy 
clay products mine their own raw mate- 
rials, and at least 95 percent of all domes- 
tic production of miscellaneous clay in 
1969 was from captive operations. 

The quantity of miscellaneous clay sold 
or used by U.S. producers in 1969, slightly 
over 42 million tons and valued at $63.4 
million, was an alltime record and repre- 
sented a 3-percent increase in tonnage and 
a 12 percent increase in value, compared 
with the respective figures for 1968. 

Exports of clays that were not separately 
classified as to type added up to about 
395,000 tons with a total value of $15.3 
million, as compared with 458,000 tons and 
$15.5 million in 1968. The countries receiv- 
ing the major shares of these unclassified 
clays were Canada, 28 percent; Japan, 14 
percent; Italy, 9 percent; and Mexico, 8 


percent. The remaining 41 percent was dis- 


tributed among about 80 other countries. 
The unit values recorded for these exports, 
$39 per ton in 1969 and $34 per ton in 
1968, are evidence that a large proportion 
of these materials belonged to grades of a 
higher order than the common clays des- 
tined for structural products use, which or- 
dinarily are rated at not over $1.50 per 
ton. There were no significant imports of 
miscellaneous clays in 1969. 


CONSUMPTION AND USES 


The manufacturing of heavy clay prod- 
ucts, cement, and lightweight aggregate ac- 
counted for 39 percent, 21 percent, and 17 
percent, respectively, of the total 1969 do- 
mestic consumption of all clays, as 
compared with 41 percent, 20 percent, and 
16 percent in 1968. The total tonnage of 
clays used in refractories, maintaining the 
same relationship as in the year before, 
was equivalent to 9 percent of the 1969 
total. 

Refractories.—Fire clay, bentonite, and 
miscellaneous clay consumed in 1969 in the 
manufacture of refractories showed little 


change from the tonnages reported in 
1968. Utilization of kaolin in refractories, 
however, was 29 percent greater, and the 
total quantity of all clays so consumed was 
4 percent more than in the previous year. 
The total value of clay refractories shipped 
in 1969 was 12 percent higher than in 
1968; the total value of nonclay refracto- 
ries was 15 percent higher. By rough sur- 
mise, those increases might be attributed 
perhaps one-half to larger production vol- 
ume and one-half to inflationary trends 
that were evident in generally higher unit 
values. 


CLAYS 


Heavy Clay Products.— The values re- 
ported for shipments of heavy clay prod- 
ucts in 1969 represented small-to-substan- 
tial increases for most categories; the 
overall total was 3 percent higher than in 
the previous year, but the trend in the 
corresponding quantities was less consist- 
ent. Thousand-unit counts for building 
brick and for facing tile were 4 percent 
and 5 percent, respectively, below those in 
1968. Shipments of unglazed structural tile 
regained some of the ground lost in the 
past several years by scoring an increase of 
26 percent in quanity and an even more 
impressive 65-percent rise in total value. 

Lightweight Aggregate.—Consumption of 
clay and shale in the making of light- 
weight aggregate, more than doubling 
since 1958, has increased in all but three 
of the 17 years since statistics on this end 
use first because separately available. The 
quanity of clay and shale devoted to this 
purpose in 1969 was 6 percent more than 
in 1968 and 12 percent more than in 1967. 


WORLD 


Algeria.—Under direction of a national 
clays research agency, the government min- 
ing authority started open pit mining of 
kaolin at Djebel Debagh to provide raw 
material for domestic pottery makers. It 
was predicted that this operation, initiated 
at the rate of 4,000 tons per year, will 
soon be expanded to supply a wider ce- 
ramics market and perhaps also to furnish 
clays in filler grades for use in paper man- 
ufacturing. 

Belgium.—Lightweight aggregate for use 
in prefabricated concrete structural units 
is increasingly in demand by European 
builders. A three-way consortium of Belgiun 
industrial organizations was formed to 
manufacture expanded-shale aggregate in 
large quantities to supply the growing na- 
tional requirement. 

Canada.—Domestic production of spe- 
cialty clays—swelling, Wyoming-type ben- 
tonite, largely for use in drilling muds and 
iron concentrate  pelletizing, and the 
fireclay, ball clay, and kaolin types of ce- 
ramics and refractories—falls far short of 
national requirements, and substantial 
quantities of these essential materials must 
be imported. Canada's deficiencies in elays 
and clay products have had to be balanced 
in recent years by an annual outflow of 
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Among significant news items relating to 
the lightweight aggregate industry in 1969 
were notices of the construction of several 
new clay and shale plants or major addi- 
tions to other facilities already in opera- 
tion. It was also announced that Hercules, 
Inc., of Wilmington, Del., expected to have 
a new expanded-slate plant in full produc- 
tion at Snowden, Va., by mid-1970. It was 
stated that the multimillion dollar installa- 
tion, designed with special attention to 
minimizing ecological impairment, would 
use three rotary kilns to process locally 
mined slate at the rate of approximately 
6,000 tons per day. It should be noted that 
the tonnage of raw material mentioned in 
table 10 for lightweight aggregate produc- 
tion refers only to clay and shale and does 
not include the quantity of slate similarly 
used. In 1968, a total of 707,000 tons of 
slate was expanded for lightweight aggre- 
gate, and it is estimated that in 1969 at 
least 750,000 tons of slate was used for this 


purpose. 
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around $70 million to foreign suppliers, 
principally the United States and the 
United Kingdom. It was pointed out. that 
Wyoming-type bentonite, not yet fully ex- 
ploited, occurs in Alberta. Further hope 
for a possible alleviation of a burdensome 
situation was aroused by an announcement 
that Algacen Mines, Ltd., may soon begin 
exploring a vast’ silica-kaolin deposit near 
the Moose River in the James Bay drain- 
age area of Ontario. It was stated that "re- 
serves could be in the hundreds of mil- 
lions of tons," but the site's difficulty of 
access was mentioned as a formidably ad- 
verse consideration. A pipeline carrying 
material either in slurry form or else en- 
cased in capsules was suggested as a possi- 
ble system for conveying the prospective 
mineral products across the many miles of 
muskeg terrain to railhead or, alterna- 
tively, to Great Lakes port. 

Ceylon.—The Ceylon Ceramics Corp. 
overcame a persistent problem at an open- 
cast kaolin mining operation at Boralesga- 
muwa—contamination of the product with 
off-color overburden material—by replacing 
the former dragline system with a modern 
excavating machine, The new equipment, 
designated as the HY—MAC 580B excava- 
tor, made it possible to achieve increases 
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in both the quantity and the quality of 
the output.3 

Cuba.—Installation of new equipment at 
the government-operated kaolin processing 
plant on the Isle of Pines, which is the 
site of Cuba's principal kaolin deposits, is 
expected to raise output of that commod- 
ity by 25 percent and make it possible for 
the first time for the Nation to be self-suf- 
ficient in that respect. | 

India.—India's bentonite and  fuller's 
earth are produced in substantial quanti- 
ties for domestic consumption, but exports 
have been of limited importance. A com- 
ing change in this situation was heralded 
by the announcement that Ambica Mine- 
chem Industries, currently applying the 
latest modern mining, processing, and con- 
tro] equipment to the exploitation of ex- 
tensive bentonite deposits in the Bhayna- 
gar and Kutch districts of Gujarat State, is 
now able to provide ample tonnages of 
that clay in foundry and drilling-mud 
grades for the export market. 

New  Zealand.—Canterbury Bentonite, 
Ltd., completed the construction at Coal- 
gate on South Island of an all-new prepa- 
ration plant and entered into full-scale 
production of processed bentonite from the 
company's adjacent and newly developed 
open pit mine. Reserves at the site, con- 
sisting of material suitable for foundry use, 
drilling muds, and iron ore pelletizing, 
have been estimated at more than 20 mil- 
lion tons. The domestic steel industry is 
expected to consume at least 10,000 tons 
per year of the new plant's output. The 
first foreign shipment of pellet-grade mate- 
rial was 500 tons consigned to Australia's 
Port Latta pelletizing plant at Savage 
River in Tasmania. A greatly expanded ex- 
port market in mainland Australia is fore- 
seen for the New Zealand bentonite. 

Construction of another $500,000 plant 
—this one near Kerikeri in the Bay of Is- 
lands for the processing of china clay—was 
announced as a joint enterprise of Crown 
Lynn Potteries (Aukland) with Georgia 
Kaolin Co. (New Jersey, U.S.A.). The ini- 
tial undertaking is intended to serve as a 
pilot-plant operation with the potential of 
eventual amplification to a scale providing 
a capacity of 100,000 tons per year. 

Pakistan.—Clay deposits previously dis- 
covered in Swat (West Pakistan) were sur- 
veyed and estimated to contain 2 million 
tons of good-quality china clay. Plans were 
drawn for a processing plant with an an- 
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nual production capacity of 5,000 tons, 
equivalent to about one-half the national. 
requirement, supplied at present only by 
imports. 


South Africa, Republic of.—The exist- 
ence of a hitherto unknown national re- 
source was revealed by G. and W. In- 
dustrial Base Minerals, a subsidiary of the 
Anglo American Corp. of South Africa. De- 
posits of bentonite have been described as 
"very promising" near Plettenberg Bay in 
Cape Province. The report of this discov- 
ery was welcome news because South Afri- 
ca's consumption of that mineral currently 
outweighs the domestic output almost 2 to 1. 


Spain.—The properties and business of 
the Cía. Mercantil Bentonitas y Minerales, 
S.A.—an important bentonite producer 
based at Melilla, Morocco—were acquired 
by the Cía. Española de Carbones Activos, 
S.A. of Madrid, a subsidiary of the French 
firm Carbonisation et Charbons Actifs. 
Spain currently mines about 20,000 tons 
annually of  bentonite from domestic 
sources and, although a net importer of 
some grades, still ships significant quanti- 
ties to destinations overseas. An article in 
a U.S. journal presented details of the op- 
erations and equipment of a new, highly 
automated plant near Madrid that pro- 
duces 200 tons per day of the clay tile 
beams and spans used to an important 
extent in the majority of Spanish floor and 
ceiling construction. 


Turkey. — Engineers of the Turkish Min- 
erals Research and Exploration Institute 
found an extensive body of high-grade 
calcium bentonite in the Cankiri district 
approximately 70 kilometers northeast of 
Ankara, about half way between that capi- 
tal and the Black Sea. Tentative plans were 
laid for the construction of a processing 
plant to prepare material from the newly 
discovered deposit for domestic consump- 
tion as foundry-sand binder and in drilling 
muds. 


United Kingdom.—The sustained pros- 
perity of Britain's china clay industry has 
enabled that product to reach and hold a 
place among the nation's bulk exports that 
is second only to that of coal. Exploitable 
deposits of china clay are closely concen- 


3 Mining Journal (London). Kaolin Mining in 
Ceylon. V. 272, No. 6960, Jan. 10, 1969, p. 28. 

Svec, J. J. Cerámica Estela Drys Span Tile in 
One Hour. Brick & Clay Record, v. 155, No. 6, 
December 1969, pp. 37-39. 
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trated near Land's End in Cornwall's south- 
western toe tip, and after more than two 
centuries of activity, the workings are be- 
coming progressively cramped by an inde- 
ferrable problem of residue disposal. 
Furthermore, opening of a new pit in West 
Penwith was vigorously opposed recently 
by private individuals and a number of 
county and urban representative bodies on 
the grounds of pollution and landscape 
disfigurement. Faced with these and re- 
lated considerations, a number of the china 
clay producers in the area launched a 
project for doing away with practices that 
long have kept Cornwall’s rivers running 
milky with suspended clay plant washings. 
Under the proposed scheme, in the future, 
these residues will be discarded far out to 
sea. Approximately $6 million will be 
spent in constructing an 8-inch pipeline 
and the 13 miles of concrete-lined tunnel 
through which the washings will be led 
underground from the clay processing 
plants to the shoreline and thence out- 
ward, 40 feet below the sea bed, to a verti- 
cal discharge outlet under 60 feet of water 
and a mile from the coast. Proponents of 
the system believe that no damage to sea 


life will result from this method of dis- 


posal. 
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British ball clays, which are ceramic 
materials with exceptional plastic and 
bonding properties, used extensively in the 
manufacture of earthenware, floor and wall 
tiles, sanitary ware, electrical porcelain, 
and tableware, are marketed in at least 40 
other countries. Britain's foremost ball clay 
producing firm, with three-quarters of its 
output sold abroad, received the Queen's 
Award to Industry for both export 
achievement and technical innovation, An 
article published in a London magazine 
described the operations of that company 
and of a number of others that likewise 
are engaged in mining ball clay deposits of 
England's southwestern county of Devon. 
Subsequent issues of the same periodical 
carried an outstanding series of articles de- 
voted to bentonite and the closely related 
material, fuller's earth.5 


It was announced that the British brick 
industry would switch to the metric system 
at yearend and that the familiar 9 x 414 x 
3-inch brick will be replaced by an almost 
imperceptibly smaller unit that will meas- 
ure 225 by 112.5 by 75 millimeters. About 
105 of the new units will fill the volume 
occupied by 100 bricks of the former 
standard size. 


TECHNOLOGY 


The 71st Annual Meeting and First An- 
nual Exposition of the American Ceramic 
Society, May 3-8, 1969, brought to Wash- 
ington, D.C., the world's largest gathering 
of ceramic scientists and representatives of 
the clays-oriented industries. The excellent 
organization and scheduling of the various 
division meetings, symposia, and joint ses- 
sions made possible the presentation of ap- 
proximately 400 technical and scientific pa- 
pers. The concurrent expositon, which was 
the first of its kind and consisted of the 
instructive displays of about 120 domestic 
and foreign-based companies, provided an 
unprecedented wide-angle view of up-to- 
date ceramic equipment, processes, mate- 
rials, products, and practical industrial lit- 
erature. One of the tour options offered to 
attendees was an excursion to the newly 
installed headquarters of the Structural 
Clay Products Institute in McLean, Va. 
There the visitors toured the modern 
offices and laboratories of the Institute, 
and were given an opportunity to watch 


the compression testing to destruction of a 
two-story brick and mortar pylon in an 
upright hydraulic press designed to bear 
down with the force of a million pounds 
while measuring the resulting deflections 
in thousandths of an inch. This experience 
contributed a graphic conception of what 
is meant by the construction-industry term 
"bearing wall." 

Something new has been added to the 
already long list of forms in which clays 
serve the needs of mankind—ceramic foam. 
This completely inorganic foamed-clay ma- 
terial is resistant to weathering and to 
moisture penetration, decay-proof, noncom- 
pacting, incombustible, and practically im- 


5 Industrial Minerals (London). Bouyant Mar- 
ket for Ball Clays. No. 17, February 1969, pp. 


. The Bentonite Industry Expands Capacity, 
etc. No. 24, September 1969, pp. 10—45. 
. Bentonite's Indispensable Role in Industry, 
etc. No. 25, October 1969, pp. 9-33, 45. 
. Erbsloh & Co. Pioneer Producer of Sodium- 
December 


Exchanged Bentonite, etc. No. 27, 
1969, pp. 33, 35-37. 
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mune to thermal shock or chemical attack, 
while combining controllably variable de- 
grees of lightness with greater structural 
strength than that of the earlier developed 
and widely used polystyrene and urethane 
plastic foams.6 Although first introduced as 
a heat insulating agent for the lagging of 
tanks, pipes, and reactors, this new prod- 
uct, with such an impressive list of uncom- 
mon characteristics, certainly seems des- 
tined to find a much wider field of 
applications, As just one example, it is 
predicted that ceramic-foam shingles, al- 
ready being marketed in limited quantities, 
will provide virtual immortality for a roof 
upon which they are used as a covering.? 

A journal article presented information 
that is not usually available concerning the 
specialized materials and procedures invol- 
ved in the fabrication of some ceramic 
components used in the electronics industry, 
that, although frequently inconspicuous, 
are yet critically essential in many of today's 
sophisticated mechanisms.8 

Approximately 350 U.S., Canadian, and 
British patents issued in 1969 were directly 
related to clays or other ceramic materials. 
The foremost subject of interest was refrac- 
tories, with about 100 patents; followed by 
kaolin with 70, and bentonite with 60. 

As chemical and metallurgical processes 
push more and more against temperature 
ceilings, active search continues in a par- 
allel course for refractories able to serve 
under conditions unimaginable less than a 
generation ago. In this unending contest 
with the limitations of materials, a major 
advance has been the advent of fused-cast 
refractories. The technology of these ex- 
tremely durable and heat-resistant mate- 
rials, and the properties that determine 
their superiority in specialized applications, 
were reviewed in an industrial magazine.? 
No longer ago than 1962, the best magne- 
site refractory available did not achieve a 
transverse strength in excess of 300 psi at 
2300? C, but in 1969 basic-oxygen-process 
steel furnaces were being lined with mass- 
produced magnesite bricks testing over 
1000 psi at that temperature. This is one 
of the facts brought out in an article 
which discussed significant developments 
and changes in emphasis in the refractories 
field.10 Three generations ago the Bessemer 
converter yielded its first place as a stcel 
maker to the open-hearth furnace. In Au- 
gust 1969, for the first time, open-hearth 
steel lost out in tonnage to that from a 
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more efficient producer, the basic-oxygen- 
process furnace. How long this roaring 
giant will retain the supremacy is not easy 
to predict, but it is clear that its rapidly 
increasing dominance will work profound 
changes in the refractories requirements of 
the steel industry, which is by far the largest 
consumer of refractory products, The Bu- 
reau of Mines Eastern Field Operations 
Center at Pittsburgh, in an effort to antici- 
pate these and other impending transfor- 
mations, initiated a project to assess the 
impact of changing technology upon re- 
fractories demand and upon the refracto- 
ries producing and consuming industries. 

The length of time which a blast fur- 
nace can be operated without relining is a 
prime determinant of that unit’s efficiency 
and, consequently, of the specific weight of 
metal obtainable from it per input dollar. 
The life span of the refractory furnace lin- 
ing is directly dependent upon its ability 
to retard the progress of certain physical, 
chemical, and mineralogical changes, and 
that ability, is largely dependent upon the 
nature of the substances constituting the 
lining material. Georgia kaolin clay, in 
bricks fired' at high temperatures to pro- 
vide high density, low permeability, and 
great mechanical strength, is being used 
increasingly as the preferred refractory for 
today's hot-running, high-productivity blast 
furnaces. Important factors in furnace lin- 
ing erosion and some of the considerations 
by which it can be minimized were out- 
lined in an industrial journal.11 

The Georgia operations of one of the 
world's largest producers of wet-process ka- 
olin were described with technical details 
in a British periodical. The same article 
listed some of the major end uses served 
by the wide range of water-washed kaolin 
products from the company's plants and 
reported on the continuing research pro- 


6 Steel. Dow Foams Clay for Insulation Mar- 
kets. V. 164, No. 16, Apr. 21, 1969, p. 52h. 
Chemical Week. Technology Newsletter: Dow is 
Making a Splash in Ceramic Foam. V. 105, No. 
23, Dec. 10, 1969, p. 68. 

* American Ceramic Society Bulletin. Corning's 
Ceramic Shingles Available in Oklahoma. V. 48, 
No. 8, August 1969, p. 793. 

3 Kell, R. C. High-Quality Ceramics for Use 
in the Electrical Industry. J. Sci. & Technol. 
(London), v. 36, No. 3, September 1969, pp. 
125-129. 

"Brown, R. W., and K. H. Sandmeyer, Appli- 
cations of Fused-Cast Refractories. Chem. Eng., 
v. 76, No. 13, June 16, 1969, pp. 106-114. 

10 Wicken, O. M. Higher Quality Refractories. 
Min. Eng., v. 22, No. I, January 1970, p. 66. 

11 Moffat, John. Kaolin Firebrick Increases Lin- 
ing Life. Brick & Clay Record, v. 155, No. 5, 
November 1969, pp. 38-39. 
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gram being conducted to achieve advanta- 
geous innovations in the mining, process- 
ing, and utilization of those materials.12 A 
journal article was published outlining 
automated procedure adopted in West 
Germany to expedite the dehydration of 
kaolin slurries.13 The production capacities 
of two plants of a large producer of Geor- 
gia paper-grade kaolins were substantially 
increased by the completion of a 2-year 
expansion program. Besides the addition of 
a fourth high-capacity spray drier to the 
three such units already operating, installa- 
tion of major new equipment included 
that of an automated, gas-fired rotary kiln 
10 feet in diameter and 160 feet long for 
calcining kaolin and of two filter presses 
weighting 30 tons each. A noteworthy fea- 
ture of the huge new filters, the only two 
of their kind in the United States, is the 
unconventional construction of their plates 
and spacers. The filter cake, to circumvent 
any possibility of its being contaminated 
by contact with metal, will be collected in 
frames consisting entirely of resin-bonded 
glass fiber. It was stated that the expan- 
sion of the two facilities was in response 
to the steadily mounting demand for the 
more than 90 individual grades of kaolin 
marketed by the firm.14 

All open pit mining involves some dis- 
ruption of the natural environment, and 
more and more attention is being directed 
toward the restoration of landscapes after 
completion of mining operations. In Geor- 
gia, the State that is foremost in produc- 
tion of kaolin, the legislature put into ef- 
fect a new statute requiring the 
rehabilitation of all lands disturbed by 
surface mining after the start of 1969. A 
brief account was published discussing fer- 
tilization schedules and seeding techniques 
that have been successful there for the 
propagation of various specified types of 
grasses, clovers, and evergreens as cover for 
mined-out kaolin terrains.15 

Bentonite, with special reference to its 
use in iron ore pellets, was the principal 
subject of discussion at a meeting of the 
Minerals Beneficiation Division of A.I.M.E. 
in Chisholm, Minn., on November 19, 
1969. The meeting, which featured the 
presentation of a paper by James French 
entitled “Standardization of Bentonite 
Testing Methods and Specifications for the 
Iron Ore Industry,” was summarized in an 
industrial journal.16 In a continuing series 
of tests at the Bureau of Mines Metallurgy 
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Research Laboratory at Tuscalcoosa, Ala., 
bentonite was one of the substances that 
was evaluated as a bonding agent for the 
experimental production of building blocks 
from the nonmagnetic materials, largely 
waste glass, salvaged from municipal incin- 
erator residues. The Bureau of Mines 
Twin Cities Mineral Supply Field Office 
brought to completion an investigation of 
the suitability of clays in the Lake Supe- 
rior region for use in place of Wyoming 
bentonite as binding material for iron ore 
pelletizing. The data obtained indicated 
that none of the clays tested could be con- 
sidered suitable for the stated purpose. Re- 
sults of this research were published late 
in 1968.17 A property of bentonite and of 
other clays that would seem to bear a 
close relation to their bonding capabilities 
was the topic of a report, accompained by 
quantitative data, in a scientific 
magazine.18 

In an age of technology capable of im- 
printing man’s footsteps in the sands of 
the moon, an estimation of the “feel” of 
molding sands is still the basic and only 
generally used test applied to those mate- 
rials in most foundries. More scientific and 
less subjective procedures for prejudging 
the moldability of bentonite-sand mixes 
and for correlating that behavior with a 
number of common variables were dis- 
cussed in a trade journal.19 

Clays-related activities of the Bureau of 
Mines in 1969, in addition to the benton- 
ite studies referred to, included continuing 
cooperative programs with a number of in- 


12 Industrial Minerals (London).  Whiter, 
D r Fan Clays. No. 17, February 1969, 
pp. 17- 


13 Zrenner, Franz, and Hans Siegert. One-Stage 
Drying/Milling of Filter Cakes. Minerals Proces- 
sing, v. 10, No. 8, August 1969, pp. 17-21. 

14 American Paint Journal. Georgia Kaolin 
Company’s Multi-Million Dollar Plant Expansion 
on Stream. V. 54, No. 8, Sept. 15, 1969, pp. 18- 


«22. 

15 U.S. Department of Agriculture. Bringing 
Back Life. Agricultural Research, v. 17, No. 11, 
May 1969, p. 3. 

16 Skillings’ Mining Review. Bentonite Discus- 
sed at Technical Meeting. V. 58, No. 50, Dec. 13, 
1969, p. 16. | 

17 Aase, James H., and George E. Leonhard. 
Field Investigation and Testing of Minnesota 
Clay Resource for Iron Ore Pellet Bonding. Bu- 
Mines Rept. of Inv. 7206, December 1968, 17 pp., 


figs. 
18 Anderson, Scott, Dinesh Tandon, L. B. 
Kohlenberger, and F. G. Blair. Strength of Ad- 
hesion of Dried Clay Slurries to Window Glass 
as a Function of Slurry pH. J. Am. Ceram. Soc., 
v. 52, No. 9, September 1969, p. 521. 

19 Caine, John B. and R. E Toepke. Another 
Look at Moldability. Foundry, v. 97, No. 6, 


June 1969, pp. 74-77. 
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dividual States for the sampling, testing, 
and evaluation of clays and other ceramic 
materials. As part of one such program, a 
report entitled "Analyses of Clays and 
Shales in East Tennessee" was prepared in 
the Bureau's Knoxville Mineral Supply 
Field Office and submitted to the Tennes- 
see Division of Geology for consideration 
as a State publication. Bureau of Mines 
Report of Investigations 7244 "Raw Mate- 
rials for Lightweight Aggregate in Appa- 
lachian Region, Alabama and Georgia” 
was published in March 1969. 

A report was published detailing the re- 
sults of a program of research in which 
the Bureau of Mines collaborated with the 
Louisiana Geological Survey in the testing 
of clay samples from each of the 64 par- 
ishes. It was concluded that deposits of 
clays suitable for the production of light- 
weight building materials are widespread 
throughout almost all of that State.20 

A group of expanded shale producers in 
California organized the Ceramic Light- 
weight Aggregate Association for the de- 
clared purpose of disseminating technical 
information regarding their product and 
thus advancing a better understanding of 
its capabilities, not only as a building ma- 
terial, but also for road surfacing and soil 
conditioning. The techniques of dust 
collection and air-pollution control werc 
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stressed as prime concerns of the new asso- 
ciation. The raw materials, automated 
equipment, and operating procedures em- 
ployed by a firm supplying lightweight ag- 
gregate to customers in Montana, Idaho, 
and Washington were the subjects dealt 
with in articles in two technical journals. 
Some account was given also of fuel-cost 
experience at the newly enlarged plant 
and of the end uses being served by the 
product.21 A method devised by the Amer- 
ican Concrete Institute for determining the 
correct proportions of water and cement 
for mixing with expanded aggregate ap- 
pears to be a notable advance in the tech- 
nology of those lightweight materials. The 
new method makes it possible to deter- 
mine a common density factor for any 
lightweight aggregate, which then serves as 
a guide for the selection of the optimum 
cement-water-aggregate ratio.22 


20 Louisiana Geological Survey, Department of 
Conservation, Baton Rouge, La. Clay Resources 
Bulletin No. 2: Occurrence, Test Data, and 
Evaluation of Clay for Making Lightweight Ag- 
gregte. January 1969, 145 pp., 1 map. 

21 Levine, Sidney. Montana Lightweight Pro- 
ducer Expands to Satisfy Growing Market. Rock 
Products, v. 72, No. 3, March 1969, pp. 63-66. 

Trauffer, Walter E. Montana Lightweight Ag- 
gregate Plant Expanded. Pit & Quarry, v. 61, No. 
11, May 1969, pp. 169-171, 178. 

22 Science News. Method for Concrete Mixing. 
V. 96, No. 3, July 19, 1969, p. 49. 
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Table 2.—Value of clays produced in the United States, by States 


(Thousand dollars) 
Kind of clay produced in 1969 
1968 1969 ————— eY 
Kaolin Ball Fire Benton- Fuller's Miscel- 
Clay Clay ite earth laneous 

Alabama 36, 995 $7,088 X x x x 
Arizona 347 8 x x x 
Arkansas 2,184 2,426 x x x 
California 6, 630 7,448 x x X x X 
Colorado 1,222 1,619 X x x 
Connecticut. 325 x 
ware 11 x 
Florida... .......-- 11,699 13,627 x x x 
Georgia 88, 98,462 x x x 
Hawaii. x 
Idaho 1214 12 51 x x x 
0l... o cese 3 4,818 3 4,821 X X 
Indiana 2, 855 „264 x x 
Iowa... 1,747 1,660 X 
„ , 438 21,070 x X 
Kentucky.........- 41,952 42,076 x x X 
NOs once eee 1,168 2,948 x 
Maine 2 6 2 x x 
Maryland 241,252 241,869 x x x 
Massachusetts x 
Michigan 2, 906 3,037 X 
Minnesota 2359 2412 x x 
KD: 33 9,075 8, 660 X x X X X 
55 „158 53 6,405 x x x 
Montana.........- 534 5 68 x x 
Nebraska 206 223 X 
New Hampshire... ` 41 40 x 
New Jersey.......- 1,008 1,123 x x 
New Mexico 89 89 x x 
New York......... 1,790 1,783 x 
North Carolina 12,148 12,610 x x 
F EE 15,216 11,693 x x 
Oklahoma 967 $1,182 x x x 
Oregon 2284 2 821 x x x 
Pennsylvania...... 117,679 119,637 X X X 
South Carolina ,928 10,911 X X 
South Dakota 1,119 1,171 x x 
Tennessee 35,772 37,064 x x x 
F 8, 860 8, x x X X x X 
Utah. 1476 1,286 x x x x x 
Virginia 1,714 Í. x 
Washington r 2 258 ? 484 x x 
West Virginia 2 ur ? 848 x x 
. x 
Wyoming.........- 17,275 18,970 x x 

Other s____ 11,225 8,910 

Total 7. r 246,938 264,415 

Puerto Rico 481 454 


r Revised. 
S X Major producing States which account for approximately 90 percent of production. x Other producing 


1 Value of kaolin included with “Other” to avoid disclosing individual company confidential data. 

3 Value of fire clay included with “Other” to avoid disclosing individual company confidential data. 

3 Value of fuller's earth included with “Other” to avoid disclosing individual company confidential data. 
4 Value of ball clay included with “Other” to avoid disclosing individual company confidential data. 

s Value of bentonite included with “Other” to avoid disclosing individual company confidential data. 

* Includes Nevada, North Dakota, Vermont and value indicated by footnote 1 through 5. 

? Data may not add to totals shown because of independent rounding. 
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Table 3.—Kaolin sold or used by producers in the United States, by States 


(Thousand short tons and thousand dollars) 


Year and State 


h ĩðdÄ ⁰⁰ et 


1969: 
Calilornia...c. 2236 ue Eee uud 
E TEE 
South Carolina 
Other States 3 


Totali... EE 


Sold by 
producers 


Quantity 


3,214 
3,664 
3,336 


3,944 


Used by 
producers 


Quantity 


794 


Quantity 


4,739 


Total ! 


Value 


$69 ,461 
81,984 
81,321 


1,694 
4,534 


92,486 
268 
87,956 
8,884 
5,154 


102 ,262 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1 Data may not add to totals shown because of independent rounding. 


2 Less than Le unit. 


3 Includes Alabama, Arkansas, Florida (1969), Idaho, North Carolina (1969), Pennsylvania, Texas, Utah, 


and States indicated by symbol W. 


Table 4.—Georgia kaolin sold or used by producers, by uses 
(Thousand short tons and thousand dollars) 


China clay Refractory 
paper clay, uses 
etc. 
Year 
Quantity Quantity 

J ccoiuser c Ate LU EE 2,478 243 
19 œ W 2,719 487 
e pa UNS 2,708 301 
IUS otra es E 2,947 218 
e NORE ANES 3,358 318 


Quantity 


2,721 
3,206 
3,009 
3,165 
3,676 


Total kaolin 


Total 


$57,411 


67,156 
69,327 
19,061 
87,956 


per ton 


$21.10 
20.95 
23.04 
24.98 
23.93 


Average 
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Table 5.—Ball clay sold or used by - 
producers in the United States 


(Thousand short tons and: thousand dollars) 


Year Quantity Value 
1965... L yD um Sosa 591 $8,197 
1966 Mae EPOD 8 571 1,922 
. 559 7, 446 
1968... eee ewe 630 8,351 
1 locus 682 9,720 


Table 6.—Fire clay, including stoneware clay, sold or used by producers in the 
United States, by States 


Sold by Used by Total! 
producers producers 
Year and State 
Short tons Short tons Short tons Value 
(thousands) 
%/«ö»—ẽßõ̃ Ii. 2, 823, 837 6,191,812 9,015,649 $43,114 
9 cose De uae 8 2,596,470 6,181,695 8,778,165 42,179 
J)). 8 2,512,411 5,460,002 7,972, 413 42,157 
1968 
Alabama.. W W 581, 699 3,032 
AMTODR deae 30. — | icona 30 
Californian 126, 249 896,154 522 , 403 1,935 
Colorado 128, 045 112, 475 240, 520 830 
Hines 93,013 153, 727 246, 740 1, 466 
Indiana 130,314 51,285 181,599 ° 840 
Kansas . ----- W 157,848 349 
Kentucky. c 80, 573 115, 028 195, 601 950 
Missouri 68, 226 996, 008 1,064,284 4,334 
New Jersey................- W W 84, 120 624 
New Mexico W 2,0 13 
O16 c K 895,986 1,117,053 2,013,039 10,081 
Oklahoma.................. ð ete EEN 476 
Pennsylvania 435,852 988,160 1,424,012 11,317 
T'GX88 EE W W 766,165 1,988 
!·Ü ee eee w W 11,916 4 
Other States 22222 589, 590 1. 575, 708 561, 526 5,389 
Tot]. 22 8 2,547,878 5,506,074 8,053,952 42,094 
1969: 
Alabama.............-....- W W 462,820 1,994 
AMIZONG 042 x 8 15 15 (3) 
Colorado. .................- 154,188 133,975 288,163 1,073 
Illinois w W 215,176 1,618 
Indians = ob W 165,847 314 
Kentuck ce 66,195 131,976 198,171 1,054 
Missouri... .. 69,843 970,521 1,040,364 4,968 
New Jersey W 81,764 575 
New Mexico. . ---------- 2,432 12 
Ebene 1,106,711 924,888 2,031,599 6,731 
Oklahoma...........-...-.-. ........- 381 881 
Pennsylvania 382,930 823,531 1,206,461 12,921 
Terss EE W 35,102 1,669 
Other States 4923 922,877 1,573,619 932,855 4,842 
ff 2,702, 244 4, 558, 906 7,261,150 37,715 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.“ 
1 Data may not add to totals shown because of independent rounding. 


? Includes Arkansas, California (1969), Idaho, Kansas (1969), Maine, Maryland, Minnesota, Mississippi, 
Nevada, Oregon, Utah (1969), Washington, West Virginia, Wyoming (1968), and States indicated by symbol 


3 Less than 1⁄4 unit. 
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Table 7.—Bentonite sold or used by producers in the United States, by States 


Value Value 
Year and State Short tons (thou- Year and State Short tons (thou- 
sands) sands) 
1 //,§öÜ— 1,887,947 $20,407 1969: 
1966... eege 2,060,616 22,010 Colorado. ............ 1,428 $7 
KI EE 2,042,841 20,490 Mississippi..........- 299,123 3,525 
Oregon 604 7 
1968: NK d ĩᷣͤ ee 99, 828 655 
Arizona 28, 197 318 Wyomn ggg 1,952,174 18,871 
California 33, 139 655 Other States !_____..__ 287 ,055 2,859 
Colorado 1, 885 13 | 
Mississippi 277,449 3,128 Pell! su. ¿zu 2,640,212 25,924 
Oregon „022 12 
CGT 92,487 611 
Utali. ¿L suu mU 1,5 26 
Wyoming 1,777, 383 17,163 
Other States 1... 224,408 2,044 
Dot!!! ees 2,487,526 23,970 


1 Alabama, Arizona (1969), California (1969), Montana, Nevada, North Dakota (1969), Oklahoma, South 
Dakota, and Utah (1969). 


Table 8.—Fuller's earth sold or used by producers in the United States, by States 


Value Value 
Year and State Short tons (thou- Year and State Short tons (thou- 
sands) sands) 
e ne y 674,422 $15,795 1969: 
1966... ( E 759, 638 18,354 Florida and Georgia... 778,175 $21,123 
LTE 803,919 20,539 Utah... L 22 2,834 51 
1968 — — Other States 1. 208 , 608 4,199 
Florida and Georgia... 704,572 18,609 Total 984,612 25,373 
Utah... i29 2,993 55 
Other States 11. 213, 985 4,512 
Total. eim 921,550 23, 176 


1 Includes California (1968), Illinois, Mississippi, Nevada (1968), Tennessee, and Texas. 
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Table 9.—Miscellaneous clay and shale sold or used by producers in the United States, 
by States 


(Thousand short tons and thousand dollars) 


Sold by Used by Total ! 
Year and State producers producers 
Quantity Quantity Quantity Value 
MOCO cee ee eo Be 1,310 38,043 89,354 $47,957 
19600 eegener 1,156 39,005 40,161 49,865 
J)); 88 1,054 38,259 39,312 52,085 
1968: 

Aab iias W W 2,043 2, 558 
h ⁰ ob. A ee W W 49 26 
Arkaia ee deg, —débozt 760 760 1,164 
California... 8 346 1,806 2,153 4,206 
Colorado. soi ß tes 8 366 874 879 
Connecticut 195 195 325 
Delaware______ aM 1 12 2 
% ³o˙ ] ]ͥ tee 1,631 1,631 1,619 

SEN SEENEN SEH 3 
Ke EN, EE 12 12 4 
JHO: EEN 2,074 2,080 9,347 
ET VC so cn y eie 271 1,098 1,369 2,015 
9dncnͥ o cero e ³ĩð2WA ³ð2 —Jxlicdr 1,264 1,264 1,747 
Kansäs c ß is, — Anse 774 774 1,084 
Kentucky. _______.------------------ W W 1,023 1,002 
Louisiana 863 863 1,163 

Mall. L 522-020 cfe An 42 42 
Maryland: ose nee w W 1,078 1,252 
Massachusetts 257 257 314 
Michigan 2, 599 2, 599 2, 906 
Miri ⁵ ⁵ ↄ ⁵ðͤ A + a 240 240 359 
Mississippi.....................-..-- tee 1,063 1,068 1,422 
LK GENEE 1,369 1,369 1,824 

Mon Ende aMMa 80 
Nebraska 148 148 206 
New Hampshire 41 41 41 
New Jersey... 289 289 384 

New Mexico W 64 
New York aaa aaaaaMMMMMiMsMsMMŅMM W 1, 675 1,790 
North Carolina... 2 3,310 8,310 2,148 
lO os orc A Pre E A e 285 2,452 2,737 5, 186 
;õÄõ˙’¼õ⁵— —ð¹Aſ ³⁰ AA 726 726 968 
/ oĩ’—m-w k U TSS O cac ns w W 212 272 
Pennsylvania... .-------------------- W w 1,610 6,362 
South Carolina... 1. 355 1.855 1,229 
Tennesse JFF” ucc az 1,151 1,151 674 
"TDuwsgic-i c x ß k m a 3, 756 3,756 5, 888 
tS ic oo ³˙¹ AAA uy wb quara 1 142 143 854 
VIYpInIg EE 1,462 1,462 1,714 
Wes... W w r 255 r 258 
West Virginia W W 194 219 
Wisconsin 222-22 17 17 84 
Other States 222 537 r 8,843 677 786 
el. wot ee ss Ru 1,456 r 39,647 r 41,104 r 56,863 


See footnotes at end of table. 
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Table 9.—Miscellaneous clay and shale sold or used by producers in the United States, 
by States—Continued 


(Thousand short tons and thousand dollars) 


Sold by Used by Total ! 
Year and State producers producers 
Quantity Quantity Quantity Value 
1969: 

RTR oe ee SO u. S SOS 294 2,144 2,438 $3,335 
Arkansas... et ee ee —-RESSES 833 883 1,091 
Affen LUE ee CE EE 836 1,737 2,573 5,876 
Colorado W W 442 539 
Connecticut. __...__---.-.------ ee tee ee 197 197 341 
Delawate.......oclelsaczegses aem: ume 11 11 11 
Georgia. Led oco K ue W W 1,663 2,001 

FIS Wa hen rn ae Zum w yy eee ĩ Van E. d 2 2 
Mr gege ere lee W W 23 51 
Iiir ! W W 1,648 2,708 
ET CH E EE W W 1,317 1,950 
degen acuti 1,199 1,199 1,660 
Kansas.. W W 797 1,070 
Kentucky. ch W W 1,034 1,022 
Louisiana ^ aaa 1,078 1,078 2,943 
Ill... ~kecode 42 56 
Maryland. ._-_..._.__..-..._..-..---- W W 1,152 1,369 
Massachusetts `, 832 332 625 
Met EENEG 2,667 2,667 8,037 
Minnesota. 275 275 412 
Mississippi W W 1,099 1,136 
IBSS0UTI; I Sau ⅛ - eure — ¿masu 1,211 1,211 1,437 

Montana. .... .. . ec W W 94 
N c. o e ovans ³ W W 149 223 
New Hampshire 44 44 40 
New Jersey MMMMMMMMMM W W 245 547 
New Mexico W W 67 77 
New gork Kk . ..... W W 1,623 1,788 
North Carolina W 3,342 2,610 
e u Pi d te 215 2,940 2,000 4,962 
Oklahoma v . eer  ------ 802 802 1,178 
r ·oð˙¹id ² ¼ W W 215 314 
Pennsylvania 90 1,430 1,520 6,716 
South Carolina 1,848 1,848 2,026 
enneggee LLL LLL LL L2 2222-2 W W 1,265 1,130 
Texas.. W W 3, 593 5,402 
ele Al cist ee tetas: 838 seme 1,677 1,677 1,504 
Washington 25 205 230 434 
West Virginia W W 247 348 
Wisconsin nnn 2 12 12 24 

WYOMING 2.625206 c cleo c ee ccteeee Danuba 40 40 
Other States 2.___ ..______-__- 1,032 19,770 845 1,208 
l ˙¹¹ᷣ AAA ce 2,493 39, 894 42,387 63,361 


r Revised. W Withheld to avoid disclosing individual company confidential data. 

1 Data may not add to totals shown because of independent rounding. 

? [Includes States indicated by symbol W and Arizona (1969), Florida, Nevada, North Dakota, South Dakota, 
Utah (1969), Vermont, and Wyoming (1968). 
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Table 10.—Clay sold or used by producers in the United States in 1969, by kinds 1 


(Thousand short tons) 


Miscel- 
laneous Fire clay Kaolin Benton- Fuller's Ballclay Total 
clay and ite earth 
shale 
Heavy clay products: 
Building brick. ............. 17,355 2,579 (D. Lic hee (2) s 19,933 
Drain tile. ................- 886 (4) (7 SE Ge 3 886 
Vitrified sewer pipe 1,471 862 (9 Sule aan 31,882 
Other heavy clay products 261 i118. me ed s 511 
Total... 2.22 some akoi 19,973 8,053 (D.  ----- cu (2) 23, 168 
Portland and other cements... 12,049 45 (2) pr nu $ 12,117 
Lightweight aggregate 9,826 „ (2) s 59,826 
Refractories: 
Firebrick and block.......... (4) 2,819 400 ots (à 3,315 
Foundries, steelworks (bulk) . (4) 492 (4) 6 787 en (4 1,887 
e Kg alumina brick (Min 50% 
Mn HENCE t 63 » usse TENA sees 3 63 
SE EE (4) 104 G a BE 122 
Saggers, pins, stilts, and wads (4) ( Xe is (*) (4) 
Other refractories...........- 74 245 123 (°) SE 113 414 
e ideenrosi sh 74 8,723 604 787 cc 113 5,300 
Filler: 
Fertilizers. ................- () 95: adess (2) AES 98 
Insecticides and fungicides... (4) (2) 25 187 zs 3 215 
Paint. cc. ocho 8 (Q) ^ ll 122 (4) (2) SE 125 
Paper coating and filling. 2 Pu 8 (2) (2) 3 af 
Ee 371 VM Ee Ee 3 871 
Other filler uses 16 (2) 161 10 (2) SE 228 
((( esat 16 (2) 8,164 12 5 187 (2) 3,426 
Absorbent uses: 
Animal rr E (4) 150 —-— 3150 
Floor sweeping eompounß d. (4) 284 Nem 3 284 
Other absorbent uses „„ 16 186 Ber s 202 
lil! (^. ^ in ^ Aaa 16 620 EN 5 636 
Rotary-drilling mude 2 (2). sate 582 92 (2) 5 676 
Floor and wall ole -...--------- 46 188 43 (2) bie 93 5 370 
Pelletizing (iron ore).------------ .....3  ....--  —----- 787 GE Y 781 
Potter ae and stoneware: 
biteeware (4) (4) 7161 (2) m 389 5 7 550 
Other pottery and stoneware.. 44 74 () . aussa SE (7) 7 118 
Total. 2 AA 44 74 161 (2) Ble 889 5 668 
pecan decolorizing and clari- 

Ing. zl enu edsaeue Geeese:. 8 197 47 € 244 
Catalysts (oil refining) ........... (D + os 67 (2) 3 M 5 70 
Other chemicals (2) 90 (2) (2) PN. 90 
Miscellaneous other uses 358 201 566 259 35 87 1. 820 

Grand total 
1969 . . sn 42,387 7,261 4,739 2,640 985 682 58,694 
1968... ( r 41,104 8,054 4,201 2,488 922 630 r 57,348 
r Revised. 


1 Data may not add to totals shown because of independent rounding. 
? Included with “Miscellaneous other uses 


3 Incomplete' figure; remainder included with “Other.” 


4 Included with “Other.” 


š Incomplete figure; remainder included with “Miscellaneous other uses.“ 
6 Some “Other refractories" included with foundries. 


7 Some “Other pottery and stoneware" included with whiteware. 
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Table 11.—Shipments of refractories in the United States, by kinds 


chrome ore predominating). 
See footnotes at end of table. 


Shipments 
Product Unit of 1968 1969 
quantity — 
Quantity Value Quantity Value 
thousands thousands) 
CLAY REFRACTORIES 
Fire clay (including semisilica) brick and 1,000 9-inch 260,397 $50,745 269,751 $56,852 
shapes, except superduty. equivalent 
Superduty fire-clay brick and shapes sso cus 71,075 23,152 75,189 26,268 
High-alumina brick and shapes (50 per- GER, races 54,872 30, 821 65,020 87,199 
cent A130; and over) made substan- 
tially of calcined diaspore or bauxite.! 
Insulating firebrick and shapes ----do.-.-- 50,928 15,269 59,989 17,788 
Ladle brenn... exce E, d SE 200, 203 26,118 205, 850 27,386 
Sleeves, nozzles, runner brick and tuyeres do 44, 768 12, 075 54, 082 15, 545 
Glasshouse pots, tank blocks, feeder parts 
and upper structure shapes used only 
for glass tanks. 11 
Hot-top refractories ...----------2-- Short tons.. 49,857 4,289 87,350 8,134 
Clay-kiln furniture, radiant-heater ele NA 8,817 NA 10,391 
ments, potters' supplies, and other 
llaneous shaped refractory items. 
Refractory bonding mortars, air-setting Short tons 62,856 8,309 77,675 10,375 
(wet and dry types). š 
Refractory bonding mortars, except air- E, E 12,687 1,589 15,974 1,974 
setting types. š ` 
Plastic refractories and ramming mixes 2. do 177,623 17,108 170,219 15,202 
Castable refractories (hydraulic-setting)..  ....do..... 164,512 18,613 178,394 19,987 
nn castable refractories (hydraulic- ....do..... 37,978 5,463 41,165 6,168 
setting). 
Other clay refractory materials sold in ene: SE 281,796 7,302 345, 227 9,077 
lump or ground form. 4) 
Total clay refractories............ . XX 229 , 660 XX 257 ,946 
NONCLAY REFRACTORIES 
Silica brick and shapes 1 2000 9 neh 59,568 $14,793 68,668 $17 , 476 
equivalen 
Magnesite and magnesite-chrome brick -...do..... 93,273 96,522 103,642 112,601 
and shapes (magnesite predominating) 
Sr molten cast and fused mag- 
nesia. 
Chrome and chrome-magnesite brick and ....do..... 20,312 18,391 21,637 20,816 
shapes (chrome predominating) (ex- 
eluding molten cast). 
Graphite crucibles, retorts, stopper heads, Short tons. 14,661 18 ,641 16,416 15,057 
and other N refractories containing 
natural graphite. 
Mullite brick and shapes made predomi- 1,000 9-inch 5,136 8,293 6,212 9,937 
nantly of kyanite, sillimanite, andalu- 
site, or synthetic mullite (excluding 
molten-cast). 
Extra-high alumina brick and shapes ¿Z SO ics 2,918 8,245 8,705 9,558 
made predominantly of fused bauxite, 
fused or dense-sintered alumina (ex- 
cluding molten cast). 
Silicon carbide brick and shapes made -...do..... 3,823 11,988 8,695 13,530 
predominantly of silicon carbide (in- 
cluding kiln furniture). 
Zircon and zirconia brick and shapes assa casas 1,722 5,480 2,114 6,508 
made EE of either of these 
materials. 
Fosterite pyrophyliite, molten-cast, dolo-  ....do..... 23,973 89,901 25,612 48,462 
te, do omite-magnesite, and other 
nonclay brick and shapes including car- 
bon refractories except those containing 
natural graphite. 
ortars: 
Basic bonding mortars (magnesite or Short tons 87 , 433 7,746 95,210 8,335 
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Table 11.—Shipments of refractories in the United States, by kinds—Continued 


Shipments 
Product Unit of 1968 1969 
quantity ——n — — — —ę— 
Quantity Value Quantity Value 
(thousands) (thousands) 
Mortars—Continued 
Other nonclay refractory mortarg _- s ORE 82,771 $5,799 25,027 $4,576 
Nonday 5 castables (hydraulic- -...do..... 83,710 7,950 88,410 8,778 
setting). 
Plastic refractories and ramming mixes 
(wet and dry types): 
Basic (magnesite, dolomite, or -...do..... 144,484 17,926 168,474 24,508 
chrome ore predominating). 
Other nonclay plastic refractories and  ....do..... 65,825 14,455 64,171 18,681 
ramming mixes. 
Dead-burned magnesia or magnesite. .... 222200... 118,918 7,808 119,881 8,098 
Nonclay gunning mixes. . ..------------ -...do..... 260,188 25,270 249, 578 26,209 
Other nonclay refractory materials sold in ....do..... 151,208 9,459 256,820 10,827 
lump or ground form. 
Total nonclay refractories........  ..........- XX 313,167 XX 359, 102 
Grand total refractories.. ..----.---- XX 542, 827 XX 616,448 


NA Not available. XX Not applicable. 

1 Excludes data for mullite and extra-high alumina refractories. These products are included with mullite 
and extra-high alumina brick and shapes in the nonclay refractories section. 

2 Now included with fireclay (including semisilica) brick and shapes, except superduty. 

3 Includes data for bonding mortars which contain up to 60 percent A1:0;, dry basis. Bonding mortars which 
contain more than 60 percent A1: O,, dry basis, are included in the nonclay refractories section. 

* Represents only shipments by establishments classified in “manufacturing” industries, and excludes ship- 
ments to refractories producers for the manufacture of brick and other refractories. 

s Includes data for calcined clay, ground brick, and siliceous and other gunning mixes. 


Table 12.—Shipments of principal structural clay products in the United States 


Product 1965 1966 1967 1968 1969 


Unglazed brick (buildings) 
1,000 standard brick.. 8,089,181 7,606, 237 7,117,853 1 7,289, 669 


Value.. ---.--------------- thousands.. $301,038 $292,914 $285,630 365 $818,892 
Unglazed structural tile short tons.. 313,260 261,481 234, 517 191,067 241,509 
Value.. . . . ² A thousands $5,128 $5,317 $4,900 $4,169 $6,875 


alu 
Vitrified clay sewer pipe and fittings 
short tons.. 1,782,159 1,610,818 1,572,167 1,705,528 1,788,546 


rr ex RE Re thousands.. $103,420 $96,707 $97,880 $109,465 3120, 420 
SACR, tile, ceramic p including glazed 
brick ,000-brick equivalent.. 307, 944 292, 525 230, 064 211,223 200, 074 
lf. ⁰ . l... ..- thousands.. $25,480 $25,179 $21,274 $19,708 $19,188 
Facing tile, unglazed and salt glazed 1,000- 
tile, 8-by 5- by 12-inch, equivalent 6,327 5,207 3.352 3,032 2,965 
Vd TE thousands $1,435 $1,284 $837 $750 $729 


Clay floor and wall tile and accessories, in- 
cluding quarry tile 1,000 square feet.. 283,385 272,688 257, 532 274, 512 284, 780 
M/ olco ue 2 i thousands. $141,739 $183,266 $128,139 $138,819 $142,878 


Total value thousands.. $578,190 $554,667 $538,110 $590,776 3608, 982 
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Table 13.—World production of china clay, by countries 


(Thousand short tons) 
Country ! 1967 1968 1969» 
North America: 
WGXICO EE 
ie ³ðͥ50hEc. / ³ð d ĩð a a a aS 3, 978 4,201 4,789 
South America: 
EE 71 80 NA 
)////üũͤĩõĩö[W˙ ] is E .... 8 32 29 46 
/// ͥ ⁰⁰¶yddͥ d 12 98 97 
Ecuador u; S mu ß ß Beet asa (š) 1 NA 
%% ahh Lf y mt a s 1 NA 
Europe: 
aer / ]0¹¹in . ͥ dd EE 108 106 e 110 
Belplü EE 109 e 110 NA 
1Xôö· ff.“... EE 138 140 143 
Czechoslovakig ee eee eee eee 369 876 e 390 
Denmark: | 
Crude. us e e T A ĩͤ Z EE 17 e 17 e 17 
Washed and pressed. . .................-.. Lll ll lll eee 3 ° 3 e 3 
France CREER S EEN 488 474 e 490 
Germany, West (marketable)____ l... -- 445 451 e 480 
Q5. MM TIME EE GER 8 17 TT 66 
Hongarye ʃũ- .............k. 88 73 78 e 70 
Italy 
Crude EE ³ĩo n. ] ³ ß 97 90 106 
Kaolinitic ert e on veo eum — 17 e 10 NA 
LN ia EE 41 45 e 45 
Rumania e___ ð 55 55 55 
Spain (marketablemmmuͤapn 288 250 e 250 
Sweden. ccce ... 8 r 32 31 e 30 
USSR EE 1,900 1,900 2,000 
United Kingdom... .... yy mt ⁰ r 2,901 8,094 e 9,000 
Africa: 
Ree EE 8 14 14 
Kenya MEINE ſydſſ m ß 8 2 1 2 
Moeampiggeee SQ Tu usu c aue 1 (3) (š) 
2s] EE HH E (š) (š) 1 
South Africa, Republic oft 36 86 87 
Swaziland... I... ae ee ener Be DO k 8 2 2 2 
F/ ³·Ü ¹ i EE ĩè 6 (3) 1 1 
United Arab Republic UUDD 7!!! „„ 85 34 NA 
Asia: 
Ceylon EEN 3 3 3 
Hong Ener 9 6 5 
111111 ee a ea ee s le SS a a us SSS 565 558 621 
i sa EE y ß m y E 166 187 208 
Korea South ] ⅛] ] (r: ð ß mt sS De LE 113 133 150 
J%0%%0%%%%%%%õͤõͤͤͤ ³ÜW2 . uu pe 5 oe ⁰⁰km;x 8 NA 3 
JJ! ³˙¹0¹ es ie ĩᷣ d mt 88 2 2 2 
Pakis tand 3 3 e3 
Taiwan.... r 68 NA 12 
Oceania: Australia 66... r 78 66 e 70 
77/öCõö˙Ü ³ꝛ ]iQ- ð³Ü¹•.- ma 12,867 12, 836 13,870 


e Estimate. P Preliminary. r Revised. NA Not available. : 

! China clay is also produced in Brazil, China, mainland, East Germany, Indonesia, Iran, Israel, Southern 
Rhodesia, South Vietnam, Thailand, and Yugoslavia, but data on production are not available; small quanti- 
ties are produced in Angola, Malagasy Republic, Morocco, and Paraguay. 

2 Kaolin sold or used by producers. 

3 Less than Le unit. 

* Includes kaolinitic clay. Ko . 

5 Total crude production, including clay saleable as produced and clay requiring further processing to make 
it of saleable grade. 

6 Includes ball clay. 

? Totals are of listed figures only. 


Coal—Bituminous and Lignite 


By J. J. Gallagher ! and L. W. Westerstrom ! 


For the second year in a row the de— 
mand for bituminous coal and lignite was 
greater than production. United States bi- 
tuminous coal and lignite consumption 
plus exports increased in 1969 to 563.5 
million tons, a gain of 14 million tons, or 
2.6 pcrcent over that of 1968. Production 
reached the level of 560.5 million tons, 3.0 
million tons less than demand but 15.3 
million tons greater than output in 1968. 
This paradox, as in 1968, reflected in large 
part a continuation of wildcat strikes. 

With consumption and cxports up and 
production lagging behind, consumers 


again went into their stockpiles in 1969, 
reducing them by more than 5 million 
tons. 

The electric utility industry established 
a new record of coal consumption in 1969. 
The total burn of bituminous coal and 
lignite in 1969 was 308.5 million tons, 
compared with 294.7 million tons in 1968, 
an incrcase of 4.7 percent. Electric heating, 
including sizable increases in commercial 
and industrial installations, continued to 
add significantly to electric demand. 

Although gas and oil gave added compc- 


! Industry economist, Division of Fossil Fuels. 


Table 1.—Salient statistics of the bituminous coal and lignite industry in the 
United States 


Item 1965 1966 1967 1968 1969 
Production thousand short tons 512,088 533,881 552, 626 545, 245 560, 505 
TEEN thousands.. $2,276,022 $2,421,298 $2,555,378 $2,546,340 $2,795,509 
Consumption thousand short tons 459, 164 486, 266 480, 416 498, 830 07,215 
Stocks at end of year: 
Industrial consumers and retail yards 
thousand short tons 77,393 74, 466 93,128 85,525 80,482 
Stocks on upper lake docks. ...... do... 2,347 2,342 2,280 1,937 1,484 
Epe n uomo En do.... 50,181 49,302 49,528 50,637 56,234 
Imports 1_____ ool ee eL do.... 184 17 227 22 109 
Price indicators, average per net ton: 
Cost of coking coal at merchant coke 
OVelS. EE $9.65 $9.81 $10.33 $10.58 $10.75 
Railroad freight charge iii $3.13 $3.01 $3.00 $3.01 $3.10 
Value f.o.b. mines (sold in open market). . $4.13 $4.24 $4.34 $4.38 $4.65 
Value f.o.b. mines $4.44 $4.54 $4.62 $4.67 $4.99 
Method of mining: 
Hand-loaded underground 
thousand short tons 36,028 28,243 19,219 14,755 11,700 
Mechanically loaded underground. do 296, 633 310,281 329,914 329 , 387 335,431 
Percentage mechanically loaded 89.2 9]. 94.5 95. 96.6 
Percentage cut by machine 53.9 51.0 49.1 48.4 46.2 
Mined by stripping thousand short tons 165,241 180,058 187,134 185,836 197,023 
Percentage mined by stripping. ........ : 32.3 34.1 
Mined at auger mines 
thousand short tons 14,186 15,299 16,360 15,267 16,350 
Percentage mined at auger mines 2. 2. 2.9 2.8 2.9 
Mechanically cleaned... thousand short tons 332,226 340,626 349 , 402 340 ,923 334,761 
Percentage mechanically cleaned... ......... 64.9 63. 63. 62. 59.7 
Number of mines .. 7,228 6,749 5, 873 5,327 5,118 
Capacity at 280 days. thousand short tons 655,000 683,000 707, 000 694,000 NA 
Average number of men working daily 222 33,732 131,752 131,523 127,894 NA 
Average number of days worked ?_________-_- 219 219 219 220 NA 
Average days lost per man on strike: _-.----- 7 3 5 4 
Production per man per dae short tons 17.52 18.52 19.17 19.37 NA 
Production per man per year do.... 3, 829 4,052 4,198 4, 263 NA 


NA Not available. 


1 Bureau of the Census, U.S. Department of Commerce. 


2 Interstate Commerce Commission. 


3 Based on data supplied by Accident Analysis Branch U.S. Bureau of Mines. 
4 Bureau of Labor Statistics, U.S. Department of Labor. 
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tition to coal, the nuclear pressure de- 
creased markedly in 1969. Coal had to con- 
tend with accelerated drives for clean air 
and water. Helping to offset these factors 
as they relate to future demand is the 
lively expectation that oil and gas produc- 
tion from coal will start in the not-too-dis- 
tant future. 

In 1969 many new coal mines yielded 
their first output, and a sizable number of 
new mines was announced for future open- 
ings as thc industry sct its sights on new 
production records in the near future. 

The bituminous coal and lignite indus- 
try continued its search for solutions to 
the shortage of manpower to fill the job 
openings at the new and expanding mines. 
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With the new Federal Coal Mine Health 
and Safety Act, producing companies con- 
centrated more attention on methods of 
improving the underground working envi- 
ronment while increasing overall safety. 

This chapter includes all coal produced 
in the United States except Pennsylvania 
anthracite, lignite produced in Texas, and 
bituminous coal and lignite from mines 
that produced less than 1,000 tons during 
the year. All tonnage figures refer to mar- 
ketable coal and exclude washery and 
other refuse. Information on employment 
and output per man in 1969 will be pub- 
lished as a supplement to the Mineral In- 
dustry Survey, the Weekly Coal Report, 
and in the 1970 Minerals Yearbook 


DISTRIBUTION AND SHIPMENTS 


Shipments of bituminous coal and lig- 
nite, summarized by districts of origin, States 
of destination, type of consumer use and 
by methods of transportation, show the 
participation of the bituminous coal and 
lignite industry in various energy markets 
of the Nation, both locally and nationally. 

The distribution data by consumer use 
do not necessarily conform to the con- 
sumption data because the latter represent 
actual use at consumers' facilities whereas 
the distribution data represent shipments 
from the mines, some of which were in 
transit or in consumers' storage. 

Total shipments in 1969 increased 2.7 
percent from those in 1968, with most geo- 
graphic divisions sharing in the increase. 
The largest increases were in the East 
North Central, West North Central, and 
Mountain geographic divisions. Shipments 
to New England, Middle Atlantic, and 
West South Central areas were lower than 
in 1968. Of the total 14.6 million ton net 
increase in shipments in 1969, electric util- 
ities were up 14.6 million tons, coke and 
gas plants increased 2.1 million tons, over- 
seas exports grew 5.4 million tons. De- 
creases of 2.0 and 6.0 million tons occurred 
in shipments to retail dealers and "all oth- 
ers," respectively. Miscellaneous items such 
as railroad fuel, mine fuel, employees' coal, 
Canadian and United States Great Lakes 
dock storage accounts, U.S. tidewater dock 
storage accounts, and net change in mine 
inventory were up 0.5 million tons. 

The quantitative changes in total tons 
shipped, expressed in indexes, that took 
place throughout the country, by geo- 


graphic division, State of destination, and 
consumer use, are shown for the years 1957 
and 1965 through 1969 in table 42. The 
year 1957 is used as the base year, and 
represents 100. For example, 1957 (base 
year) shipments of bituminous coal and 
lignite in the United States amounted to 
493,895,000 tons. Total shipments in 1965 
represented 103.8 percent of the 1957 level; 
in 1966 total shipments, compared with 
1957 figures, amounted to 107.8 percent. In 
1969 they represented 113.4 percent. 

To indicate the size of the bituminous 
coal and lignite market, quantitatively, in 
cach geographic division, State, and con- 
sumer use category, the 1957 total tons 
shipped are shown in lieu of the index 
numbers of 100, which each tonnage figure 
represents (except those otherwise noted). 

These distribution data are based on re- 
ports submitted quarterly, to the Bureau 
of Mines voluntarily by producers, sales 
agents, distributors, and wholesalers who 
normally produce or sell 100,000 tons or 
more annually. The unprecedented cooper- 
ation of these respondents resulted in their 
reporting about 94 percent of all coal pro- 
duced or shipped. To account for total in- 
dustry shipments, estimates for the 
remaining shipments are included, based 
on data from coal trade and other reliable 
coal statistical reporting agencies. 

Additional details of bituminous coal 
and lignite distribution for 1969 are pre- 
sented in a Bureau of Mines report.? 


Bureau of Mines. Bituminous Coal and Lignite 
Distribution Calendar Year 1969. Mincral Industry 
Survey, April 1970, 39 pp. 
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FOREIGN TRADE 


United States imported only 109,000 tons 
of bituminous coal and lignite in 1969, 
less than half the quantity imported in 
1968. Except for 47 tons, all coal imported 
in 1969 was produced in Canada. 

After World War II bituminous coal ex- 
ports became an important item of foreign 
trade, contributing significantly to our in- 
ternational balance of payments. 

In 1969 the United States continued to 
be the largest coal exporter in the world. 
Total exports rose to 56.2 million tons and 
were valued at $585 million, increases of 
5.6 million tons and $89.5 million over 
1968. Nearly 95 percent of U.S. exports in 
1969 were shipped to Japan, Canada, and 
Europe. The bulk of the remaining 5 per- 


cent went to Brazil, Argentina, Chile, Ec- 
uador, and Mexico. 

Shipments of coa] to the "iron curtain" 
countries during 1969 amounted to 159,000 
tons, all destined for East Germany and 
Rumania; 1968 exports to these East bloc 
countries totaled 184,000 tons. 

While exports of coal fluctuated widely 
prior to 1961 because of various emergen- 
cies abroad, since then, with no major 
fuel emergencies, exports have increased 
considerably. There is reason to believe 
that because of its high quality and com- 
petitive price, U.S. coal will continue to 
provide an important part of the coal sup- 
ply in Canada, Japan, and Western Eu- 
rope. 


WORLD REVIEW 


World production of coal totaled 
3,171,390,000 tons in 1969, an increase of 
2.6 percent over the revised total of 1968. 
The United States supplied nearly 571 mil- 
lion tons of bituminous coal, anthracite, 
and lignite, or 18 percent of the world 
output in 1969. 

North America's contribution to world 
output increased 2.4 percent from the 1968 
level. The production of all other conti- 
nents increased. South America rose 5.5 


percent; Europe increased 1.1 percent; Af- 
rica was up 1.7 percent; Oceania showed 
the greatest percentage increase, amount- 
ing to 7.8 percent; Asia was second highest 
with a gain of 7.3 percent. 


Production in the U.S.S.R., the largest 
coal-producing country in the world, was 
estimated at 670 million tons in 1969, an 
increase of 2.4 percent from the revised 
1968 tonnage. 


TECHNOLOGY 


New production records were set at 
many mines in 1969 as a record number 
of continuous mining machines were 
pressed into service. The new units ap- 
peared in more powerful designs and are 
equipped with dual-voltage of 480 and 950 
volts (ac). These machines continue to 
contribute to new production records. In 
one operation, a continuous miner working 
in thick coal produced some 2,100 tons in 
a shift. 

Other highlights of 1969 included the 
installation of more battery-powered front- 
end loaders capable of handling a variety 
of jobs and the successful use of thc elec- 
tric wheel shuttle car. These cars, which 
were introduced in 1968, made gains in 
1969, particularly in mines with wet, soft 
bottoms. Tractor-trailers also increased in 
number and were utilized in a wide range 
of conditions. 


A roof-control technique was introduced 
in 1969 that not only increased safety but 
boosted productivity as well. The applica- 
tion of this machine, called a mincr-bolter, 
eliminates bolting bottlenecks by making it 
possible to bolt and mine simultaneously. 
The miner, for example, can advance four 
fect without interfering with the bolting 
cycle in which bolts can be set vertically 
in any pattern. 

Many new mines are relying on belt 
conveyors, mostly rope sideframe units, for 
transporting coal in panel entries, and an 
increasing number of mines rely on belts 
to carry coal from the section to the sur- 
face. Dust problems and spillage at trans- 
fer points were minimized by more 
effective use of water sprays and transfer 
chutes. At deep shaft mines, fully auto- 
mated hoists improved efficiency and de- 
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pendability in handling coal, men, and 
materials. 


An increasing number of mines adopted 
bulk rock dusting systems that included 
surface storage tanks that can deliver rock- 
dust through boreholes to pressurized cars 
or tanks for delivery to the faces as 
needed. 


In the continuing drive to improve 
worker environment and safety producers 
developed new methods to control dust, re- 
move methane, and to protect machine op- 
erators. Methods to control dust involved 
water infusion, the use of water sprays on 
face equipment and belt conveyors and 
ee ventilation. One company suc- 
cessfully! drilled boreholes to longwall job 
areas to effectively bleed off methane from 
air returns. Expanded use of protective 
cabs on shuttle cars, loaders and cutters 
helped to reduce injuries to machine oper- 
ators. 

Treatment of acid mine drainage water 
was much more widely employed in 1969. 
Treatment methods included the use of 
limestone or slaked lime to neutralize 
mine water. Where lime was used, systems 
included automatic feeding of lime slurry 
to raw water, aeration and subsequent set- 
tling of solids in large ponds. 


In transportation, significant advances 
were made in unit train and barge load- 
ing facilities. One western mine can now 
load a unit train at the rate of 11,000 tph 
from a 70,000-ton stockpile. A loading tun- 
nel runs under the stockpile making possi- 
ble the loading of 84,100-ton cars in less 
than 1 hour. 


These loading concepts were also 
adopted by mines located on or near riv- 
ers. At a Kentucky property, a 5,000-tph 
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loading rate made possible the filling of 
15 barges in less than 5 hours. 

Coal by pipeline will again reach com- 
mercial status as construction began on 
the 273-mile Black Mesa slurry line from 
Peabody Coal Company’s Kayenta mine in 
northeastern Arizona, to the Mohave 
power plant at Davis Dam, Nevada. Oper- 
ation is expected to begin in 1970 with a 
delivery capacity of 660 tons of coal per 
hour. 

Air pollution control efforts were intensi- 
fied. The U.S. Department of Health, Edu- 
cation, and Welfare through its National 
Air Pollution Control Administration dc- 
lineated air-quality regions and an air- 
quality criteria for the guidance of States 
in pollution control. At State and local 
levels, as well as the Federal, there was 
major emphasis on the substitution of 
low-sulfur coal, oil, and natural gas in 
power and other industrial and commer- 
cial facilities. The Bureau of Mines as- 
sisted HEW under contract to study the 
availability of low-sulfur coals in the Appa- 
lachian region. 

Substantial research was conducted in 
coal utilization by the Bureau of Mines. 
Contract work began on construction of 
three pilot plants for research on synthetic 
fuels. Two of these plants are for addi- 
tional research on coal gasification proc- 
esses, and one is a plant combining re- 
search on both liquids and gas. These 
projects, as well as other work being con- 
ducted under Office of Coal Research con- 
tracts, offer the potential for creation of a 
synthetic fuels industry in the United 
States during the middle 1970’s. To mect 
this time table, however, planning is re- 
quired for the demonstration plant stage 
of effort to be combined with industry 
participation on a major level. 
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Table 3.—Production of bituminous coal and lignite in the United States, 
with estimates by weeks 
(Thousand short tons) 


1968 1969 
Maxi- Average Maxi- Average 
Week ended mum produc- Week ended— mum produc- 
Produc- number of tion per Produc- number of tion per 
tion working working tion working working 
days day days day 
Jan, s nec 8,443 5 1,659 Jan 4 leon 4,951 13 21,517 
Jan. 133... 10,177 6 1,696 Jun; 11. u tees se 10,826 6 1,804 
Jan. 20. 10,275 6 1,713 Jun. 185.5559 11,400 6 1,900 
IIC ee 10,929 6 1,822 An. 2L 10,922 6 1,820 
FB ema 8,672 6 1,445 Feb; Lu. AA 10,891 6 1,815 
Feb. 10........... 10, 769 6 1,795 Feb; 6 os. 2 22 sss 11,038 6 1,840 
Feb. 17.2 2. ee 11,058 6 1,843 V . 11,229 6 1,872 
Feb. 24. 10,802 6 1,800 Feb, 22 10, 821 6 1, 804 
Mar. 2 11,337 6 1,888 !( 9,218 6 1,536 
Mar??? . . . be 11,370 6 1,895 Mar. 8__ ` feos 7,893 6 1,316 
Mar. 16........... 10,928 6 1,821 Mar. 19223 s. Geer 10,196 6 1,699 
May: 23... suy 11,309 6 1,885 Mar. 12, 020 6 2,003 
Mar. 30. 22. oou 12,078 6 2,013 Mar. 29. 11,733 6 1,956 
Apr. GGG 9,727 5.3 1,835 ADr 021-0 cu 9,994 5.3 1,886 
Apr. 13. 11,447 6 1,908 Apr E 10,791 6 1,799 
Apr. 20. 11,520 6 1,920 I 2: 11,269 6 1,878 
Apr. 2 m 11, 554 6 1,926 Apr. 28 ------- 11,451 6 1,909 
May 4 ũ%:ꝝ 11,064 6 1,844 May d.a. pex 11,451 6 1,909 
May 11........... 11,384 6 1,897 May 0 8 11,380 6 1,897 
May 18. 11,101 6 1,850 May 17........... 11,431 6 1,905 
May 25. 11,149 6 1,858 May 24. 11,617 6 1,936 
June 1............ 9,583 5.1 1,879 May 31........... 9,929 5.1 1,947 
June 8. 11.664 6 1.944 nere. ue 11.723 6 1,954 
June 1555. 11,707 6 1,951 June 14. 10,090 6 1,682 
June 22........... 11,664 6 1,944 June 1 9,924 6 1,654 
June 299 5, 645 2.7 2,091 June 28 11,325 6 1,888 
July 6............. 4,025 1.7 2,368 July B... cose nce 4,612 1.9 2, 427 
July 13... 9,969 4.7 2,121 July 12............ 4,995 2.2 2,270 
July 20 10,778 5.7 1,891 July 19. 52: 9,253 4.3 2,152 
July 21....-.-.---- 11,386 6 1,898 July 26 9,752 5.3 1,840 
Aug. 3__ ie 11,084 6 1,847 Aus Z 11,577 6 1,930 
Aug.10........... 11,149 6 1,858 AUg.9. das 11,693 6 1,949 
Aug. 17........... 11,250 6 1,875 Aus 1606 ! 11,521 6 1,920 
Aug. 24. 11,417 6 1,908 Aug. 233 10,675 6 1,779 
Aug. 111 11,572 6 1,929 Aug. 0 . 11, 406 6 1,901 
Sept. 7 9,725 5 1,945 Sept 6... 9, 848 5 1.970 
Sept. 14. 11,596 6 1,933 Sept. 13........... 11,632 6 1,939 
Sept. 1. 11,607 6 1,935 Sept. 20........... 11,839 6 1,973 
Sept. 288. 12,309 6 2,052 Sept. 277 11,930 6 1,988 
Oct. ee See 8,415 6 1,403 Oct. 4. oL 8 11,658 6 1,943 
Gee!!! uy S: 4,674 6 779 Oct. Tl. u 8 12,086 6 2,014 
Oct; 19... 8 1,332 6 1,222 Oct 18.2. l L p. 5 11,567 6 1,928 
Oct. 26 10,914 6 1,819 Oct; 25.2 iso: 11,874 6 1,979 
NON 11,597 6 1,933 NOV EE 11,869 6 1,978 
Nov. 9... . 11,008 6 1,835 Nov. 8__ ES 11,607 6 1,935 
Nov. 16 ------- 9,898 5.3 1,868 Nóv. Ir 8 10, 670 5.3 2, 013 
Nov. 23. 11, 343 6 1,891 Nov. 222 ĩ ccs 11,678 6 1,946 
Nov. 0. 9,614 5 1,923 Nov. 9 10,579 5 2,116 
Déc. d. c oc sS Se 10,489 6 1,748 Dee, . 8 12, 499 6 2,083 
Dec. 14. 11.251 6 1,875 Dec: 18. 12,833 6 2,056 
Dec. 11 11,084 6 1,847 Dec. 20 12,056 6 2,009 
Dec. 28. 8,038 5 1,608 Dec: Zl- E 8,261 4. 1,836 
Jan. 4. 14,365 12 21,743 Jan. 39. 5,922 18 21,974 
Total ..... 545,245 298.5 1,827 Total 3. 560, 505 295.9 1.894 


1 Figures represent output and number of working days in that part of week included in calendar year shown. 
? Average daily output for the working days in the calendar year shown. 
3 Data may not add to totals shown because of independent rounding. 
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Table 6.— Number of mines, production, and value, at bituminous coal and lignite 
mines in the United States, in 1969, by districts 


Production (thousand short tons) 


Number ——— n hF- Average. 
District of active Shipped Shipped Used value 
mines by rail or by at Total 3 per 
water ! truck mine 2 ton 4 

1. Eastern Pennsylvania 677 28 ,337 10,218 5,207 48,761 $5.18 
2. Western Pennsylvania 236 83,175 6,255 78 89,508 6.63 
8. Northern West Virginia. 817 89,538 1,445 8 40,986 5.07 
4. AT EE EEN 822 82,675 13,909 4,657 51,242- 4.10 
D. Neuer JEE A ĩ kee aenea ele Anette 
6. Panhandle......................- 15 5,8738 377 2,354 8,104 4,71 
7. Southern Numbered 1............. 451 85,473 472 192 86,188 7.02 
8. Southern Numbered 2 "T" 2,554 147,490 8,359 312 156,161 5.09 
9. West Kentuckx7ʒ. . 80 40,682 6,782 1 47,466 3.52 
Er ës in 8 65 54,854 6,110 3,759 64,722 4.32 
ll. IndiBDB... So ee ides 88 14,626 2,884 2,576 20,086 4.18 
12 sip ĩ ³ͤ whee 14 95 806 3.76 
18. Southeas tern 186 15,127 3,130 771 19,029 7.17 
14. Arkansas-Oklahoma............... 18 3 768 | B ........ 8.18 
15. SBoutheestern ------------------ 18 4,008 492 1,414 5,918 4.61 
16. Northern Colorado 4 426 144 4.52 
17. Southern Colorado 51 4,737 1,088 19 5,798 5.79 
18. New Mexico... ............-...-- 4 439 351977 . . . . - 3,637 2.58 
19. Wyoming 12 1,702 2,852 4,602 3.36 
20. Utah. EE 21 4,240 393 4,657 6.31 
21. North-South Dakota.............- 20 2,974 378 1,352 4,704 1.85 
22. Montana 12 992 Sy Kt EE 1,080 2.18 
23. Washington.....................- 8 673 52 1 726 6.68 
S EE 5,118 468,900 66,030 25,575 560,505 4.99 


! Includes coal loaded at mine directly into railroad cars on river barges, hauled by trucks to railroad sidings, 
and hauled by trucks to waterways. 

? Includes coal used at mine for power and heat, made into beehive coke at mine, used by mine employees, 
used for all other purposes at mine, and transported from mine to point of use by conveyor, tram, or pipeline. 

3 Data may not add to totals shown because of independent rounding. 

* Value received or charged for coal, f.o.b. mine. Includes a value, estimated by producer, for coal not sold. 
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Table 8.—Production of bituminous coal and lignite in the United States, 
in 1969, n districts, and by underground, strip, and auger mining 
(Thousand short tons) 


| Under- 

District ground Strip Auger Total 
. Eastern Pennsylvania 23,762 19, 306 692 43,761 
. Western Pennsylvania.. 34,670 4,760 79 89,508 
. Northern West Virginia 35,343 5,453 190 40,986 
J ͥĩ˙⁰i¹ſ ⁵ ( 0GſTſTꝙTꝙö (((( ͤ ĩͤ a a a a 18, 625 31,014 1,602 51,242 
h; ðV/ſſſͥ/ ããy y dddddddddddꝙdꝙꝙͥͥãͤ ͤ / ͤ V 0 
„ ³⅛ð-d 0 ð ͤãy ĩè sc 7,889 215. 8 8,104 
. Southern Numbered 1111114 31,772 3, 688 678 36,138 
. Southern Numbered zꝛLUTß2ʒt 222.2222 cll cll... l- 122,933 20,182 13,048 156,161 
West Kentucky ee 222 L2 2222222 2222222222 19,834 21,618 14 47, 466 
FFII ³o¹1¹¹ eet head u ⁰⁰ʒ a SS anaes 30,082 34,640 _ . . . 64,722 
Indiana: o l ullu 2,110 17,976 _ . . . . 20,086 
JO EE 368 5844 - 903 
. Southeasterrn . FFC 10,251 8,739 39 19,029 
. Arkansas- Oklahoma 176 580 9 766 
Sl ð« ⁰ daten dns 1 c 5,913 
Northern Colorado ); ˙ 2 SD ee 572 
Southern Colorado 8,878 1.9155 | 5,798 
New Mie. eee X ueste Sees 1 3,6330 3,637 
e fd Lc ee 122 4,481 c 4,602 
)ö•õö˙Ä—Q⅝ eebe ee RAN GBA 4,657 
North-South Dakota o ell ˙ EE 4,704 ........- 4,704 
¿MOntana r l Ulu hU uuu. A 35 995: Loco 1,030 
E EE 53 512 8 726 
M ͥͥͥͥͥõͥ·GwF ae ³² . ³ð2 AA 347,132 197,023 16,350 560,505 


! Data may not add to totals shown because of independent rounding. 
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Table 9.—Underground mine data for bituminous coal 
(Thousand 
Cut by machines 

Cut by Mined 

Number hand Number Average by con- 

State of Production and shot of coal output tinuous 

mines from Quantity cutting per mining 

solid machines machine machines 

Alabama.. ͤ4 74 9,287 144 8,491 96 88 652 
Arkansas.................- ol s; Gu 61 6 IO 
Colorado 43 3,615 2 837 54 16 2, 776 
Illinois 28 30,082 22 12,212 51 239 17, 832 
Iain; ĩ 8 6 2,10 "tege, 1,952 15 130 158 
Iowa T diac 88 3 3688 368 5 „ 
Kentucky 1,028 64,336 4,410 48,300 777 62 11,624 
Maryland. 20 322 33 202 16 13 87 
Missouri. ................- 1 1 1 1 138 
Montana... 7 „„ 35 10 C 
New Mexico 4 836 2 2 1 2 882 
OTIO. oL ·¹³ e 46 18,622 8,363 79 106 10, 262 
Oklahoma 2 ;;! togae ĩðV³ ³ĩðAA ͤ k ĩͤ K eu Mucho iud 115 
Pennsylvania 228 56,039 66 8,778 209 42 45,228 
Tennessee 112 4,473 240 3,731 110 34 502 
Utah... uyu ⁰-= eke 21 4,65 2 520 19 27 3,693 
Vireins deus 598 30,373 2,021 15,277 440 35 11,543 
Washington 3 5 J ³·¹wmͥAAA¹ uhu ene 
West Virginia 867 121,623 925 50,997 879 58 67,336 
Wyoming.................- 4 222 122 11 „ 
dee BEE 3,097 347,132 7,898 160,247 2,779 58 172 ,642 


' Data may not add to totals shown because of independent rounding. 
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and lignite mines in the United States, in 1969, by States 
short tons) 


Mined by Number 


Number of power drills and production 


Face or coal drills 


Roof or rock drills 


lon ll of mines Handheld and Mobile Roof bolting Other uses 
machines using post mounted 
power i 
drills Number Quantity Number Quantity Rotary Per- Rotary Per- 
cussion cussion 
8 59 99 4,307 41 4, 288 53 58 4 14 
d 2 6 6l Seeerei ] A ee E 
3 32 46 179 5 262 15 89 ðᷣ Su 
38 28 2 17 59 12,194 164 nde emn 8 

35 6 3 122 10 1. 830 25 1 2 
S ͤöÜo 8 3 366 J S. SEEE 
diae s uide 855 999 19,355 207 82,887 421 24 9 
5 12 21 SUE eben, owed 8 2. ulscsss — 
533 7 12 ))) ↄ ⁵⁵ kd dd dd ĩ⁊ Siete. t LEE 
— ae 1 1 P ullis 8 2 JFC” ˙Ü1Q A 
3 Ki 23 241 47 8,119 125 3 8 n 

1. 967 160 160 1.783 35 6, 956 304 273 17 33 
. 85 159 3, 225 3 544 19 2 1 1 

441 21 9 89 10 469 9 Al. seeds. Jx 

1,532 ge? 918 11. 53 30 5, 830 187 49 10 7 

2, 865 678 842 19, 108 250 81,861 980 167 34 84 
E 5 9 117 1 4. peas. uba 8 

6,844 2,541 8,082 60,706 701 105,110 2, 325 655 84 98 
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Table 11.—Method of haulage at bituminous coal and lignite underground mines in the 
United States in 1969, by States 
(Thousand short tons) 


Production from mines 


State Reporting Reporting Reporting With Not report- 
rail mine rubber-tired shuttle conveyor ing type Total ! 
cars mine cars buggies haulage only of haulage 

Alabama /// ³¹¹i³d⁴A 4,323 411 9,287 
Arkansag .-...----.-------- % . 25 61 
Colorado 1.757 16 3 1,239 600 3,615 
Illinois //; ĩͤ b 8 25,3888 ``... 30, 082 
Indiana )) 8 1,8888 2,110 
TOWO ST 88 SON urne eis cer ta ALIAE EH 368 
Kentucky................ 17,626 6,115 3,172 26,202 11,221 64,336 
Maryland. ............... 8 44 52 196 22 322 
MT EE 1 1 
Montana: (bituminous) . DE EE 11 35 
New Mexico PME u 8 832 2 836 
Ohio ucl m eere 11,563  . N 6,714 345 18, 625 
SF o del KK ege 107 15 
Pennsylvania 33,887 67 22 21,937 126 56,039 
Tennesse 1, 520 321 24 1.294 1,814 4,473 
e koe 8,430 R 838 296 4,657 
Virginia____ ccu e eres 5,541 5,568 15 14,296 4,953 30, 378 
Washington [o rcx. 53 
West Virginia 19,924 2,257 821 34,885 8,786 121,623 
Wyoming S ͤͤ er t n LED 2 118 7 122 

Total". 165,310 14,485 4,109 140,053 28,177 347,132 


! Data may not add to totals shown because of independent rounding. 
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Table 18.—Bituminous coal and lignite strip mines using power drills in bank or 
overburden in the United States, by States 


Production Number of power drills 
Number —— — 
State of mines Quantity Horizontal Vertical Total 
(thousand short tons) 
1968 1969 1968 1969 1968 1969 1968 1969 1968 1969 
Alabama... .. 33 47 5,264 7,169 7 5 82 48 39 53 
Alaska- once esee dE 3 3 750 1 1 3 3 4 4 
Arkansas- s 3 4 152 1 1 2 3 3 4 
Colorado 4 7 1,764 1. 905 2 2 5 7 7 9 
Illinois 27 27 31,615 32,199 16 19 28 22 44 41 
India. u L. mexx 23 24 15,851 17,823 12 9 30 33 42 42 
Tore, eebe 9 9 451 7 8 10 11 17 19 
Kansas 4 4 1,268 1,313 9 7 2 1 11 8 
Kentucky: 
Eastern 34 57 3,962 6,122 21 27 23 42 44 69 
Western 29 31 27,965 22,713 8 11 48 47 56 58 
Total . 2 santas auii 63 88 31,927 28,835 29 88 71 8 100 127 
Maryland.................... 12 10 8 5 3 2 5 5 8 T 
Missouri. .................... 10 8 8,199 3,299 12 10 5 5 17 15 
Montana: 
Bituminous..............- 1 2 2 3 1 2 1 2 
Eigene 1 1 1 1 mad. Aguas 1 1 
TOU) EE 2 3 8 1 1 1 2 2 3 
New Mexico 2 2 2,653 3, 628 1 1 3 3 4 4 
North Dakota (lignite)......... 1 1 1 | MEOS 1 1 
Ohio oe ͤ ß onus ec tes 133 106 24,788 25,490 82 33 115 106 147 139 
Oklahoma. .. . 4 5 999 1,048 5 4 4 8 9 12 
Pennsylvania 193 214 12,828 13, 348 61 46 183 134 194 180 
Tennessee 32 30 1.934 2,050 27 18 14 25 41 48 
Miri etes 21 17 2,001 1,610 11 7 15 21 26 28 
West Virginia 132 140 8,579 11,434 54 44 108 94 157 138 
Wyomn gg x 6 5 2,257 4 6 5 7 6 13 11 
Totall.:- sol uama ss 717 754 148,874 155,530 298 262 588 626 886 888 


! Data may not add to totals shown because of independent rounding. 
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Table19.—Method of haulage from bituminous coal and lignite strip mines to tipple 
or ramp, in the United States, in 1969, by States 


Strip mines reporting method of haulage Strip 
———————— — —F — .a pH mines 
not re- Total 
porting strip 
Average Average Produc- method produc- 
State Number capacity distance tion of haulage tion 
of per truck hauled (thousand  produc- (thousand 
trucks (short (miles) short tion short 
tons) tons) (thousand tons) 
short 
tons) 
Alabama. __.. . .. ͥͥ ⁰˙LA ee ee ok 141 26.9 5.1 5,336 2,794 8,130 
Eer Ett ⁰³ðm m shaya bacha 13 42.8 6.4 667 .......- 667 
ATKONSES gheet 8 12.8 2.0 155 12 167 
eee ß 16 39.3 2.2 1,284 631 1,915 
Ee EEN 252 64.7 3.7 34,507 133 34,640 
f eannan Aena a a 145 52.3 3.8 17,831 145 17,976 
Ee EE 28 12.9 5.5 52 8 534 
Finn innon aen oeann 19 53.6 5.1 1,813 ux 1,313 
Kentuckùꝶu 408 31.7 4.4 21, 688 15, 815 37, 503 
Maryland. . oe eh 2 31 20.1 5.6 603 359 962 
Missouri... oes ee cms Ere 47 57.7 5.7 3,270 29 3,299 
Montana: 
Bituminous. .........-.--.....--- 4 77.5 1. 5 166 521 687 
ai s. puru E mE uc 4 15.8 2.0 308 308 
Total öͤ§ĩrð.łiD᷑Ii AA 8 8 46. 6 1.8 474 521 995 
New Mexico 19 75.3 3.5 3,628 7 3,636 
North Dakota (lignite)................ 85 24.6 3.5 4,635 71 4,704 
OO os os um 8 583 26.2 8.8 25,847 5,167 91,014 
Okishoma_. .. ul 88 33 32.4 4.0 1,049 664 1,713 
Pennsylvania 1,010 17.3 7. 3 15, 651 6,319 21,970 
Tennesse 127 20.9 9.0 1, 386 1,985 3,371 
VIFPINIG EE 71 19.4 3.9 1,459 2,102 3,561 
Washington........................-- 1 4.0 ad 2 
West Virginia 482 21.8 5.9 10,720 3,744 14,464 
WYOMING 2. os ost e mee ee 34 45.5 1.4 4,481 ......-- 4,481 
DOCG eo cn notre A oe te 3,561 28.2 5.3 156,513 40,510 197,023 
! Data may not add to totals shown because of independent rounding. 
Table 20.—Equipment used at bituminous coal and lignite auger mines in the 
United States, number of units 
Š Augers Power shovels Power drills Bulldozers 
1968 1969 1968 1969 1968 1969 1968 1969 
Alabama.. 2 ; EE E 
ine u SIL LD ee Lo eis xli: God eels dion Sek. u mY. Qo PEE 
Kentucky... . ene ETE 150 146 2 19 5 8 99 86 
Maryland: ... . xS ...-- 5 B. aasan ĩðVv ⅛o· utis 2 2 
A EE 41 40 1 1 1 1 22 14 
Oklahoma 1 J•)!h! i -T 
Pennsylvania 49 OO Xu t x s E 4 7 6 9 
ennessee.. e LL ccce ssl. 9 12 %% ill 1 6 6 
VIYgInIR: cic ĩ VT... ⁵ O RE 68 85 ...... 1 6 2 49 78 
West Virginia 107 105 18 13 16 15 109 94 
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Table 21.—Bituminous coal and lignite mechanically loaded underground in the 
United States, by type of loading equipment 


(Thousand short tons) 


Type of loading equipment 1968 1969 
Mobile loading machines: 
Direct into mine cars or onto conve yorn 21,380 22,178 
Into ffn ð ewes’ 138,320 133,222 
Continuous-mining machines: 
Onto conveyors.._..... ³ðV;%/½ Ee eet 17,433 17,574 
nisse 118,183 121,600 
Etterbeek ee le 24,196 29,125 
Into rubber-tired mine car 4,004 4,343 
Lohgwall machines: 22. 02.6.0 eo Se S SS e la, Se S l p< qeu e wd 4,633 6,344 
Duckbills, scraper loaders, and hand-loaded conveyors.. ................ 1,239 1,046 
Total mechanically loaded P 329,387 335,431 


1 Data may not add to totals shown because of independent rounding. 


Table 22.—Comparative changes in underground mechanical loading of bituminous coal 
and lignite by principal types of loading devices in the United States, by States 


(Thousand short tons) 


Mobile loading Continuous-mining Longwall machines 
State machines machines 
1968 1969 1968 1969 1968 1969 
RTE 8,418 8,215 382 7 Seege 
EIERE, IL eri. AIL d yd 8 
e . eed a 918 800 2,786 r / / A depu cs 
io. ⁵ð 8 12,221 12,208 14,16 17,82 38 
If Sete ⁵ Äũ 1.989 1,952 179 117ͤ;—;ũðw ͥ 
I%%;;öͥõͥöͤõͤĩ; u dec mat d ace 289 KEE "neue di 
Kentucky. ................. 2... .2 lll. 44,071 46,631 10,544 13% — W222 oie wiona 
Maryland... l uo. ul EE 161 150 95 8T eet, 
Montaná....ocuce Romse wr EE 17 ;õöôẽõ³ A EE 
No oAͥlßꝗ ! ³ĩðV— wm 88 763 BIZ. ncs 8 
EE, 6,710 8,215 9,475 hr. tere 
Gin,, 8 31 D Ee 
Pennsylvania__ ß 9,068 8,441 43,391 45,228 1,615 1,967 
Tennesse 3,246 3,484 005^  À % ¿Ou Sieg 
there ee 871 507 3,149 3,693 282 441 
iin acus Tuz Ta 15,540 14,806 10,411 11,543 990 1,532 
Washington 19 Co. x iin. LE ͤ ĩð2ũĩüͤ xVd ( ALI sc ü 
West Virginia- -.---------------------- 56,052 49,467 67,835 67,337 1,746 2,365 
Work 8 110 !! ĩ ĩ˙ . u. Aho: Suma ss 2 
// EEN 159,700 155,400 163,816 172,642 4,633 6,344 
Duckbills, scraper Total production 
loaders and hand- Total mechanically at mines using 
loaded conveyors loaded mechanical loading 
devices 
1968 1969 1968 1969 1968 1969 
Alabama. odo Sen ce ede daa ugue 165 231 8,966 9,098 8,966 9,098 
Arkansas... EE 59 61 59 5 1 
Colorado... EE 43 21 8,747 3,603 3,751 3,603 
US, e TEE 26,389 30,079 26,389 30,079 
I ³⁰˙Ü¹ 01e ͤ ͤ⁰¶⁰ãydv ͥ⁰ e cd E 2, 168 2,110 2,168 2,110 
LOWE ⁵ ³ H ⁵ĩð2ꝗ ĩðͤ d ĩðx K ene ĩðᷣ K Sa V ⁊ĩ E e 289 866 289 866 
, EE 37 33 54,653 58,288 55,042 58,555 
Maryland... .........................- 3 3 259 240 259 240 
Montana. Er 16 14 33 33 33 33 
M ↄ y e 763 832 763 832 
Gill 8 10 4 16,195 18,481 16,197 18,481 
Gall ð⅛ðͤA ⅛ K undam ehe 31 115 115 
Pennsylvania 211 146 54,285 55,782 54,286 55,792 
ennessee_______._._--.-----.-------- 125 64 3,977 4,050 3,977 4,050 
Utah EXC 13 10 4,316 4,652 4,316 4,652 
Vélo BEER 87 72 27,028 27,953 27,156 27,971 
Washington______ lo do secu ; 31 31 50 53 50 53 
West Virginia. 433 343 126,066 119,512 126,159 119,531 
Wvoming. ee 7 7 117 122 117 122 
KREE 1,239 1,046 329,387 335,431 330,005 335,744 


1 Data may not add to totals shown because of independent rounding. 
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Table 23.—Number of bituminous coal and lignite underground mines using mechanical 
loading devices and number oí units in use in the United States, by States 


Number of mines 


Using 
Using duckbills, Using more 
Using mobile continuous- scraper than one 
State loading mining loaders, type of Total 
machines machines and hand- loading 
only loaded device 
conveyors only 
1968 1969 1968 1969 1968 1969 1968 1969 1968 1969 
Alabama ___. 10 IO clus. Bees 19 19 4 5 33 34 
AI ⁵ ↄ 2 d. bwina suran 2 2 
Colorado 22 20 10 14 6 3 5 2 43 39 
Hines 14 10 10 u. better taie 8 9 32 27 
Indiana 8 %! ͤ tox Mum ce 1 1 9 6 
IOWA. cedi snc cre 2 M. eem mes Cenie, / ·˙ tees ` See 2 2 
Kentucky 425 421 41 38 2 5 11 14 479 478 
Maryland___ ------ 2 2 2 2 1 dc nfl Gehzs 5 5 
Montana 3 e uides 2 „ 5 6 
New Mexicooo oo ..... ----. 1 JG! ⁰— z ii eM e 1 1 
r ⁰·w-w» ebb eee sun 14 13 12 13 2 1 5 5 33 82 
Oklahoma 8 1 %%% ³ĩ AA ĩ . . ences 1 2 
Pennsylvania 41 35 108 98 24 19 21 19 194 171 
Tennessee 31 35 6 6 12 Il. 22.3. 1 49 53 
Utah) o mem 10 8 7 8 | nut 5 5 23 21 
Ni -------------- 269 310 40 51 6 4 18 11 333 376 
Washington 2 E 1 FF tasks 3 3 
West Virginia 341 331 147 144 15 9 103 96 606 580 
Wyoming 4 o ib Ae FC 4 4 
Total... ˖ ² AAA 2 1,198 1,210 385 385 93 79 181 168 1,857 1,842 
Number of loading devices 
Duckbills, 
Mobile loading Continuous- Longwall scraper loaders, 
machines mining machines machines and hand-loaded 
conveyors 
1968 1969 1968 1969 1968 1969 1968 1969 
Alabama 77 75 7 So. Vance 7 hz us 28 37 
n ee ³ð³ K ęßꝗ dd ð ĩ K IL eerie 4 4 
Colorado.` ----------------- 58 52 36 J LEE. 13 9 
Illinois- ------------------- 77 69 76 8 DEE 
Ii oe ee 25 22 1 E. eee Ose. T see! 
POWs suu s uyum sZ ek 5 Dees, Wea da c Rud ete. eee). aero 
Kentucky eee? 643 643 108 DAY. Sole. Ek 3 9 
Maryland................. 5 5 3 d uan ͤ 1 1 
Montana 7 5 ee $ ͥ /» TTT 6 7 
New Mexico 4 5 4 %% ³˙·³ A LL mm m 
io 8 56 57 75 J 3 2 
Ghee 8 2 1 DU cote eek ` dee, ` ee 
Pennsylvania 222 187 429 458 8 9 53 40 
Tennesse 56 59 10 TD, teat es tee 23 12 
[Lalu sr re 4:222 82 27 27 29 2 2 2 3 
VE Ak WEEN 335 365 98 118 4 5 10 6 
Washington 3 JJ; ˙ en A Le EE 3 3 
West Virginia 933 884 612 620 8 11 52 40 
Wyoming 4 ZZ! ⁵ ¾ ᷣ K ⁵ĩðͤ mM e ee 5 5 
CCC ded eae 2,542 2,466 1,487 1,571 22 28 206 178 
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Table 24.—Production at bituminous coal and lignite underground mines in the 


United States, by States and methods of loading 


(Thousand short tons) 


Hand loaded Mechanically loaded Total underground 
State production 
1968 1969 1968 1969 1968 1969 
Alabama.. ......-------- 286 188 8,966 9,098 9,252 9,287 
Arkansas- EE se 59 61 59 61 
Colorado 16 12 3,747 3, 603 3,763 3,615 
IIino is 3 3 26,389 30, 079 26,392 30,082 
IndiBDH. . e =G Q us 2,168 2,110 2, 168 2,110 
Iowa uu my Du eme ded 2 289 366 293 368 
Kentucky 6,041 6,048 54, 653 58, 288 60,694 64, 836 
Maryland..............- 95 82 259 240 354 322 
Missouri.. EE 1 
Montana 3 1 33 33 36 35 
New Mexico 4 763 832 768 836 
JO cece betes LL LE 144 144 16,195 18,481 16,339 18,625 
eo 8 31 115 31 115 
Pennsylvania 337 257 54, 285 55, 782 54,622 56,039 
Tennesse 647 423 3, 977 4, 050 4, 624 4,473 
I! TTT. 8 4,316 4,652 4,316 4,657 
Virginia 4,372 2,420 27,028 27, 953 31, 400 30,373 
Washington... ...........  ...-222222 2222222222 5 5 5 5 
West Virginia 2,800 2,111 126,066 119,512 128,866 121,623 
MYVYOMIDE-:-— e e DuwLdstocoo 117 1 1 12 
Total I. 14, 755 11,700 329,387 335,431 344, 142 347, 132 
1 Data may not add to totals shown because of independent rounding. 
Table 25.—Mechanical cleaning at bituminous coal and lignite mines in 
United States, in 1969, by States 
(Thousand short tons) 
Mechanical cleaning 
Total 
State production Number of Raw Cleaned 
cleaning coal coal Refuse 
plants 
Alabama. 1:22 8 17,456 22 19,012 11,498 7,513 
Alaska- Se ene 8 667 3 64 34 30 
A PKANSOS eer 228 1 53 49 4 
Colorado- .-------------------------- 5,530 4 1,960 1,701 259 
e eshte ee s z 64,722 43 68,190 54,911 13,280 
a E, EE 20,086 11 21,435 16,570 4,862 
K ansas 2 1 222 2 cosa eed 1,313 3 1,893 1,308 585 
FKentuieknn bai 109,049 52 58,744 47,149 11,595 
Misgu i eee eck 3,301 4 2,321 1,716 605 
New Mexico 4,471 1 1,023 824 200 
EH 51,242 19 20,610 15,567 5,042 
Oklahoma... .. .. zm 1,838 4 479 338 141 
Pennsylvania. 78,631 77 66,468 50, 755 15, 712 
Tennessee 8,082 5 2, 048 1. 581 468 
Utah. zz ð¾ A v 4,657 6 3,649 3,157 492 
VII e uu. EE 35,555 33 27,233 21,176 6,057 
Washington 58 3 6 53 11 
West Virginia 141,011 143 140, 033 106,297 33, 785 
Wyoming 60 1 7 7 
Other States B. 005; x soe ß e xou di 
d CN RE 560,505 435 435,356 334,761 100 , 593 


1 Includes Iowa, Maryland, and bituminous coal and lignite from Montana, and North Dakota. 


2 Data may not add to totals shown because of independent rounding. 
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Table 26.—Mechanical cleaning of bituminous coal and lignite in the United States, 


by types of equipment 


(Thousand short tons) 


Type of equipment 1968 1969 
Wet methods: 
0 5ð¹¹dd ht ul sane y E 159,028 155,027 
Concentrating tables. 47,268 45,328 
Classifier EEN 4,871 3,401 
// ĩ³˙.Vͥ y a kuq EE UE S ad D. 4,498 4,644 
Dense medium processes: 
Mapnetiie Ee 70,633 71,701 
Sando » rid iL Ä ³ Ku 8 27,027 24,023 
Calcium Series anans J2Jͥͤͥͤ 8 1,839 1,911 
dch NEE 99,497 97,636 
RE d e EE pg ml AN ms B Li ALLE EH 8,961 9,560 
Total, wet methods „ 324,123 315,596 
Pneumatic methods... ..:.-cosl2slcemse-oeewenerugcceszxemedeedeesuis 16,804 19,163 
Grand total... EEN 340,923 334,761 


1 Data may not add to totals shown because of independent rounding. 


Table 27.~Mechanical cleaning at bituminous coal and lignite mines in the 


United States, in 1969, by States and by underground, strip, and auger mining 


(Thousand short tons) 


Underground mines Strip mines Auger mines Total, all mines 1 
State Total Total Total Total 
produc- Cleaned produc- Cleaned produc- Cleaned produc- Cleaned 
tion tion tion tion 

Alabama 9,287 8,838 8,130 2,660 39 ec 17,456 11,498 
Alaska... i ſ 8 667 J;ö·ö;— A 8 667 34 
Arkangag Ol. uc 167 49. A ĩ Nowe 228 49 
Colorado 3,615 1,692 1,915 NS A 5, 530 1,701 
Minges. 30,082 24,090 34,640 30,8200 64,72 54,911 
Indiana. ..........-..... 2,110 1,810 17,976 14,760 ....... ....-.. 20,086 16,570 
EEN 1,313 // » 1,313 1,308 
Kentucky... ............ 64,336 31,276 37,503 15,861 1,211 12 109,049 47,149 
MissourQaQ .- T? loc 3,299 II accetti. „30 1,716 
New Mexico 836 824 3,636 nosoda See LS. L S 4,471 824 
ONG 2: uu u een 18,625 12,299 31,014 3,193 1,602 75 51,242 15,567 
Oklahoma. .........--..- 115 115 1,713 214 9 9 1,838 338 
Pennsylvania 56,039 43,934 21, 970 6,760 622 61 78,631 50, 755 
Tennessee 4,473 1,549 3,371 33 233838 de 8,082 1,581 
CCC 4,657 / EE 4,657 3,157 
Wins 30,373 20, 769 3, 561 255 1,621 153 35,555 21, 176 
Washington 53 53 J õ c 8 58 53 
West Virginia 121, 623 99,683 14,464 4,460 4,924 2,153 141,011 106,297 
Wyoming 122 77 6E... 8 4, 602 77 
Other States 22:2 S 7,196. 22-65 NO. noue 8,005 ....... 
Total! ........... 347,132 250,166 197,023 82,131 16,350 2,463 560,505 334,761 


1 Data may not add to totals shown because of independent rounding. 
2 Includes Iowa, Maryland, and bituminous and lignite from Montana, and North Dakota. 
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Table 28.—Mechanical crushing of bituminous coal and lignite at mines in the 
United States, by States 


Number of plants Coal crushed 
State crushing coal (thousand short tons) 
1968 1969 1968 1969 
Alabama EE 16 22 1,961 1,865 
Alaska... ˙]iĩ1Üm‚1.1 md 88 3 3 750 667 
ARKANSAS = 2 ned ⁰ͤ0— nue cac m EE E 6 6 189 206 
h ³˙wꝛi C u K LLL cds. 29 34 3,306 3,496 
RK, e EE 63 56 37,998 41,291 
Indiani ²⁰ĩ˙¹mſdͤ %” .wdddſſdſſſſ¼ k gu uyana US os 31 26 14,130 13,632 
(Ee 13 12 701 757 
C111 a ⁵⁰¹ A 1 1 978 250 
Fkk. ð 8 126 137 54,871 43,122 
Marr... y rex he 6 9 591 594 
iI cs ᷣ K 9 7 3,167 2, 874 
Montana: 
Bituminou s TEE 8 10 170 710 
TOM CC tee ur M PET 2 2 328 306 
Totali T "— ĩð e 10 12 499 1,016 
New "eer 4 4 3,421 4,464 
North Dakota (lignite). -------------------------- 16 15 4,341 4,542 
ee Ee 107 95 25,278 26,128 
Hen n redimere 5 5 938 1,520 
SE EE 165 163 37,171 37,348 
Tennessee. oco ²» %⅛»öĩ!.y y he E Eie 37 43 3,442 4,072 
DA CN y ule L AEE 21 14 2,609 1,605 
Virginia CHOR NP apa 8 55 54 13,452 16,189 
Washington. e. oves oco elem ⁰ Ud qa e i cd 3 3 9 11 
West Virginia. sss eee Eae 226 217 53,064 51,227 
E TEEN 9 8 1,768 2,477 
% RS 961 946 210,040 265,353 


1 Data may not add to totals shown because of independent rounding. 


Table 29.— Treatment of bituminous coal and lignite at mines for allaying dust in the 
United States 


Thousand short tons Number of plants ! 
Treatment — O HU — — — — 

1968 1969 1968 1969 
Calcium chloride kd 875 1,657 24 22 
C| <; F ͥͥ % irFddTdT0m : nu EOS 44,120 30 , 407 382 353 
Calcium chloride and oil 1,893 2,196 14 11 
All other materials 22. 12,388 12,312 23 19 
Totals heel eene eM raus cn err east 59,276 46, 572 443 405 


t Because some mines used more than one method of treatment, this total may not necessarily be the sum 
of the individual items. 
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Table 30.— Treatment of bituminous coal and lignite at mines for allaying dust in the 
United States, by States 


Number of mines Coal treated 
State treating coal (thousand short tons) 
1968 1969 1968 1969 
;! ³ð³i ͤ K 1 1 2 3 
/G ↄ³Wi ͥͥͥãddddddſ́ãͥͥ ⁰yms 88 24 23 187 172 
III %% ͤ ⁰³ÜWè’r ⅛¾'.k mm uma S hm a LE 43 38 3,502 3,786 
I/ ³ðB/ſ/ y mc CLE M 16 16 625 607 
OW Gees ce ͥͥ %½ͤ]³Ü·6⅛¹ es E 3 3 4 2 
ͤ%;»—wd]. r Si ꝛͤ m 88 2 2 17 76 
Kerntueky. knnen ee p ew 53 47 13,991 9,769 
RE d BEE 2 2 11 12 
Montana: 
Bituminous EE 7 8 19 24 
III.. 8 1 1 1 1 
"DoOtal du ͥ⁰¹1o¹w¹¹AAdͥͥßͥͥſͥ y ALL EL aM 8 9 19 24 
Nee“. aaa a aa RE 3 2 2,657 3,487 
North Dakota (ientei . 16 15 452 660 
7777777ö§§ĩÜͤĩÜ ͤ ͤũ¹i « o: mts re $u E 25 21 3,275 4,249 
G ³⁰˙·—1ð ¾ . ẽ d y eds de esr E 2 1 11 
PennsylVania ice eee ee ed pe Gaeta EE 48 42 10,753 11,143 
Penneseeeee ine e tL A oes 1 2 22 29 
Utah EE 17 16 827 632 
E e Lé E EE 23 21 5,088 4,936 
West iin uah rinena aaa 100 86 17,681 6,858 
e EEN 9 9 152 127 
Ne EE 396 356 59,276 46,572 


1 Data may not add to totals shown because of independent rounding. 


Table 31.—Thermal drying of bituminous coal and lignite in the United States, by 
type of drying equipment 


Number of thermal Thermally dried 


Type of drier drying units (thousand short tons) 
1968 1969 1968 1969 
Fiuidized. bed ... 77 80 38,153 40,639 
REES cz «232 L L ul 42 29 13,831 10,067 
d oe a su unum a u Pa LL a ti 6 5 1,995 1,204 
, . DU URP 33 25 5,897 5,100 
Suspension or flag 40 35 9,202 7,381 
Vertical tray and eascade .... 22... 22222222... 23 18 4,225 2,691 


Pol g RERO tus 221 192 73,303 67,082 
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Table 32.—Comparison of thermal drying of bituminous coal and lignite with 
mechanical cleaning at mines in the United States, by States 


(Thousand short tons) 


Number of cleaning plants 


——————————————— ——- Production mechan- Thermally dried 
State Total With thermal ically cleaned 
drying 

1968 1969 1968 1969 1968 1969 1968 1969 
Colorado --------------- 8 4 1 1 1,706 1,701 702 552 
Illinois. 48 43 25 21 53, 881 54,911 11, 848 10,717 
Indiana. 12 11 6 4 15, 324 16, 570 2,294 1,813 
Kentucky..............- 52 52 9 10 50,246 47,149 3,350 3,529 
North Dakota (lignite).... ...... ...... 2 J — 135 112 
o mcs scc 20 19 T 6 16,942 15,567 3,204 4,212 
Pennsylvania 85 77 11 10 48,541 50,755 5,717 4,547 
BEE 6 6 2 2 2,152 3,157 920 115 
Virginia elec rnc 33 33 7 19,663 21,176 9,633 10,121 
West Virginia 149 143 55 55 114,900 106,297 35,500 30,764 
Other States 46 AT zu 8 16,968 ITC A 
Total lec 22m 454 435 125 119 340,923 334,761 73,303 67,082 


! Data may not add to totals shown because of independent rounding. 


Table 33.—Thermal drying of bituminous coal and lignite at mines in the United States, 


by States 
(Thousand short tons) 
Number of thermal Grand total production Thermally dried 
State drying units 

1968 1969 1968 1969 1968 1969 
Colorado 1 1 5, 558 5, 530 702 552 
Hines 8 46 39 62,441 64,722 11,848 10,717 
Indiana.. -.-------------- 8 5 18,486 20,086 2,294 1,813 
Kentucky............... 18 18 101,156 109,049 3,350 3, 529 
North Dakota (lignite).... 2 2 4,487 4,704 135 112 
Gi ³ A 14 13 48,323 51,242 3,204 4,212 
Pennsylvania 16 11 16,200 78,631 5,717 4, 547 
Eed 2 2 4,316 4,657 920 715 
Virginia_.___ 8 19 19 36,966 35,555 9,633 10,121 
West Virginia 95 82 145,921 141,011 35,500 30,764 
Other Sate. uusssmiew 41,389 JJJ///%/%/%//«öͤ;»ꝛpT ß saan 
Total 44424. 221 192 545, 245 560, 505 73, 303 67,082 


! Data may not add to totals shown because of independent rounding. 
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1969 


(Thousand short tons) 


Route State By State 
RAILROAD 

AlaSkü 2-2 bein m‚wmds I S ELLA BOUE Alaska. e A wees 663 
Atchison, Topeka & Santa Fe. ............... Hines 134 
New Mexico 1,272 
Inos; 493 
Baltimore & Ohio Gio eee dS 10,402 
Pennsylvania 2, 609 
[West Virginia. 21,985 
Bessemer & Lake Erie Pennsylvania 2,183 
Cambria & Indiana e 00 EROR Das 4,974 
Carbon County... gece s... 88 Utah EE 843 
Kentuk e 17,597 

Chesapeake & Ohio ODIO 22 os oo ie oe Ware 2 
West Virginia 39,337 
Cheswick & Harmar_____._... e Pennsylvania 317 
Finde utu ua 11,493 
Chicago, Burlington & Quin Mis MCCC 331 
Missouri... .............-- 156 
Wyoming 765 
Chicago & Eastern IIlinoi sss Illinois 2, 556 
Indiana 770 
Chicago & Illinois Midland — Mines. ee 4,223 
Eise EE 3,194 
Chicago, Milwaukee, St. Paul & Pacific. _ ` ` ` ` Montana 2 
North Dakota (gi, 105 
Chicago & North Western Ines ee 1,347 
TOW ¿L.L = Z ees te 5 
Chicago, Rock Island & Pacific............... mines 1,702 
te EE 203 
Chnchheld uic odo ˙ mm OQ ul Kentune k; 928 
Virginia 3,921 
Colorado & Wyoming Colorado... ao euni 164 
Denver & Rio Grande Westerns... 24252260023 ees %%%%]·³˙ 8 3, 140 
One SE 2,077 
Erie-Lackawanna........................... Ohio...................... 255 
Great Northern... N SE Dakota (lig. 229 
Gulf, Mobile & Ohio Illinois 1,152 
Ilhinois Central... uu o kee Oso. EES %%%! cii 11,562 
Kentucky. ...............- 11,969 
EES KE) e ET ER 4,692 
Kansas City Southern Oklanoma. ................- 281 
Kentucky & Tennessee... ---------------—- Kentukyů y 438 
Lake Erie, Franklin & Clarion Pennsylvania 346 
Alabama n.n 2,301 
Louisville & Nashville Kentucky. seele ee werd ie 34 , 392 
Tennessee. --------------- 1,441 
U VIFgIHId ss So m sS 153 
Mary Ob eccsseu aeaa Alabama, aa. 871 
| , ost . . 1,013 
Missouri-Kansas-Texas_____ 2-2... Missouri- `- -------------- 365 
Oklahoma. .............--- 42 
Arkanaas .------------- 221 
Missouri Pacific 2.2222 22 2l Llc... Nk Jr EE 5,462 
Misr! 11 
(Oklahoma. ---------------- 258 
Ee Indiana... --------------- 93 
Monongahela........ 2 22 2L LLL LLL L2 22s West Virginia 1,286 
Mi. 8 Pennsylvania 2,601 

1//,«öÜ—⁰ĩ•—˙G A LZ 5 
Kentucky eee 12, 474 
Norfolk & Western Misse ut; 309 
ORIG Sou uz. eo den 6,656 
KA dal loeis 22, 794 
West Virginia 37,293 
Northern Pacifica. Montana (bit. and lig.) 991 
North Dakota (lig. 2,215 
Pacific ass... usd uis Washington 10 
Penn Central (includes coal shipped over Kana- [IIlino iss 2,687 
wha & Michigan, Kelley’s Creek, Toledo & 1 SE 9,171 
Ohio Central, and Zanesville & Western) Ohio 11,227 
[Pennsylvania 21, 654 
. (West Virginia 6,432 
Pittsburgh & Shawmut 2... Pennsylvania 1,930 
Alabama  _. 303 
St. Louis-San Francisco. . ... zzz [Arkansas EEN 4 
Kansas s 271 
(Oklahoma ---------------- 1,241 
DOO TEEN North Dakota (gi, 425 


See footnotes at end of table. 


Table 34.—Bituminous coal and lignite loaded for shipment by railroads and 
waterways in the United States, in 1969, as reported by mine operators 


— a — — h — ö—m h — — 


Total for 
route 


663 
1,406 


35,489 


2,183 
4,974 
843 
56,961 


317 


51,171 


1,930 
1,819 


425 
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Table 34.—Bituminous coal and lignite loaded for shipment by railroads and 
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waterways in the United States, in 1969, as reported by mine operators—Continued 


(Thousand short tons) 
Route State By State Total for 
route 
Alabama. 3,871 
Indiana 20 
Southeerrerrrr nn Kentuck/7/ßx/ 384 9,761 
Tennesse 2, 996 
KA: AN EE 2,490 
Tennesse enness et 524 524 
Tennessee Coal, Iron & Railroad Coo Alabama..............-..- 1,897 1,897 
Toledo, Peoria & Western Illinois 719 719 
ier ß ⁵⁵ 88 | Colorado. gs 426 1,364 
Wyoming 938 
11·Ü1—e³ĩ¹ſ eS LE Pennsylvania 803 803 
Vah Se yam os m EE inh c como caves 1,320 1,320 
| Maryland................-. 1,008 
Western Maryland Pennsylvania 440 7,813 
| West Virginia 6,365 
Woodward Iron Company............-...... Alabama 968 968 
Total railroad shipments i 397, 863 397, 863 
WATERWAY 
Allegheny River..........................-.- Pennsylvania. ............. 1,155 1,155 
Black Warrior River... .............-.....-2- Alabama. «2. AAA 3,108 3,108 
Cumberland Rivferrrrr Kentucky................- 144 144 
Green Rivers. f e Le DEE 15,267 15,267 
Illinois River... ........ 22... 22-2 .. -MMM Tinos. cec wee wee 2,777 2,777 
Kanawha Riverrr West Vireinia 5,571 5,571 
Monongahela River Pennsylvania. 18, 829 26,680 
West Virginia 7,851 
Illinois- -------.----------- 2,546 
Indiana 5.2. uuu: 1,377 
Obio iir SE Kentucky_-_. .------------- 4,476 15,161 
/ sseee aai 4,108 
West Virginia 2,654 
Tennessee Rivfe rr Alabama 54 1,174 
Tennesse 629 
Total waterway shipments i 71,037 71,037 
Total loaded at mines for shipment by 468, 900 468,900 
railroads and waterways. 
Shipped by truck from mine to final destination. 66,030 66,030 
Used at mune? ü U 25,575 25,575 
Total production 111i 560, 505 560, 505 


! Data may not add to totals shown because of independent rounding. 


? Includes coal used at mine for power and heat, made into beehive coke at mine, used by mine employees, 
used for all other purposes at mine, and transported from mine to point of use by conveyor, tram, or pipeline. 


Table 35.—Bituminous coal and lignite shipped by unit train in the United States 


(Thousand short tons) 


State 1968 1969 
Colorado. cule leue la ³ↄ 8 731 1,336 
UN O18 ioe ea E AREE dds abc et T se 13,363 17,621 
Kentucky: 

Na EEN 8, 537 7,420 
Wester EEN 4,864 6,845 
KE KEE 13,401 14,265 
MatylanG BEE (2) 150 

Montana (bituminouss ))) )) (2) 
ö ³·˙Üwim ³ð AWA. EEN 10,477 13,014 
FFI ³Ü]] Vd 8 18,054 20,370 
MIPPIHIS 2 else . EE x SUI 5,372 5,067 
West VOI EE 42,289 40,733 
Other States p MCN" 5,435 9,167 
Totali ctc cce te LA E LI LE E 109,125 121, 722 


1 Data may not add to totals shown because of independent rounding. 
? Included in “Other States.” 


3 Includes Alabama, Arkansas (1969), Indiana, Kansas, Maryland (1968), Missouri (1969), Montana (bitu- 
minous and lignite) (1969), New Mexico, North Dakota (lignite), Oklahoma (1969), Tennessee (1968), and 


Utah. 
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Table 36.—Consumption of bituminous coal and lignite, by consumer class, 
with retail deliveries in the United States 


(Thousand short tons) 


Manufacturing and mining industries 


Retail 
deliver- 
ies to Total of 
other classes 
con- shown 5 
sumers š 


19,048 459,164 
19,965 486,266 


8,922 83,542 17,099 480,416 


2,780 47,344 
2,380 44, 523 
1,730 43,188 
773 38,734 
471 39,275 
475 38,856 
465 40, 516 
681 41,458 
943 37,471 
1,357 39, 636 


1.339 41,357 
1,830 46, 472 


15, 224 
2, 597 


2,007 42, 304 
1,509 44,411 


Bunker, Other 
Electrie lake manu- 
Year and month power vessel Beehive Oven Steel and Cement factur- 
utilities ! and coke coke rolling mills ing and 
foreign? plants plants mills? mining 
indus- 
tries 4 
1965 zx 242,729 655 2,693 92,086 7,466 8,873 85,614 
9 8 264, 202 609 2,369 93,523 7,117 9,149 589,332 
CVVT 271, 784 467 1,872 90,900 6,330 
1968: 
January...........- 26,646 1 120 7,975 645 754 8,423 
February.......... 25.115. 2:5. 113 7,634 611 8083 7,867 
Maren 24, 346 3 131 8,082 571 702 7, 623 
Tr nee an 21,929 43 134 7,870 492 754 6,739 
OV soe ee 8 22,574 57 135 8,122 476 856 6,584 
d'une 23,209 49 118 7,840 407 747 6,011 
JULY Z acceda 25,126 46 103 7,835 381 741 5,819 
August -..-.------ 26,530 61 97 7,198 336 748 5,807 
September 22,850 54 85 6,561 325 771 5,882 
October. .......... 23,764 48 76 6,524 390 777 6,700 
November......... 24,781 41 78 6,632 449 828 7,209 
December 27,869 14 78 7.224 574 910 7,973 
Total. 2c 294, 739 417 1,268 89,497 5,657 9,391 82,637 
1969: 
January..........- 29,041 1 73 7379 633 712 8, 132 
Februar 24,7711 70 6,937 563 710 7,246 
Maren 26, 304 3 86 7,579 608 880 7,442 
API 22, 383 28 97 7,581 477 810 6,705 
C 23,142 36 88 7,866 411 771 6.316 
June 24,391 31 87 7,656 374 731 5,861 
July z zz zu nor 27,173 41 78 7,755 348 681 5,557 
August 26,794 40 111 7,729 332 711 5, 573 
September 24, 544 39 120 7, 594 361 695 5, 545 
October. _.__..__.- 25,226 44 111 7,981 414 710 6,122 
November......... 25,735 36 105 7,664 476 807 6,477 
December 28,957 14 132 8,022 563 853 7,267 
Total. 308,461 313 1,158 91,743 5,560 9,131 78,243 


1 Federal Power Commission. 


? Bureau of the Census, U.S. Department of Commerce, Ore and Coal Exchange. 

3 Estimates based upon reports collected from a selected list of representative steel and rolling mills. 

* Estimate based upon reports collected from a selected list of representative manufacturing plants. 

5 Estimates based upon reports collected from a selected list of representative retailers. Includes some coal 
ri cd by truck from mine to final destination. 

6 'The total of classes shown approximates total consumption. The calculation of consumption from produc- 
tion, imports, exports, and changes in stocks is not as accurate as the “Total of classes shown" because certain 
significant items of stocks are not included in year end stocks. These items are stocks on Lake and Tidewater 
docks, stocks at other intermediate storage piles between mine and consumer, and coal in transit. 


530 — 38,611 
3⁄4 39,004 
335 39,466 
442 42,075 
538 41,828 
748 39,646 
1,074 41,742 
1,122 42,422 
1,390 47,198 
12,666 507,275 
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Table 37.—Stocks of bituminous coal and lignite in the hands of commercial consumers 
and in the retail dealers’ yards in the United States, in 1969 
Days' supply at current rate of consumption 
on date of stocktaking 


Manufacturing and mining 


Total industries 
stocks —  - 
Date (thousand Electric Other 
short power manu- Retail Total 
tons) util- Oven Steel and Cement factur- dealers 
ities coke rolling mills ing and 
plants mills mining 
indus- 
tries 
PJ!!! EE 18,156 63 36 17 44 35 2 50 
, a ee al 76,056 64 33 18 41 36 2 50 
Mar; /r K 72, 416 65 30 17 28 38 2 51 
Apr % ĩ 77,054 78 32 21 33 42 5 60 
S/ ³o·¹ WAA 82, 084 83 34 27 39 48 9 65 
June 30 82, 763 77 35 29 43 52 13 63 
IJ uuu Tutu S 74,480 65 26 28 49 54 11 55 
BUGS) EEN 75,128 66 27 34 53 54 10 56 
Sept. 0o L2. . 222. 78,712 72 29 30 57 57 7 60 
IR Bie ee ee aes 83,545 77 33 27 56 55 5 62 
Nh eg 83,322 72 84 24 52 48 6 59 
Dec. 9]. o 5220029 lec 80,482 65 35 21 51 38 4 53 
Table 38.—Distribution of bituminous coal and lignite, in 1969, by method of 
movement and consumer use 
(Thousand short tons) 
Coke Used at 
Electric and Retail All Railroad mines and 
Shipments utilities gas dealers others fuel sales to 
plants employees 
Total shipments to all destinations in the United 
States, Canada, and Mexico, by all methods of 
movements and consumer use, and overseas 
EE 311,992 98,661 15,628 90,989 855 1,450 
Shipments to all destinations in the United States, 
anada, and Mexico by specific method of move- 
ment and consumer use: 
Method of movement: 
TI maze z ous uuu 163,566 52,556 8,391 54,618 ...... ........- 
River and ex- river 70,176 26,015 919. 6.92D- 2: A 
Great Lakes `... ------------------ 18,762 18,460 3,344 10,519 ...... ........- 
Tides ste Ee SS 8,498 5,119 ...... S A aSaSUn 
dk EE a stiess 31,571 1,479 2,974 19,188 ...... ......... 
Tramway, conveyor, and private railroad 19,424 J ͤ oy cuiu 
Method of movement and/or consumer uses 
n a ⅛ ͤ ⁵oV ĩé é K ĩͤ 8 855 1,450 
POG EEN 311,992 98,661 15,628 90,989 855 1,450 
Canadian U.S. U.S. Net 
Great Great tide- change 
Lakes Lakes water Over- in mine Total 
commercial dock dock seas inven- 
docks? storage? storage? exports‘ tory 
Total shipments to all destinations in the United 
States, Canada, and Mexico, by all methods 
of movements and consumer use, and overseas 
Export to Tu uere e Bild ed cT 500 —446 ...... 39,361 890 559,880 
Shipments to all destinations in the United States 
anada, and Mexico by specific method of 
movement and consumer use: 
Method of movement: 
Cõĩ ]⁰²⁰Ü¹w.u.... ẽĩ ĩ˙¹² d x a. 279, 131 
River and / ðD e n“!] o ĩð ` ` ᷑mymß ] ↄ ... r 103, 435 
J%00%0 f ³·Üäʃ . ⁰˙wr ] Sudan uvis ult baie! ee 46, 085 
III J... ³ hh ͤ- v y déc fuk 8 14,001 
TRUGM. 35 0 2552 noc teu LEM ise EE 55,162 
Tramway, conveyor, and private railroad ....... ...... ...... ...... ------ 19,456 
Method of movement and/or consumer uses 
Uubhne s ose cela 500 —446 ...... 89,361 890 42,610 
dk d NEE 500 —446 ....... 39,361 890 559,880 


! Excludes shipments to Canadian Great Lakes commercial docks and U.S. dock storage for which consumer 
uses are not available; however, includes vessel fuel, the destinations of which are not available. 

? Excludes overseas exports for which consumer uses are not available. 

3 Consumer use unknown. 

* Excludes Canada; consumer use unknown. 
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Table 39.—Distribution of bituminous coal and lignite, in 1969, by district of origin and 
consumer use 


(Thousand short tons) 


Used at 
District of origin 1 Electric Coke and Retail All others Railroad mines and 
utilities gas plants dealers fuel sales to 
employees 
JJ EA E EEA 30,722 3,727 402 7,100 117 274 
)) 8 9,150 23, 553 481 6, 539 3 31 
3 and p66 35, 669 5, 913 306 6,240 33 18 
Baan Nome WS anise Saa: 37,411 ` eee 1,366 12,062 127 37 
JJ AE EAEN E AA 1,449 16,784 820 1,084 101 593 
MCN EEE ee nye A E 60,385 33,464 7,742 29,278 240 332 
EE 41,197 196 1,129 4,793 S 
lO. etu A ah te 49, 046 3,376 1,454 12,821 98 52 
111 tea v ass 18,718 125 230 6,068 24 7 
/A cod u Sus TÜ —— un erm 108.  oe212£m —8 
Id... EES 11,067 5,917 255 1,9349 . ........ 2 
L WMV KVV RR 592  / doc 8d ^— cou e 8 
16 EE 5,298 150 80 320 I- 3:21.29 
I/ ull cuu U 32 AQ _ Ae 2 
JJ EENAA 2,149 2,978 368 S03. Lil... Sorosas 
I8... 2 2 ĩᷣ d eL ee 3,687 |. ........ 2 Jd: —ursnlscb fané pe 
111 ee ͤ K 3, 868 32 106 631 21 4 
2a 8 1, 046 1,914 650 711 2 32 
De A tele ae, 3,9338388 165 795 28 66 
22 and on .---------- 902 ů 40 570 B.Sc 
ge NEE 311,992 98,661 `15,628 90,989 855 1,450 
Canadian U.S. 
Great Great U.S. 
Lakes Lakes tidewater Overseas Net change 
commercial dock dock exports 4 in mine Total 
docks š storage 3 storage 3 inventory 
/ ³˙ A E A =Z. 1.404 55 43,799 
J%%000õ0 8 43 JJ — uu osa —66 39,710 
3 and Ree 162 „ 1,131 112 49,632 
doll du Ser ce ey cw oan 86 ö oA QQ. L 2 183 51,1038 
GE —19 1 15,580 69 36,462 
S Sas zu 8 210 —172 —1 21,096 —31 152,543 
99! ieu AAA 2D. abisine — qeu hd 141 47,485 
Är 8 E feet 236 67,000 
14/öÜOõͥ õ ———À——— ees ë usss ë ete ee —12 20,160 
EE ` susu. Eet Gaana. 8 884 
ee eege ` eege. ^ EC, —67 18,523 
Ee Ee ( EC 690 
DG eo ioe Ceo eee · i é A Ett 8 20 5, 869 
/// VVV Aeae 3 591 
erer, ͥ ⁵ Jue. = AA ^ smi ps —15 5,843 
IB ee eet, laedi esu.. "educ. a 8 312 4,034 
ENEE 4,662 
2 TTT 76 30 4, 461 
444444 ³ÄAàA2I4nA. ¼0!VH. ³ĩ»¹ .. —80 4,912 
22 ONG 23:5. 0A K ³˙⁰.. ee, ũ]ↄĩↄ ũ⁴ mn¼l ^ uuu ee, ebe 1,517 
Tote! 500 —44411..? H — 39, 361 890 559, 880 


1 Producing districts are defined in: Bureau of Mines. Bituminous Coal and Lignite Distribution Calendar 
Year 1969. Mineral Industry Survey, April 1970, 39 pp. 

2 Excludes Texas. 

3 Consumer use unknown. 

4 Excludes Canada; consumer use unknown. 
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Table 40.—Distribution of bituminous coal and lignite, in 1969, by destination 
and consumer use 


(Thousand short tons) 


Coke 
Destination Total Electric and gas Retail All 
utilities plants dealers others ! 
New England: 
Massachusetts 2.225 151 58 306 
ConneetieulWttt!;t .. e EEN 2, 295 22 9832ͤ Ís 1 262 
Maine, New Hampshire, Vermont, Rhode Island 1,139 982- Inu 16 141 
Middle Atlantic: 
New YOIk. ⁰¹¹mdäꝛ² ͤ ⁰⁰w a 24, 324 12,891 5,449 90 5,894 
EE 5,500 4,583 434 14 469 
Pennsylvania -` _-------------------------- 59,661 26,187 24,828 613 8.033 
East North Central: 
)))) f T 62, 160 32, 669 12, 625 1, 660 15, 206 
IndianggůaaAaAaAa‚AA‚‚ musei 41,299 22, 389 11,566 656 6,688 
RUN Lu EE 45,244 30,393 3,713 3,077 8,061 
Michigan. on. ß eum eae e 35,674 21,432 4,823 1,166 8,253 
WISCONSIN G Z ð²˙˙à]... K y 14,972 8,531 433 1,740 4,268 
West North Central: 
Minnesota. 8,100 4,591 991 868 1,650 
fe 5,673 3,676 __ E 232 1,765 
RT REES 11,098 8,928 365 122 1,683 
North Dakota and South Dakota 3,996 Dello, `. L bansa 2 230 493 
Nebraska and Kansas___. . . 1,470 1,139 _ 2.. 94 237 
South Atlantic: 
Delaware and Maryland 15,008 8,344 5,368 79 1,217 
District of Columbia 1,235 T64 -22222 80 391 
III o eee LAE ua AA E kue, 12,994 8,240 12 516 4,166 
West Virginia. 2.462 Ecce 24,356 13,847 5,102 265 5,142 
North Carolina 18,711 16.071 — 556 2,084 
South Carolina 5,319 3,660 . ...... 304 1,355 
Georgia and Florida... ..................... 11,951 11,239 2n 163 549 
East South Central: 
Kentucky -vs esuada eee d cu 20,355 15,696 1,827 540 2,292 
Tennessee vm Ee 16,793 13,638 177 656 2,322 
Alabama and Mississippi. iii 25,582 15,375 8,235 131 1,841 
West South Central: Arkansas, Louisiana, Oklahoma, 
J ctc memo ee ee eU eL Dau tks 9229 8 921 7 1 
Mountain: 
Colorado ³ 8 4,687 2,986 919 322 460 
LB H MEC ß a A 2,978 409 1,929 166 474 
Montana and Idadddoo odo 1,063 599 Oz 296 168 
EEN 3,324 3,077 ``- 26 221 
C tese es 8 3,263 3,249 “ste ee 2 12 
Arizona and Nevada 1,103 L.012-. Z gus sani 10 21 
Pacific: 
Washington and Oregon. 77 A Zelhecese 131 321 
, . eui S Sa ae 2.281. 2:222 2,113 103 15 
6!!:;; ec pine ð - 672 139^ 8 33 500 
Canadat*. — se ase ec / sss. amu E 16,224 6,577 6,449 410 2,788 
NM ³·¹ww³i¹³A oð¹w it a udi ucc .f 8 84 
Destinations not revealable 2,175 1,453 382 135 205 
Destinations and/or consumer uses not available: 
Great Lakes movement: 
Canadian commercial docks.............. ooo ³o A aaau 
Vessel fue·ee“ll 2... ll. eee / 0ꝛ·yaußd ͤ y y 
U.S. dock storage nn JJ ³⅛ Ja ͤ JGpunum s ea 
Tidewater movement: 
Overseas exports (except Canada)) %% conem ximus ( dE 
Bünkerfuel ⁰²⁰¹iAꝓꝓ—ĩ Ee "fecu d ]⁊ĩ d ¶⁰⁰ʒyʒ E CU a 
Sh ³²˙ð¹“¹ũð¹₄ꝗZ⁊½)½ yd Eee awe Let ec. 
Railroad fuel: 
U.S. companies... s )) . ĩðVùA· S A ⁰ Nordic 
Canadian companies SJ 8 
Coal used at mines and sales to employees %%% õã ĩV. ]ĩͤ K (m ur arte aur 
Net change in mine inventory SG ⁰’— m oe ee 
JJ%/%//%ͤ⁊—ù0 999669090 xx ß . ¿Sasan Dum 


1 Excludes vessel fuel and bunker fuel, the destinations of which are not available. 
? Excludes shipments to Canadian Great Lakes commercial docks and Canadian railroad companies. 
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Table 42.—The changing levels of bituminous coal and lignite markets—indexes of 
physical volumes shipped to markets, by geographic division, State of destination, 
and consumer use 


1957 
Geographic division, State of destination, (thousand 
and consumer use short 
tons) 
ff ³oA ³ e AA Lu 493, 895 
Electric utilities 160, 754 
Coke and gas plante 112,901 
Retail dealers 39,230 
All others (includes vessel and bunker 
f suci niece E amis 108,711 
Railroad fuel (U.S. and Canada) 9,581 
Canadian Great Lakes commercial 
docks (consumer use not available). . 2,1785 
U.S. Great Lakes dock storage (con- 
sumer use not available) 2 NA 
U.S. tidewater dock storage (con- 
sumer use not available) 2 NA 
Coal used at mines and sales to em- 
ployees ..-.-.-.-- 3,125 
Net change in mine inventory........ 1,142 
Overseas exports (excludes Canada— 
consumer use not available) 55,666 
New England.............................- 11,909 
Electric utilities - 6,012 
Coke and gas plants 1,345 
Retailer dealerfr s 1,279 
All other eR 3, 273 
Massachusetts 5,354 
Electric utilities 2,575 
Coke and gas polants -------------- 751 
Retail dealers --------------------- 755 
Al others` 2. cel ux. eain 1,273 
Connecticut... 042206) Ze 55255500 cece 4,105 
Electric utilities 2,567 
Coke and gas plants... .............. 594 
Retail dealeerrnss 139 
Allothers______.. cereum eR 2s 805 
Maine, New Hampshire, Vermont, Rhode 
I ³˙àA ewe eee 2,450 
Electric utilities k 870 
Retail dealers 385 
r L ¿L Eee 1,195 
Middle Atlantie „ 92,596 
Electric utilities 31,662 
Coke and gas plants 38,448 
Retail dealers 2,498 
All Others: ss REL 19 ,988 
! he oe AAA 26, 753 
Electric utilities cce a Ei Eie 12,335 
Coke and gas plants 5,693 
Retail dealers 169 
All other 7,956 
New Jersey---------------------------- 7,814 
Electric utilities 4,284 
Coke and gas plants 1,249 
Retail dealers ` 130 
Aenne 8 2,151 
Pennsylvania... ` 2... 2. c 2l l.l. 58,029 
Electric utilities 15,043 
Coke and gas plants 31,506 
Retail dealers 1,599 
Al others. 2. 22-226 8 9,881 
East North Central_______ eee 3 170,697 
Electric utilities 66,436 
Coke and gas plants 38,757 
Retail dealerg --_-_--~- 21,321 
AllothefsS C uuu ser ĩͤ v S ¿SSS 3 44,183 
/!öĩÄé⁵% ͥ ⅛˙ꝛ md aae ets ge 55,612 
Electric utilities. 20,193 
Coke and gas plants 15,661 
Retail dealera ---------------- 5,077 
Ahe 14, 681 
Indian 8 94,938 
Electric utilities. 12,853 
Coke and gas plante 13,736 
Retail dealers 2,796 
AlloUhers.— ee cs oe ie a ee ee 5,553 


See footnotes at end of table. 
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Table 42.—The changing levels of bituminous coal and lignite markets—indexes of 
physical volumes shipped to markets, by geographic division, State of destination, 
and consumer use—Continued 


1957 Index 1957 = 100 (except where noted) 
Geographic division, State of destination, (thousand —— — ———————— 
and consumer use short 
tons) 1965 1966 1967 1965 1969 
East North Central—Continued 

UE L Su u su ee oM 342,718 103.8 108.6 109.3 101.7 105.9 
Electric utilities 18,584 135.5 149.6 158.7 151.9 163.5 
Coke and gas plants. 3,925 91.9 92.4 87.9 78.2 94.6 
Retail dealers 8,623 52.9 49.4 41.2 38.4 35.7 
All e TE s SL 311,586 95.0 92.2 83.6 76.5 69.6 
Michigans 0.322.222 8 26,255 127.3 132.4 133.2 140.1 135.9 
Electric utilities 9,839 172.4 187.' 199.3 211.7 217.8 
Coke and gas plante 4,877 109.5 102.8 94.1 100.8 98.9 
Retail dealerg --------------------- 3,368 60.3 54.4 44.1 43.8 34.6 
AHN OUNCES u u lol u te Zl Us 8,171 111.1 115.8 113.5 117.1 101.0 
Wisconsin. EE 11,174 131.2 134.7 139.4 134.9 134.0 
Electric utilities 4,967 139.3 152.7 168.3 167.6 171.8 
Coke and gas plants... .............. 558 92.8 83.0 89.1 60.8 T1.6 
Retail dealers 1,457 160.1 145.2 131.4 136.9 119.4 
All theres 4,192 116.7 116.6 114.8 105.4 101.8 
West North Centrallxxdcd”Gdc 3 20,824 119.9 124.7 128.5 181.3 145.7 
Electric utilities 8,278 178.3 198.8 214.9 238.8 261.0 
Coke and gas plants 1,518 15.0 16.5 15.6 40.5 89.3 
Retail dealers 4,079 52.8 46.3 40.3 38.5 37.9 
All others... mE Rem 36,949 99.6 93.2 88.9 77.7 83.9 
Minnesota .. aaa 5,332 138.9 144.0 133.9 137.5 151.9 
Electric utilities 1,810 223.4 255.5 228.6 211.6 253.6 
Coke and gas plants. 1,206 78.9 78.9 77.0 32.3 82.2 
Retail dealers. 553 128.9 128.8 123.9 143.8 157.0 
All others 1,763 96.3 79.0 78.9 63.7 93.6 
OW d ceu uu 8 34,878 112.9 111.5 113.8 112.3 116.3 
Electric utilities 1,846 149.7 157.9 174.8 185.6 199.1 
Retail dealers 1,254 45.1 35.2 28.3 21.0 18.5 
All 8 31,778 122. 6 117.2 110.6 100.6 99.3 
PPP S. oe 6,862 120.1 123.8 136.8 137.0 161.7 
Electric utilities 2,605 212.7 228.3 266.6 272.3 342.7 
Coke and gas plants 312 59 .6 67.0 70.2 72.1 117.0 
Retail dealers --------------------- 1,495 23.3 18.5 12.6 10.0 8.2 
BIR e EE 2,450 88.5 84.2 83.1 78.9 68.7 
North Dakota and South Dakota. ` 2,416 91.5 124.0 141.8 156.5 165.4 
Electric utilities 1,378 98.5 157.7 190.3 227 .0 237.5 
Retail dealers- --------------------- 517 84.5 77.0 71.0 60.3 44.5 
r 2-222222 521 80.0 81.6 84.1 65.5 94.6 
Nebraska and Kansas 1,336 120.5 102.3 93.9 101.8 110.0 
Electric utilities 639 165.6 124.6 134.7 171.4 178.2 
Retail dealerg ss 260 34.6 23.1 17. 19.6 36.2 
All others 437 105.7 116.9 79.4 49.0 54.2 
South Atlantic 52, 560 137.1 153.1 168.4 168.2 170.4 
Electric utilities 22,251 192.5 231.5 267.7 272.1 279.4 
Coke and gas plante 11,321 95.5 92.0 91.4 88.1 92.6 
Retail dealers ----------------- 4,165 55.5 52.6 50.6 50.7 42.5 
All others 14,223 110.8 112.9 113.7 108.9 104.8 
Delaware and Maryland 10,358 128.3 136.0 144.4 142.7 144.9 
Electric utilities... 3,000 233.1 270.3 290.4 286.5 278.1 
Coke and gas plant ges 5,414 94.5 91.7 99.6 93.2 99.2 
Retail dealerg ------------------ 420 53. 3 26.4 22.1 21.4 18.8 
All others. `- ĩðöu ĩ 1,524 62.6 58.8 49.5 68.6 19.9 
District of Columbia 1,097 * 49.3 4 81.8 4 80.8 1 80.9 112.6 
Electric utilities. 609 49.4 81.6 89.'7 110.5 125.5 
Retail dealers.....................- 188 63.8 53.7 47.3 44.1 42.6 
All others 300 4 40.0 499.7 483.7 443.7 130.8 
er al WEE 10,553 131.6 135.3 140.8 137.6 123.1 
Electric utilities. 4,435 170.8 185.9 200.6 204.3 185.8 

Coke and gas plants 165 161.2 157.6 43.6 2.4 T. 
Retail dealers..._.....__..__--_.--- 1,756 51.8 47.3 42.9 41.0 32.8 
All others. eL 8 4,197 122.4 117.8 122.3 112.9 99.3 
West Virginia. ------------------------- 15,771 122.6 127.8 147.4 155.8 154.4 
Electric utilities. 6,290 138.3 152.5 201.4 218.0 220.1 
Coke and gas plante 5, 742 94.6 90.4 85.1 85.8 88.9 
Retail dealers 302 92.4 101.7 129.8 140.7 87.7 
All others... co ommum 3,437 143. 3 147.4 154.1 160.2 149.6 
North Carolina 8,716 142.0 176.1 210.0 194.0 214.7 
Electric utilities 4,953 189.1 246.8 289.7 281.8 324.5 
Retail dealers 1,248 50.2 51.2 51.0 49.6 44.6 
Aloe. 8 2,515 94.7 98.9 100.6 92.8 82.9 
South Carolina 3,050 141.0 167.8 182.1 153.9 174.4 
Electric utilities. 856 278.9 378.5 452.9 881.0 427.6 
Retail dealers --------------------- 321 82.2 92.2 83.8 85.7 94.7 
All others 1,873 88.1 84.5 75.2 61.9 72. 3 


See footnotes at end of table. 
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Table 42.—The changing levels of bituminous coal and lignite markets—indexes of 
physical volumes shipped to markets, by geographic division, State of destination, 
and consumer use—Continued 


Geographic division, State of destination, 
and consumer use 


South Atlantic—Continued 

Georgia and Florida 
Electric utilities 
Retail dealers _- 

All -others  . ul ⅛˙•ůme l A ¿L dt 
East South CentralꝝlLlll 
Electric utilities. 
Coke and gas plants. ............... 
Retail dealers... ..................- 

Al others- s 
Kentucky ou ˙r⁶0ĩéBͤhé“ sme Eat. 
Electrie utilities 
Coke and gas plants 
Retail dealers _-------------------- 

All others... s See er Ga 
Tennessee 
Electrie utilities 
Coke and gas polants 
Retail dealerftr sss 

All othertr g 
Alabama and Mississippi 
Electric utilities 
Coke and gas plants 
Retail dealers 


homa, eee m 


Coke and gas plants 
Retail dealers 


Electric utilities 
Coke and gas plants 
Retail dealers. -22-2 ------- 
All othert᷑rnnqß Zs 
, . ner a 
Electric utilities... 
Coke and gas plante 
Retail dealers. ............-.......- 
All sthes‚s tebe 


Electric uülties 22.22... --- 
Coke and gas plant? 
Retail dealers 


Electric utilities Www 
Retail dealers -------------- 
All others. 
Wyoming... 22242222059 c 
Electric utilities. 
Retail dealers 
Allothers_______ e erte Ee 
New Mexico? 
Electric utilities )).. 
Retail dealers 


Allothers_____ 22:272 2z 
Phe. s ß ei D c Ds Sas 
Electric utilities 
Coke and easapnlants nun 
Retail dealera ..................- 

All othe s 
Washington and Oregon 
Electrie utilities 
Retail dealers 
Allothers______._. ³ði . oe ois aes 
Calff err 8 


Coke and gas plante 
Retail dealer 
All otheers -- 


See footnotes at end of table. 


1957 


short 
tons) 


3,015 
2,108 
530 
377 
43,283 
23, 572 


Index 1957 = 100 (except where noted) 
(thousand. m 


1965 


do OO 00 Q3 O» C Q3 tO 00 bet C ^ C» Q2 02 CO Ov O2 00 02 O0 — P. OO do OO cO OY O2 A do 00 C OG OCO 0 (OO (GO EK (OO (toto O cO > O C -10 O G> Ov i> i> HR O 


1966 


Be — 3 — tO >. lc tO. ASO O0 Q3 02 —1 DO Q2 BO F^ 3 €O OO Ov e C» G O0 tO ATCO i= CO IO OP O 02 DODN AUDO m cO oo Go = OR 00-12 O to O G>; O (2-160 So co O e 


1967 


to S S x O to >= G Ov to WNW = O tp oo to `a O Go tp 00 oto Ov i e tO i> O —1 G> tO O e LE 


1968 


Octo c cO tO i 0009 O O 00 O bo =3 BO D G> EO e 1 -3 D = O D OO to Ot lO -1 0 I i I 00 OO tO CG > 0 00 i= 9200 i CO ot 2 n n = 2 D 2300 — 


1969 


396.4 
533.2 

30.8 
145.6. 
144.9 
189.7 

98.6 
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Table 42.—The changing levels of bituminous coal and lignite markets—indexes of 
physical volumes shipped to markets, by geographic division, State of destination, 
and consumer use—Continued 


1957 Index 1957 = 100 (except where noted) 
Geographic division, State of destination, (thousand ——————-—— — — 
and consumer use short 
tons) 1965 1966 1967 1968 1969 
Pacific—Continued 
Alaska- EE 829 95.2 103.5 114.8 97.0 81.1 
Electric utilities 470 92.3 43.4 28.7 28.1 29.6 
Retail dealerg 2.222-22- 49 81.6 89.8 87.8 75.5 67.3 
All others.______ Ne 310 101.6 196.8 249.7 204.8 161.3 
Canada EE 17,878 87.4 88.4 85.3 93.7 93.7 
Electric utilities. 567 705.6 794.7 869.8 990.4 1,160.0 
Coke and easaplants --------------- 4,602 115.0 127.2 119.8 145.5 140.1 
Retail dealers 857 83.8 65.1 51.6 60.2 47.8 
All others_____._. 8 7,183 62.2 61.4 55.3 47.2 38.8 
Canadian Great Lakes commercial docks (con- 
sumer use not available)................... 2,785 38.6 15.4 13.2 16.2 18.0 
Canadian railroad companies 1,884 4.0 2.5 1.8 1.6 1.5 
Mexico O 2o oec LIE Lu ee es NA 105.3 94.7 108.8 129.8 147.4 
All others 10b0b0̃l NA 105.3 94.7 108.8 129.8 147.4 
Destinations not revealable 11I .. 100.4 87.8 12.0 154.9 157.6 
Electric utilities 1. | . 2 2222. LL LLL 105.0 62.0 98.0 237.4 292.4 
Coke and gas plants iIIIl . 54.8 83.4 42.8 78.3 102.1 
Retail dealers iii 89.8 80.8 49.5 59.6 136.4 
All others !!... eee Lee 138.8 124.6 72.7 147.8 50.0 
Destinations not available: 
Great Lakes vessel fuel 1ł⁊2 1,859 54.0 56.7 47.2 47.3 51.2 
Tidewater bunker fuel i122 41 31.7 31.7 12.2 0 0 
Railroad fuel, United States com- 
p ND NE 7,697 16.1 16.4 14.9 12.7 10.7 


NA Not available. 

1 For Great Lakes dock storage the annual base period is 1959 =100. The 1959 annual tonnage was 304,000 
tons. 

2 For tidewater dock storage the annual base period is 1959 =100. The 1959 annual tonnage was 26,000 tons. 

3 District 15 shipments to Illinois included with Iowa. 

4 A considerable block of tonnage is included under Destinations not revealable.’’ 

5 For electric utilities in Arkansas, Louisiana, Oklahoma, and Texas the annual base period is 1963 =100. 
The 1963 tonnage shipped to electric utilities was 24,000 tons. 

6 For electric utilities in Montana and Idaho the annual base period is 1959 =100. The 1959 tonnage shipped 
to electric utilities was 179,000 tons. 

7 For total shipments and electric utilities to New Mexico the annual base period is 1963 =100. Total ship- 
ments to New Mexico were 1,132,000 tons and for electric utilities 1,085,000 tons. 

8 For electric utilities in Arizona and Nevada the annual base period is 1962 = 100. The 1962 annual tonnage 
shipped to electric utilities was 335,000 tons. 

9 Includes shipments to Canadian Great Lakes commercial docks and Canadian railroad companies. 

10 Since tonnages for Mexico were first published in 1960, yearly indexes are based on 1960 =100. 1960 tons 
were total 57,000, all others 57,000. 

11 Since Destinations not revealable" were first published during 1960, the calendar year indexes are based 
on 1960 =100. These figures are as follows: Calendar year 1960 total not revealable 1,380,000, electric utilities 
497,000, coke and gas plants 374,000, retail dealers 99,000, all others 410,000. 

12 Included in summary at beginning of table in “All others.” 

13 Included in summary at beginning of table in “Railroad fuel.” 
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Table 43.—Average value per ton, f.o.b. mines, of bituminous coal and lignite 
produced in the United States, by States 


1968 
State 
Under- Strip Auger 
ground 

Alabama. .......-...-.........-- $8.78 $4.79 $8.16 
Alaskan occ Sesto eee eae see te ĩ S 6.00 ...... 
Alo AAA 8 7.82 (it. EN 
Colorado... canc cU ReREX 5.48 39.49. look 
UHinssss. uem ze 4.14 3.92 3.25 
Indians lll. necu 2 e 4.38 39.81 ...... 
IOWS-.- 2.02222 x 3.83 S. Tl levee 
Kansas oo u ZZ zen n EE E 8 B-15- aicczc 
Kentucky- natier en cee 4.30 3.35 3.06 
Maryland....................... 4.25 3.64 2.00 
(ET EEN 4.20 s.l 

Montana: 
Bituminous. ................- 8.53 1.86 `.. 
KEE eege, i 1.89 
Ota EE 8.53 1288 z 
New Mexico 8.38 2.66 ...... 
North Dakota (lignite)............ . tS. l4 
Ohio- EE 4.46 8.72 3.39 
Oklahoma. ................-..-..- 6.46 5.85 8.16 
Pennsylvania 5.97 3.84 4.05 
ennessee_____________-_-_--_---- 3.66 3.61 3.60 
H EENEG D TT. sic) 8 
Voie All SE 5.07 8.55 9.48 
Washington....................-- 9.07 291 E 
West Virginia 5. 46 4.31 4. 06 
Woll . . . ee sais 6.34 3.06 ...... 
TOU oe nili ͤ 2 Ls um x 5.22 8.75 8.53 


Total 


i> 02 02 0102 02 >. i> YO] 


& | oc  O109 OF OT GO et CODD | = G> 


Under- 
ground 


Or] MNIWOInw nas 


1969 
Strip Auger 
$5.23 $5.55 
6.5444 
TAE Susser 
2.09 uosess 
4.29. sosote 
4.05 ...... 
9.10. n isncx 
M MEN 
3.53 3.39 
4.01 2.30 


GEI 


CO, On GO a he | bäta 
MN NM AOC | OO 
Ot > O: €O C: 00 cO 


u | WROD 
co | NaNO 
2282 
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Table 44.—Production and average value per ton, f.o.b. mines, of bituminous coal and 
lignite sold in open market and not sold in open market, in 1969, by States 


(Thousand short tons) 


Production 
State 
Sold in Not sold 
open in open 
market market 
Alabama 2 10,267 1,188 
＋.Vwiwuvu. Soe ee 8 601. — 
Arkansas... -MMMM . 
Seer. Z. SSS. SS 4,024 1,506 
ines E E A AT 63,891 831 
, ek ee a ass 20,086 .......- 
[Iowa EEN 993 
CVVẽẽWsn. Qu Lu EE 1,313 ........ 
Kentucky. _ 2. eee 101,574 7,475 
E a MT WE 368  ........ 
Mise. Boeck ae r 
Montana: 

Bituminou s 721 1 
Lignite. e ees 308 
!!! ³· u ans 1,029 1 

New Mexico 3,660 812 
North Dakota (lignite )))) 4,580 125 
LÉI EE 44,879 6,363 
Oklahoma: 2: o Z p te me 838 __ 
Pennsylvania 49,689 28,943 
Tennessee 5922 
M 2. L. Q u h s sas eus 2,614 2,044 
Kei: alt co cu ͤ ³]ñ ̃ ss um EC usss 34, 856 699 
Washington „„ 
West Virginia 121,231 19,780 
Wyoming 2, 545 2,057 
Total ns u ee io hehe apun 482 ,682 11,823 


Total ! 


17,456 
667 

228 
5,530 
64 , 722 
20,086 
903 
1,313 
109,049 
8 


3,301 


122 
308 


1,030 


560, 505 


1 Data may not add to totals shown because of independent rounding. 


Average value per ton, 
f.o.b. mines 


Sold in Not sold 
open in open Total 
market market 
$6.03 $9.52 $ 
0.54 . 2.2 locu 
7.90 occ 
4.41 7.56 
4.30 5.62 
ANS: ashes 
So. TO. ee 
5.42 EE 
3.96 6.56 
F 
4.89  ........ 
2.18 2.02 2. 
2.08 5.60 2; 
2.14 2.05 2. 
2.59 8.50 3. 
1.84 2.00 1. 
4.14 3.82 4. 
5-80" 2225255 5. 
4.89 7.56 5. 
3800 Ee 3. 
4.77 8.28 6. 
5.39 7.02 5. 
„„ E 8. 
5.53 6.95 5. 
3.84 2.15 3. 
4.65 7.05 4. 


me [OOO Gas | NN 


| Pop or O9 ie RAID 
[un 
Co 
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Table 45.—Summary of operations at lignite mines ! in the United States, in 1968, 


by States ? 
Item Montana North Total 3 
Dakota 
Number of Mines 226225 boc ð2¶) ee See 2 22 24 
Production (thousand short tons): 

lipped- Dy rall 4 J secu eee el ; 329 2,950 3,279 

Shipped by truck 1 1 1 
Used at mines EE 1,221 1,221 
TOPI EEN 330 4,487 4,817 
Average value per ton $1.89 $1.78 $1.79 
Number of shovels and draglines 3 45 48 
Average number of men working dailůũꝰꝰ : 16 297 313 
Average number of days worked............................- 242 217 218 
Number of man-days worked (thousands) 4 64 68 
Average tons per man per day____-_____-_-____------- eee 85.13 69.65 70. 53 


1 All strip. 

2 Exclusive of Texas (lignite). 

3 Data may not add to totals shown because of independent rounding. 

4 Includes coal loaded at mines directly into railroad cars and hauled by trucks to railroad sidings. 

5 Includes coal used at mine for power and heat, used by mine employees, used for all other purposes at mine, 
and transported from mine to point of use by conveyor or tram. 


Table 46.—Summary of operations at lignite mines 1 in the United States, in 1969, 


by States 2 
Item Montana North Total 3 
Dakota 
Number of mines «4 2 20 22 
Production (thousand short tons): t 
Shipped by Tail $.z ð:) ] AA hi 306 2,974 3,280 
Shipped by trucks. ß e T ZT. 2 378 380 
Used at Mines EE 1,352 1,352 
Total EE 308 4,704 5,012 
Average value per ton $2.03 $1.85 $1.86 
Number of shovels and drag lines 3 46 


1 All strip. 

2 Exclusive of Texas (lignite). 

3 Data may not add to totals shown because of independent rounding. 

4 Includes coal loaded at mines directly into railroad cars and hauled by trucks to railroad sidings. 

5 Includes coal used at mine for power and heat, used by mine employees, used for all other purposes at mine, 
and transported from mine to point of use by conveyor or tram. 


Table 47.—Exports of bituminous coal, by country groups 
(Thousand short tons and thousand dollars) 


1967 1968 1969 
Country group e Ul [i beet === xz E. 
Quantity Value Quantity Value Quantity Value 


Canada (including Newfoundland 
and Mexieo -------------- 15,370 $128,482 16,822 $143,021 16,905 $147,312 


— — h — T s= — n. p s=  . s= . v — 


Bermuda, Greenland, 
Miquelon and St. Pierre 


Islands 6 69 3 30 3 41 
South America... .........- 2,562 26,240 2,569 26,401 2,869 30, 904 
Freds . 19,362 189,526 15,403 154,991 15,088 163,415 
J A 12, 220 130, 622 15,839 171,525 21,368 243, 765 
Be ol EEN 6 55 (!) f ^uis ë eae 
CGO8HIR Giedelen A (1) 7 

TODA. cc usu eee a S 34,158 346, 533 33,815 352,959 39,329 438,140 

Grand total, 49,528 475,015 50,637 495,980 56,234 585,452 


1 Less than 1⁄ unit. 
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Table 48.—Bituminous coal exported from the United States, by countries 1 


(Thousand short tons and thousand dollars) 


1967 1968 1969 
Country —— n — —>Ə —> —ə>=>< əƏ — b, - 
Quantity Value Quantity Value Quantity Value 

Argentina. 590 $6,188 441 $4,450 477 $5,017 
Belgium-Luxembourg. .........- 1,422 13,732 1,052 10,843 943 10,394 
Brazilke l2: eo 88 1,735 17,529 1, 787 18,227 1,843 19,818 
Sands 15, 308 127, 736 16, 748 142, 156 16,789 145,710 
FAA 193 2,050 306 : : 
FE ³o³ /A feet, e eiie 20 253 
r EE 2,131 19,737 1,459 13,787 2,253 24,192 
Germany 

(NC EE 77 868 101 1,171 87 1,111 

Wes neis 4,694 44,414 3,785 36,273 3,451 34, 942 
Ireland. cle eek ee Les 267 2,618 168 1,707 918 
Italy cuu usus asc Ld 5,815 59,004 4,254 43,576 3,679 40,824 
ll oes 12,215 130,525 15,822 171,418 21,367 243 , 753 
hA [25 etu toe Seer luu ss 746 74 65 6 1,602 
Miquelon and St. Pierre Islands 6 69 3 30 3 41 
Netherlands 2, 228 21,219 1,491 14,904 1,622 17,544 
Norw-waya eee MEC 246 2,410 305 3,043 248 2,726 
FPertün aa. ss 86 r ( | xbv 15 230 
Humshiü.- e , Vena et 83 953 72 891 
Spann. 8 1,012 10,381 1,480 15,923 1,825 20,910 
Sweden 813 8,344 761 8,008 668 1,365 
Switzerland...................- 39 411 28 JOÜJ- 22-5 beeen 
Urugunss cee xS 43 466 34 373 10 114 
Vugosla va 532 5,358 436 4,504 141 1,366 
Eet 14 179 19 128 3 

/// ·˙ AAA 49, 528 475,015 50, 637 495, 980 56,234 585, 452 


! Amounts stated do not include fuel or bunker coal on vessels engaged in foreign trade, which aggregated 
145,497 tons ($1,490,974) in 1967, 107,749 tons ($1,097,120) in 1968 and 59,152 tons ($738,409) in 1969. 


Table 49.—Bituminous coal exported from the United States, by customs districts 


(Thousand short tons and thousand dollars) 


1967 1968 1969 
Customs district ¿= == = Ó———————————————— ————— 
Quantity Value Quantity Value Quantity Value 


Baltimore, M dd 1,944 $17,597 2,436 $22,501 2,654 $24,746 
Se, ↄ !!)]!!! ` ` Gebeier 8 1 10 
Buffalo, N. — ----------- 558 4,365 425 3,371 444 9,653 
Chicago, III 63 438 29 203 43 298 
Cleveland, Ohio. ..............- 14,061 116,592 15,540 131,031 15,656 134,975 
Detroit, Mich 66 771 92 914 70 728 
Duluth, Minn 3 46 3 32 5 54 
El Paso, Tek 47 607 44 559 45 616 
Houston, Tek (1) Qi Steet: aae aooaa ee 
Laredo, Tex_______. 15 138 29 304 70 981 
Los Angeles, Cali (1) 2 8 80 93 1,073 
Milwaukee, Wiss 10 7J7J7ͤ ë cS Lez 
Mobile, Ala... .............-..- (1) 3 1 7 1 6 
New Orleans, La ..----------- 6 57 31 354 79 852 
New York City (1) 2 85 BID. — nian ^ 8 
Norfolk, va 32, 607 332,780 31,820 334,781 37,023 416,918 
Ogdensburg, N. 129 1,314 64 682 40 442 
Pembina, N. DKK 1 8 9 BB. mucius ees 
Pun Mer Pato Ju etn ce (1) M EI lA 6 58 
Portland, Maine 2 1 17 1 9 
Providence, R.UlUull . . ana 5 s / — nbus 
St. Albans, Vr... 25 264 5 64 1 14 
San Diego, Cali (1) 1 (1) 2 (1) 5 
San Francisco, Cali 3 / ˙——ͤ—L' 
Savannah, Ga 21222222 eee eee (1) Mo Yung Ra 
seattle, Wasbh-... onem ⁵⁵⁵ ë r ë itd c0. emen 2 19 

Tampa, Fla---.---------------- (1) (D- ...... ee (1) (1) 
kA EEN 49,528 415,015 50,637 495,980 56,234 585,452 


! Less than 1⁄ unit. 
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Table 50.—Bituminous coal ! imported for consumption in the United States, 


by countries and customs districts 


Country and customs district 


Country: 
Australia 


Norway, ces eec es 
South Africa, Republic of 
United Kingdom 


Customs district: 
Boston, Mass. ............- 
Buffalo, N. --------------- 
Chicago, Ill...............- 
Detroit, Mich. ............. 
Duluth, Minn 
El Paso, Tex 
Galveston, Tek 
Great Falls, Mont.......... 
Minneapolis, Minn 
Ogdensburg, N.Y 
New York City 
Pembina, N.D 
ER PHI u z 
Portland, Maine 
Seattle, Wag 


1967 


Short tons 


227,938 


1 Includes slack, culm, and lignite. 


Value 
(thou- 
sands) 


1968 


Short tons 


90 
224,298 


224,394 


1969 

Value 

Short tons (thou- 

sands) 
108,867 31.074 
ME 30 3 
EM lf 2 
SE 6 2 
108,914 1,081 
2,297 34 
98 2 
18 2 
4,371 65 
35,845 304 
mM 10 1 
41 5 
12,796 3 
43,779 401 
9,653 80 
108,914 1.081 
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Table 51.—World production of bituminous coal, anthracite, and lignite, 


by countries 


(Thousand short tons) 


Country 1 1967 1968 
North America: 
Canada: 
BH. ⁵ 8 9,387 8,758 
Lipie 1 ⁰ AAAAAAVVVVVV—VVV—V—ò amat E SY 2,008 2,250 
Greenland: Bituminou sI — me k 35 30 
Mexico: Bitumnoousss SE A Seegen Hmc 2,632 2,871 
United States: . 
Anthracite (Pennsylvania 12,256 11,461 
Bituminous EE 548,136 540,428 
Lignite 2 wl ——€——Ó—MÁ— 8 4,490 , 
South America: 
Argentina: Bituminous. 2 uereg tee ek oo ot See Sege r 453 520 
Brazil: Bituminous (marketable)_............----------_------ 2,530 2,606 
Chile: ̃ .. «²˙ ce ee ce ace ee eo cele ae een ly 1,649 1,776 
Colombia: Bituminou s 3,417 3,417 
Peru: Bituminous and antbhraceite kk r 184 177 
Venezuela: Bituminou- s „ 38 34 
Europe: 
e ß e ⁊ 478 638 
Austria: 
Bi ⁵³ðVĩ usan L 11 uo xe 
Lipnie uh nl oe suce SD Lee 88 5,075 4,621 
Belgium: Bituminous and anthracite enk 18,116 16 ,321 
Bulgaria: 
Bituminous and anthracitee ek 515 484 
iI EE 29,475 31,175 
Czechoslovakia: 
Bituminous:.422 ns uz L 28,601 28,579 
IEK ((((( ⁰⅛ Vw. ͥ⁰ͥ⁰m eh mn eer e 78,663 82,546 
Denmark: Lignités 2 2. 255460625 ok See e Ie pen imme edam r 1,375 838 
France: 
Bituminous and anthracite. `... 52,498 46,199 
IIC ⁵³¹AÜüiͥͥ%½%¼⅛⁰¾ſ ⁰ EE : 3,230 3,551 
Germany: 
Bituminous and anthracite: 
ͤõĩĩ] ] ͤ St AS Anu E rar eS ol 1,972 e 2,205 
VCS L: eu pam eum da ae ö mm yea te LM UAE 123,506 123,472 
Lignite: 
j ͥͥͥ ZZ au oL E a Ld sma L er 266, 789 212,393 
Westo EEN 106,666 111,902 
Pech Coal: “W t ee eg 981 919 
H EE 5,769 6,283 
Hungary: 
Bituminoud8 eene EE SE 4,468 4,676 
Fin... 25,327 25,321 
1 Bituminous and anthracite.... 2. 22. 222 2c eee 201 183 
taly: 
Bituminous and anthracite. `... 452 402 
IF ³ Add l ee EE 2,426 1,905 
Netherlands: Bituminous and anthracite. |... 2.2.2 222.22. 8,890 7,345 
Poland: 
Bio ⁰⁰ 136, 576 141,757 
III ͥ ee ³ͤſm m 8 26, 369 29, 652 
Portugal: 
e ß e s LM 488 438 
CöĩÄÜðẽĩrb ⁵«²˙ꝛ¹¹u . v ee 43 34 
Rumania 
Bituminous and anthracite 2 7,403 7,919 
LIgnitg- a œ Q QA K AA dI ĩͤ . 8 9,152 10, 842 
Spain: 
Bituminous and anthra cite 13, 608 13,485 
Ei.... ER 2, 961 3,097 
Svalbard (Spitzbergen): Bituminous: 
Controlled by Norway- „ 471 364 
Controlled by U.S. S. R. (shipment) 440 440 
Sweden: Bituminouu s „ 12 22 
U.S. S. R.: 45 
Bituminous and anthra cite — 497,602 502, 286 
n eod d aee EE 158, 529 152,447 
United Kingdom: Bituminous and anthrac ite 192,792 183,759 
Yugoslavia: 
Bituminous f . LL TS 1,001 920 
Lignite 12055 ²⁰ ] ͥ ... x 8 28,173 28, 546 


See footnotes at end of table. 


1969 v 


e 2,205 
123,051 


272,271 
118,415 
841 
7,496 


4,550 


e 515, 881 
154, 323 
168,621 


752 
28, 456 


Table 51.—World production of bituminous coal, anthracite, and lignite, 
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(Thousand short tons) 
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Africa: 


Algeria: Bituminous and anthracite 
Congo: (Kinshasa): Bituminous 
Malagasy Republic: Bituminous 
Morocco: Anthracite 
Mozambique: Bituminous 
Nigeria: Bituminous 
Rhodesia, Southern: Bituminous 
South Africa, Republic of: Bituminous and anthracite (marketable) - 
Swaziland: Bituminous 
Tanzania: Bituminous 
United Arab Republic: Bituminous 
Zambia: Bituminous 


Asia: 


Afghanistan: Bituminous 8 
Burma: Bituminous 


Country ! 


China, mainland: Bituminous, anthracite, and lignite e____.______ 


India: 


Bituminous 
Lignite 


Indonesia: Bituminous. s 


Iran: Bituminous 8 


Korea: 


North: Anthracite, bituminous, and lignite ` 


South: Anthracite 
Mongolia, Outer: Lignite and bituminous ° 
Pakistan: Bituminous and lignite 
Philippines: Bituminous 
Taiwan: Bituminous 
Thailand: Lignite 


Turkey (salable): 


Bituminous 
Lignit 
Vietnam, North: Anthracite ° 


Oceania: 


Australia: 


BRAC UO te eo E Os Se re 
FFII ³• ³⁰ w r EE ee 


New Zealand: 


ff1;Ü ͥ ͤ w! ͤ ⁰ ⁰˙ D:: ]ð . A 8 


Bituminous and anthracite 10 


Mixed grades EE 


Total, all grades 10 


e Estimate. 


p Preliminary. 


r Revised. 


NA Not Available. 


192,304 
1,927,164 
11,218 


2,996,686 


1 In addition to countries listed, Ecuador produces a negligible amount of coal. 
2 Excludes production in State of Texas. 
3 Includes a preponderant share of low-grade bituminous. 
4 Output from U.S.S.R. in Asia (including Sakhalin) included with U.S.S.R. in Europe. 
5 Run of mine. 

6 Less than V unit. 


7 Sales. 


$ Year ended March 20 of year following that stated. 
9 Figures denote only estimated pre-war general output levels. 
10 Totals are of listed figures only. 


1968 


811,071 
1,921,503 
359,103 


3,091,677 


1969 p 


50,851 
25,602 


2,417 
188 


832,677 
1,944,771 
393 , 942 


3,171,390 
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Coal—Pennsylvania Anthracite 


By Walter C. Lorenz ! 


Production of anthracite in 1969 was the 1968 output; the average per-ton sales 
from 234 underground mines, 174 strip price trended upward about 13 percent 
pits, 109 culm banks, six river dredges, and from the 1968 sales price. The output per 
111 preparation plants, in 13 northeastern man- day decreased about 2 percent in 
Pennsylvania counties. The anthracite pro- 1969. 
ducing area is divided into four fields, the The Federal Government continued to 
Northern, the Eastern Middle, Western purchase Pennsylvania anthracite as a por. 
Middle, and Southern. The area is further tion of the solid fuel needs of the U.S. 
divided into three trade regions, the Wyo- Armed Forces in West Germany. The ship- 
ming, the Lehigh, and the Schuylkill ments for 1969 were about 27 percent 
(fig. 1). greater than those for 1968. 

The 1969 production statistics indicated 555 T pan si 
a general decline of about 9 percent from burgh pa. "Én": Sureau OF "Wines fe 


Table 1.—Salient statistics of the Pennsylvania anthracite industry 


1965 1966 1967 1968 1969 
Production: f 
Preparation plants...... short tons.. 14,028,269 12,189,106 11,481,582 10,799,260 29,920,130 
redges__..____..-..-..----- do.... 699,857 661,017 631,660 605,920 535,369 
Used at collieries for power and 
heat 2-222 5222-2 do.... 142,829 141,141 142,821 55,653 17,417 
Total production short tons.. 14,865,955 12,941,264 12,256,068 11,460,888 10,472,916 
Value.. -.----------- thousands $122,021 $100,663 $96,160 $97,245 $100,770 
Average sales realization per short ton on 
BEE plant shipments (excludes 
dredge coal): 
Pea and larger. $11.70 $11.11 $11.53 $12.40 $13.56 
Buckwheat No. 1 and smauller....... $6.48 $6.40 $6.35 $6.87 $7.93 
All sizes $8.51 $8.08 $8.15 $8.78 $9.91 
Percentage of total preparation plant ship- 
ment (excludes dredge coal): 
Pea and larger 89.0 85.6 84.8 84.6 85.1 
Buckwheat No. 1 and smaller 61.0 64.4 65.2 65.4 64.9 
Exports ............--.- short tons 850,630 766,025 594, 797 518,159 627 , 492 
Consumption apparent ...... do.... 12,900,000 11,400,000 10,800,000 10,160,000 8,809,000 
Average number of days worked 204 203 219 217 221 
Average number of men working daily... 11,132 9,292 7,750 6,932 6,300 
Output per man per day..... short tons 6.55 6.87 7.21 7.62 7.49 
Output per man per year......... do- 1,336 1,395 1,579 1,654 1,655 
Quantity cut by machines do.... 329 , 328 246 ,658 146 , 908 61,245 6,830 
Quantity mined by stripping...... do. 5,938,982 5, 253,408 4,740,187 4,696,163 4,578,732 
Quantity loaded by machines under 
PrOUNG 2 oe 8 do 3,246,084 2,590,547 1,997,806 1,475,000 1,326,598 
Distribution: 
Receipts in New England 3. do 241,638 1149. 010 . . "Uummccetuud 
Exports to Canada 1 do.... 642,657 624,280 448,744 401,314 472,763 


Loaded into vessels at Lake Erie 5 
do.... 224,460 208, 432 206,975 204,682 209,000 
Receipts at Duluth-Superior 5 do- ,, . Suen ¿uum usss insu a 
1 U.S. Department of Commerce, 1965-69 export data does not include shipments to U.S. military forces. 
See NOTE, tables 3 and 28. 
2 Beginning with 1961 exports to the U.S. military forces in West Germany were taken into consideration. 
See NOTE, tables 3 and 28. 
3 Commonwealth of Massachusetts, Division on the Necessaries of Life. 
* Data discontinued with September, 1 
5 Ore and Coal Exchange, Cleveland, Ohio. 
* Lake Superior area office, Corps of Engineers, U.S. Army, Duluth, Minn. 
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Figure 1.—Coalfields, regions, and counties of the Pennsylvania anthracite area. 


Legislation and Government Programs. 
—State and Federal Government programs 
for various environmental activities, includ- 
ing underground-mine-fire control, surface 
subsidence, refuse-or culm-bank-fire con- 
trol, mine-water-drainage control, and re- 
clamation of old strip pits, continued 
through 1969 as funds became available. 
The rate of funding for research projects 
and for advances in mining techniques 
continued to decline. 

The current problems in the anthracite 
area are an aftermath of more than 200 
years of unregulated mining. These prob- 
lems are essentially social in nature; sur- 
face subsidence and underground mine 
fires have forced many of the individuals 
affected to abandon their homes. Pollution 
by acid coal mine water and sewage is se- 
rious. State and Federal cooperative proj- 


ects are correcting some of the immediate 
problems, while the State has been making 
long range plans to prevent future stream 
contamination. 

Work has continued toward filling aban- 
doned strip pits with existing spoil banks. 
Long-range plans were projected toward 
completely eliminating the pits, which are 
both unsightly and unsafe. Large culm 
banks, a land use pollution problem, are 
gradually being eliminated by leveling and 
by slushing the mine refuse underground 
to correct surface subsidence. Fires in culm 
banks and underground coalbeds are grad- 
ually being brought under control and 
quenched. 

Appalachian projects are being used to 
control] surface subsidence caused by un- 
derground mine voids and fires in. under- 
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ground coalbeds as measures to protect life 
and property. The Federal Government’s 
usual contribution for Applachian environ- 
mental control activities in the anthracite 
area has been 75 percent of the funds 


used, and the State’s contribution has been 
25 percent. The work progress of various 
environmental control projects continued 
from previous starts or starting in 1969 is 
as follows: 
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DOMESTIC PRODUCTION 


Anthracite production was 10.5 million 
tons in 1969, some 987,917 tons, or 9 per- 
cent, below the 1968 output. About 5 per- 
cent of the anthracite was produced by 
river dredging, 44 percent by strip mining, 
31 percent from the reworking of refuse or 
culm banks, and the remaining 20 percent 
from underground mines. About 15 per- 
cent of the production came from the 
Eastern Middle field, 27 percent from the 
Western Middle field, 35 percent from the 
Southern field, and the remaining 23 per- 


cent from the Northern field. Production 
by the three trade regions was as follows: 
Lehigh region, 23 percent; Schuylkill re- 
gion, 54 percent; and the Wyoming region, 
23 percent. 

The total 1969 production was valued at 
$100.8 million, an average of $9.62 per ton. 
The average value of anthracite sold, by 
sizes, varied from about $3.00 per ton for 
the smallest sizes to over $16.00 per ton 
for the large sizes, which were generally 
used as domestic fuel. 


CONSUMPTION AND USES 


The apparent domestic consumption of 
anthracite (production minus exports and 
shipments to U.S. Armed Forces, West Ger- 
many) was about 1,270,000 tons below the 
1968 consumption. The decrease reflected a 
slight decline in sales for residential and 
commercial heating purposes, though ex- 
port coal sales increased. Overall consump- 
tion of anthracite in 1969 was about as 


FOREIGN 


Shipments to foreign markets, other than 
the U.S. Armed Forces, West Germany, 
during 1969 were about 21 percent greater 
than in 1968. Increased shipments to the 
U.S. Armed Forces, West Germany, were 
about 26 percent over that for 1968. The 


follows: 6 percent for export; 10 percent 
for the U.S. Armed Forces, West Germany; 
40 percent for residential and commercial 
heating purposes; 18 percent for electric 
power generation; 11 percent for the iron 
and steel industry; and the remaining 15 
percent divided between .other industrial 
uses. 


TRADE 


shipments to foreign consumers were 
usually the larger sizes, such as, lump, egg, 
stove, chestnut, and pea and were gener- 
ally made by the larger coal operators, be- 
cause of their ability to supply the quanti- 
ties of coal needed to meet boat schedules. 


WORLD REVIEW 


The production of anthracite in the 
Communist countries in 1960 was esti- 
mated to have increased about 2 percent 
over that for 1968. In other countries, the 
trend for production in 1969 was slightly 


downward compared with the 1968 totals. 
The total world production including the 
United States in 1969 was down about 2 
percent. 


TECHNOLOGY 


No significant progress has been made 
during the past several years in improving 
anthracite underground mining techniques. 
The Pennsylvania Department of Mines 
and Mineral Industries has continued re- 
search and started development work on 
an automated anthracite mining system 
with semilongwall and pitch capabilities, 
Coal Research Board's Projects Nos 89-U 
and 89-C. 


A new use for anthracite coal developed 
by Melpar, Inc. (Div. American Standard 
Inc), as U.S. Patent No. 3,460,925 com- 
bined sodium hydroxide, anthracite, and 
steam to produce sodium carbide.2 

The preparation characteristics of the 
Kidney Seam in the Northern field were 
studied by the U.S. Bureau of Mines. The 


"on Mining & Processing. V. 7, January 1970, 


p. 
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coal used in the tests was generally low-ash 
anthracite, but the ash content could be 
further reduced by 90 percent with the re- 
‘moval of the sink 1.70 specific gravity ma- 
terial. 

Maps of abandoned underground mines 
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in the Lackawanna Basin Northern An- 
thracite field were microfilmed as part of a 
Bureau of Mines continuing program to 
preserve old mine maps for future studies 
of subsidence, for mine-fire control, and 
for evaluating building sites. 


Table 2.—Standard anthracite specifications approved and adopted by the Anthracite 
Committee, effective July 28, 1947 


Percent 
Size Round test mesh Over- Undersize Maximum impurities 1 
(inches) size ——  n— 
maxi-  Maxi- Mini- Slate Bone Ash? 
mum mum mum 

Broken Through 47m... 114 2 11 
Over 814 to- 8893. 15 TA 282552. ß uzctoo 

Eg -ost V AA Through 3 \ to ` Dt. esos: edu 114 2 11 
Over 2 15 71⁄4 ------ 8 11 

DIOVES. croise conu mu er Through 2 Ti ceases deus 2 8 11 
Over 1. 15 % A leds 

Chestnut Through 166 F 3 4 11 
Over 1 15 „5 Low ue. Mum t 

CCC» we s 25222 Through 4 IU. eee. 3 4 5 12 
z 15 )))Fͤ ͤ A diede 

Buckwheat No. 11. Through 1 E ` wees. ³ ᷣ ` deed 18 
ver 4- :: 15 7 meas Geen 

Buckwheat No. 2 (rice) Through 1 j ö ²˙¹·id Loess 13 
ver 4- 7 17 7777 ĩ 

Buckwheat No. 8 (barley)... Through . IJ; ³ĩð K ĩð 15 
ver 4- FFC 20 lU - Lociss. 88 

Buckwheat No. 4 ee 35 20 i S eeacse feeeece 15 
VEr eG jects e r wee. Um Sae 

Buckwheat No. Rb --- Through 1⁄--- 80 No limit |  ------ ...... 16 


1 SE slate V dry in —— from broken to chestnut, inclusive, is less than above standards, bone content 


be increased b 

ge above shall not be exceeded in an 

A tolerance of 1 percent is allow 
content. 


event. 


v1 times the decrease in slate content under the allowable limits, but slate content speci- 
on maximum percentage of undersize and maximum percentage of ash 


Maximum percentage of undersize is applicable only to anthracite as it is produced at preparation plant. 


Slate is defined as any material that less 


than 40 percent fixed 


carbon. 


Bone is defined as any material that has 40 percent or more, but less than 75 percent, ñxed carbon. 


2 Ash determinations are on a dry basis. 
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Table 4.—Commercial production of Pennsylvania 


From preparation plants 
Size Lehigh region Schuylkill region 
Rail Truck Total? Rail Truck Total : 
Quantity, thousand short tons: 
WGC EE 109 4. 113 59 2 61 
e EE 186 60 245 259 241 500 
Chestnut... ͥ/ͤ³i¹ð³öd e E 146 175 821 197 882 580 
EE 95 167 261 106 274 880 
Total pea and larger 99 535 405 941 621 900 1,521 
Buckwheat No. 111 130 155 285 216 857 573 
Buckwheat No. 2 (rice dd 59 214 278 99 871 470 
Buckwheat No. 3 (barley).................... 89 174 263 242 499 740 
Buckwheat No. A. 162 83 195 193 165 858 
Buckwheat No. 5... ------------------- 868 47 415 565 108 674 
Other! ³⁰ð'Vͥr w ¶õ oo A tos 9 65 74 366 412 778 
Total buckwheat No. 1 and smaller 2 817 687 1,504 1,680 1,912 3, 592 
Grand et U... U... eer 1,358 1,098 2,445 2,302 2,812 5,113 
Value, thousands: 
Dol EEN $1,547 $55 $1,602 $812 $24 $836 
SLOG EE 2,595 854 3,450 3,612 3,349 6,961 
Chestnut. eee EE e 2,085 2,480 4,515 2,744 5,281 8,025 
P'6R2 2222 e ⅛ Kd mg y y RUE „096 1,976 3,072 1,280 3,248 4,527 
Total pea and larger ... 7,273 5,367 12,639 38,447 11,901 20,848 
Buckwheat No. 111 1,463 1,728 8,191 2,494 4,128 6,622 
Buckwheat No. 2 (rice)... 9h 670 2,466 8,186 1,109 4,200 5,309 
Buckwheat No. 8 (barley) ...............-...- 830 1,647 2,477 32,239 4,821 7,060 
Buckwheat No. ůůMñůꝶk!-kinuũ -2-22 961 191 1,153 1.339 1,047 2,387 
Buckwheat No. 55555 2,142 264 2,407 3,074 522 3,596 
Othor M D y 8 81 230 261 1,888 1,560 2,898 
Total buckwheat No. 1 and smaller 22 6,098 6,526 12,624 11,594 16,279 27,872 
Grand total 92 13,371 11,898 25,264 20,041 28,180 48,220 
Average value per ton: = 

LH EE $14.16 $14.14 $14.16 $18.67 $18.42 $18.66 
LEE 18.98 14.27 14.05 18.97 18.88 18.92 
GV! ² ? ü; %ꝛ] ee ets 13.95 14.19 14.08 13.91 13.81 18.84 
|j. exce ICONS 11.58 11.85 1.75 12.08 11.84 11.91 
Total pea and larger....................... 18.58 18.24 13.48 18.60 18.23 13.38 
Buckwheat No. 11ll ----- -2 Ė 11.21 11.15 11.18 11. 54 11.58 11.56 
Buckwheat No. 2 (rice) 11.35 11.53 11.49 11.22 11.32 11.30 
Buckwheat No. 3 (barley)...................- 9.34 9.45 9.42 9.26 9.67 9.54 
Buckwheat No. . 2-2 LLL lll Lll. ll 5.94 5.86 5.92 6.96 6.33 6.67 
Buckwheat No. 55 5.82 5.66 5.80 5.44 4.82 5.34 
P ⁵⁰˙¹ÜÜ⁰ ˙¹¹ ³⁰•m y ⁊ĩðv a EAA 8.50 8.55 8.55 8.66 8.79 8.73 
Total buckwheat No. 1 and smaller.......... 7.46 9.50 8.39 6.90 8.51 7.76 
Grand total- EE 9.89 10.89 10.33 8.71 10.02 9.43 


1 Includes Sullivan County. 


* Data may not add to totals shown because of independent rounding. 


3 Includes various mixtures of buckwheat. Nos. 2 to 5 and coal of relatively low dollar value. 


anthracite in 1969, by regions and sizes 


COAL—PENNSYLVANIA ANTHRACITE 


381 


From preparation plants 
Wyoming region ! Total preparation 
plants From river dredging Total 

Rail Truck Total? Rail Truck Total? Rail Truck Total? Rail Truck Total? 
71 1 78 240 7 /%%%%ö%;˙ͤ 8 240 7 247 
184 101 284 628 402 1,080 ...... «4 628 402 1,080 
129 246 875 472 808 1,275 ...... .....-. ....-- 472 308 1,275 
56 231 288 257 672 Sr; a E, te 257 672 929 
441 579 1,020 1,597 1,884 3,482 ...... ...... ...... 1,597 1,884 8,482 
76 271 847 423 782 1,205 l.c. 8 428 782 1,205 
48 178 222 206 758 064. il us uuu 206 758 964 
75 155 230 405 828 1,288 ...... ...... ...... 405 8288 1,288 
62 24 86 416 222 688 ...... 12 12 416 284 650 
29 82 61 962 187 1,150 ...... 8 8 962 191 1,158 
45 851 897 420 828 1,248 474 46 520 895 878 1,768 
885 1,007 1,842 2,883 3,606 6,489 474 61 585 3,80 8,667 6,974 
776 1,586 2,862 4,480 5,490 9,920 474 61 585 4,905 5,551 10,455 
$990 $16 $1,006 $38,349 $95 $8,444 ...... ...... ....-. $3,849 $95 $8,444 
2,686 1,487 4,078 8,848 5,641 14,484 ...... ...... ..-.-. ,848 5,641 14,484 
1,890 8,579 5,469 6,669 11,840 18,009 ...... ...... e 6,669 11,340 18,009 
721 2,964 3,685 8,096 8,188 11,284 ...... ...... „44 š 8,188 11,284 
6,287 7,996 14,288 21,957 25,264 47,221 ...... ...... ...... 21,957. 25,264 47,221 
897 3,187 4,088 4,854 9,048 18,896 ...... ...... ...... 4,854 9,043 13,896 
561 2,051 2,612 2,341 8,716 11,056 ...... ...... ...... 2,841 8,916 11,056 
706 1,461 2,166 3,775 17,928 )). 8 8,775 7.928 11,704 
460 187 647 2,761 1,425 4.188 46 46 2,761 1,472 4,232 
167 119 286 5,888 905 6,289 ...... 14 14 5,888 919 6,808 
182 604 787 1,551 2,395 3,946 2,056 159 2,215 8,607, 2,554 6,161 
2,973 7,608 10,581 20,665 30,412 51,077 2,056 220 2,276 22,720 80,682 58,858 
9,210 15,604 24,814 42,622 55,676 98,298 2,056 220 2,276 44,678 55,896 100,574 
313.86 $18.78 $18.86 $18.95 $18.88 313.99 $18.95 $18.88 $18.95 
14.85 14.25 14.82 14.08 14.08 14.06 ...... ...... ...... 14.08 14.08 14.06 
14.62 14.56 14.58 14.12 14.12 14.12 ...... ...... ...... 14.12 14.12 14.12 
12.76 12.82 12.81 12.05 12.18 12.14 ...... ...... ...... 12.05 12.18 12.14 
14.15 18.81 18.96 18.74 13.41 18.56 ...... ...... ...... 18.74 18.41 18.56 
11.79 11.77 11.77 11.48 11.56 11.58 ...... .....- ---.--.[ 11.48 11.56 11.58 
11.59 11.85 11.79 11.84 11.50 11.47 ...... ...... ...... 11.84 11.50 11.47 
9.48 9.41 9.48 9.32 9.57 9.40" css ue 6o. niil 9.32 9.57 9.49 
7.46 7.77 7.55 6.68 6.42 6.58 8.88 8.88 6.63 6.29 6.51 
5.78 8.68 4.65 5.59 4.88 5.47 ...... .00 .00 5.59 4.82 5.47 
4.01 1.72 1.98 8.69 2.89 8.16 4.38 8.50 4.26 4.08 2.92 8.48 
8.87 7.56 7.88 7.29 8.48 7.98 4.88 8.60 4.25 6.87 8.85 7.65 
11.87 9.84 10.51 9.62 10.14 9.91 4.38 8.60 4.25 9.11 10.07 9.62 
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Table 5.—Sizes of Pennsylvania anthracite (excluding dredge coal) prepared at plants 
in 1969, by regions 


(Percent) 
äi Lehigh region Schuykill region 
ize SE 
Shipped Shipped Shipped Shipped 
by rail by truck Total by rail by truck Total 
Oe see sted Lee A 8 8.1 0.8 4.6 2.6 0.1 1.2 
Min) MCI « orm ß 8 13.7 5.5 10.0 11.2 8.6 9.8 
Chestnut. ³˙wwꝛʃ d d Seco 10. 8 16.0 13.1 8.6 18.6 11.3 
Eet 7.0 15.3 10.7 4.6 T 7.4 
Total pea and larger......................- 89.6 37.1 38.4 27.0 32.0 29.7 
Buckwheat No. 1l .. 9.6 14.2 11.7 9.4 12.7 11.2 
Buckwheat No. 2 (rice). .._.-.......-...-----..-. 4.4 19.6 11.2 4.3 18.2 9.2 
Buckwheat No. 3 (barleꝰ yõꝝ 6.6 15.9 10.8 10.5 17.7 14.5 
Buckwheat No. ll. . 12.0 8.0 8.0 8.4 5.9 7.0 
Buckwheat No. Bb. 27.2 4.3 16.9 24.5 8.9 13.2 
ER ee .6 5.9 8.0 15.9 14.6 15.2 
Total buckwheat No. 1 and smaller.......... 60.4 62.9 61.6 73.0 68.0 70.3 
Wyoming region 2 Total 
J reas maaa ek Lr LEE EE tt 9.2 0.1 8.1 5.4 0.1 2.5 
SOV dee 23.7 6.3 12.0 14.2 7.3 10.4 
rr d y aaa 16. 6 15. 5 15.9 10.7 14.6 12.8 
U» ³¹w¹.ÜꝛAAA ³⁰¹ AAA a 7.3 14.6 12.2 5.8 12.3 9.4 
Total pea and Jarger. ...................... 56.8 86.5 43.2 36.1 84.8 35.1 
Buckwheat No. 111. 9.8 17.1 14.7 9.5 14.3 12.2 
Buckwheat No. 2 (riceeoͤũ)))))9)9)9 6.2 10.9 9.4 4.7 13.8 9.7 
Buckwheat No. 3 (barlevi. ------------------ 9.6 9.8 9.7 9.1 15.1 12.4 
Buckwheat No. Mk1M!1ꝝꝶMnʒ 7.9 1.5 3.6 9.4 4.0 6.4 
Buckwheat No. 55: 3.8 2.0 .6 21.7 8.4 11.6 
Other? eer 5.9 22.2 16.8 9.5 15.1 12.6 
Total buckwheat No. 1 and smaller 43.2 63.5 56.8 63.9 65.7 64.9 


1 Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 
? Includes Sullivan County. 
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Table 6.—Sizes of Pennsylvania anthracite (excluding dredge coal) prepared at plants, 


by regions 
(Percent) 


Size 
Lamp: and broken. ................ 
Eg. « . EEN 
AATA A- EE O :ö᷑t¹l xd 8 
Chestnut.. 18. 
e WEE 


Total pea and larger 


Buckwheat No. : EE 
Buckwheat No. 2 (rice) 
Buckwheat a 2 (barley). ) 


Total pea and larger 


Buckwheat No. 1..................- 
Buckwheat No. 2 (rice) 
Buckwheat No. 3 (barley). .......... 
Buckwheat No. 4 
Buckwheat No. 5 


Total buckwheat No. 1 and 


smalle rtr 


Lehigh region Schuylkill region 


1965 1966 1967 1968 1969 1965 1966 1967 1968 1969 


[| 
( 
[| 
[| 
1 
' 
' 
[| 
1 
' 
' 
' 
[| 
[] 
[| 
' 
de do Odo to |! A LLLI | 


8.9 2.7 4.6 4.5 4.6 1.0 0.9 1.2 1.2 1 
11.8 11.1 11.0 10.3 10.0 10.8 9.8 9.4 9.4 9. 
14.9 12.4 12.1 12.0 13.1 12.0 12.0 10.7 11.1 11. 

9.4 7.4 9.0 10.9 10.7 8.4 88 8.0 7.7 7. 
40.0 33.6 36.7 87.7 88.4 31.7 80.5 29.8 29.4 29. 
10.5 11.8 10.5 11.0 11.7 11.9 12.1 11.0 11.0 11. 

9.5 9.9 8.9 9.6 11.2 10.1 10.2 9.2 39.5 99. 
10.2 29.1 9.1 10.3 10.8 18.5 18.8 11.1 11.8 14. 

5.5 6.2 6.0 6.6 8.0 6.5 7.0 6.7 6.5 7. 
12.5 14.8 15.9 16.9 16.9 14.7 14.1 12.8 18.0 13. 
11.8 15.1 12.9 7.9 38.0 11.6 12.8 19.9 18.8 15. 


60.0 66.4 63.8 62.8 61.6 68.8 69.5 70.7 70.6 70.8 


Oo Abol tal woo. Ou 


Wyoming region * Total | 

(2) (2) (2) (Ü og DÉI (2) (s) CG): -aas 
4.7 3.4 3.0 1.9 3.1 2.8 2.0 2.6 2.2 2. 
15.0 13.1 12.0 11.7 12.0 12.1 10.8 10.6 10.2 10. 
16.6 17.2 15.8 15.6 15.9 14.1 18.5 12.4 12.5 12. 
12.9 12.6 12.1 12.2 12.2 10.0 9.8 9.8 9.7 9. 
49.2 46.8 42.9 41.4 48.2 39.0 35.6 34.8 34.6 35 
13.8 15.0 18:8 14.4 14.7 12.2 12.7 11.5 11.9 12 
9.2 .7 9.4 9. 4 9.7 9.9 9.2 9.4 9. 
10.7 10.8 10.6 10.3 39.7 11.9 11.6 10.4 11.1 12 
8.8 4.7 2.6 2.6 3.6 5.4 6.2 5.4 5.5 6 

9 4.8 6.0 5.1 2.6 10.5 11.6 11.9 11.8 11. 
10.4 9.2 15.2 17.0 16.8 11.8 12.4 16.8 15.7 12. 


© 


50.8 58.7 57.1 58.6 56.8 61.0 64.4 65.2 65.4 64. 


1 Quantity of oe included is insignificant. 


* Less than 0.05 percent. 


3 Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 


* Includes Sullivan County. 
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Table 7.—Production of Pennsylvania anthracite in 1969, by regions and counties 
(Thousand short tons and thousand dollars) 
Rail shipments Truck shipments Colliery fuel Total 


Source production 1 
Quantity Value? Quantity Value? Quantity Value Quantity Value? 


REGIONS 
PR 
paration plants........... 1,358 $18,871 1,098 $11,898 7 $82 2,452 $25,845 
Sene ; 
paration plants 2,302 20,041 2,812 28,180 6 70 5,119 48,290 
Dred ges 474 2, 056 61 SS ¿Sulu 535 2,276 
o Total Schuylkill 1111 2,776 22,096 2,878 28,400 6 70 5,655 50,566 
yoming 
T Preparation plants 2. 776 9,210 1,586 15,604 4 44 2,866 24,858 
o 
Preparation plants 4,480 42,622 5,490 55,676 17 196 9,938 298,494 
Dred ges 474 2,056 61 220, 262600 8 585 2,276 
Grand total 1. 4,905 44,678 5,551 55, 896 17 196 10, 473 100, 770 
COUNTIES 
Berks, Lancaster, and Snyder 474 $2,056 51 $174. L2 Bee su 525 $2,280 
Sabo .. . . . . .....- 895 8,754 87 49008 482 : 
Columbia 238 2,846 DOT 222222 xli 288 3,3 
pl . . Set 7 68 49 22B EEN 56 296 
Lackawan aa Ed 156 1,806 180 2,117 1 338 3,929 
Luzerne 1,408 15,588 1,958 20,098 9 115 8,871 35,794 
Northumberland 470 2,656 7.7 1 7 1,814 10, 398 
huylkill.....................- 1,761 15, 96 2,804 24,886 6 66 4,072 40,858 
% ³·¹¹wꝛ1AAAàͥ —  ———— — e TOO w asesan 29 160 
Totali EE 4,905 44,678 5,551 55,896 17 196 10,478 100,770 


! Data may not add to totals shown use of independent rounding. 
2 Value given for shipments is that at which coal left possession of Solida company; does not include 


3 Includes Sul Sullivan County. 


Table 8.—Pennsylvania anthracite produced, by fields 


(Thousand short tons) 
Field 1965 1966 1967 1968 1969 
Eastern Middle: Breakers and washeries...................- 2,027 2,009 2,039 1,559 1,583 
Western Middle: 
Breakers and washeries__._...................--...-. 8,428 3,025 2,898 2,840 2,806 
IN, D. 22 Sc %ꝛ˙ꝛ ec tM 86 26 27 17 5 
% ee eee eee ee Dane C E 8,464 3,051 2,920 2,857 2,811 
Southern: 
Breakers and washer ie 4,160 3,781 3,604 3,557 3,183 
RT TEE 664 635 605 589 530 
e d aa 4,824 4,416 4,209 4,146 3,718 
Northern: Breakers and washeries 1. ..............- 5 4,551 3,4665 3,088 2,899 2,866 
Total! 
Breakers and washeries......... LLL ccc ccce en 14,165 12,280 11,624 10,855 9, 938 
Dredges............--.--- VVV 700 662 632 606 585 
Grand tot!!!! ee ée 14,866 12,941 12,256 11,461 10,478 


1 Data may not add to totals shown because of independent rounding. 
3 Includes Sullivan County. 
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Table 9.—Pennsylvania anthracite produced in 1969, classified as fresh-mined, culm-bank 
and river coal, by fields and regions 


(Thousand short tons) 
Fresh-mined coal 
Source Underground mines From From 
— . ————ů— culm river Total ! 
Mechan- Hand Strip pits banks dredging 
ically loaded Total 1 
loaded 
FIELDS 
Eastern Middle. `. _......-- 14 15 29 1,063 491 uu... , 683 
Western Middie ........-- 108 278 881 1,052 1,872 5 2,811 
Southern 410 491 901 1,554 28 580 8,713 
Northern 2.____ ... Ll... 495b. sadasa 795 909 662 e 
Total J. SÉ? 1,327 779 2, 106 4, 579 8,253 535 10,478 
REGIONS 
Lehighs o ——— Á— 14 86 50 1,627 175 = ....-. 2,452 
Schuylkill................. 518 148 1,261 2,048 1,815 595 5,655 
Wyoming 2. __ _ 79 795 909 662 2, 866 
KN EEN 1,327 779 2, 106 4, 579 3, 258 585 10,478 


1 Data may not add to totals shown because of independent rounding. 
? Includes Sullivan County. 


Table 10.—Production of Pennsylvania anthracite from strip pits 


Mined by Percent of Number of Average 
m 


stripping fresh-mined en number 

(thousand total employed of days 

Short tons) worked 
1968. -20:52:25220. 902522 cei tus 5,939 52.9 2,949 217 
1960-252 522001 kd P aay LEAL Cen AP 5,258 56.2 2,085 225 
11d!!! EE 4,740 59.8 1,888 287 
EE EE 4,696 65.7 1,891 289 

1969: 

Lehigh region .. .. .. .. .......... 1,627 97.0 582 220 
Schuylkill region 2,043 61.8 722 202 
Wyoming region 2... ~~ eee 909 58.3 414 252 
Total * or average. .___-._-_-._.----------..- 4,579 68.5 » 1,718 p 221 


p Preliminary. 
1 Includes Sullivan County. 
* Data may not add to totals shown because of independent rounding. 


Table 11.—Power shovels and draglines used in recovering coal from culm banks and 
stripping Pennsylvania anthracite, by type of power 


1967 1968 1968 


Type of power Number Number Number Number Number Number 
of power of drag- Total of power of drag- Total of power of drag- Total 
shovels lines shovels lines shovels lines 
Gasoline........ 4 6 10 6 5 11 8 8 6 
Electric........ 27 43 70 26 40 66 27 87 64 
Diesel.. 93 140 238 81 144 225 74 124 198 
Diesel- electric 1 1 2 T 1 1 MER 1 1 


Total. 125 190 815 113 190 808 104 165 269 
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Table 12.—Production of Pennsylvania anthracite from culm banks, by regions 


(Thousand short tons) 
Year Lehigh Schuylkill Wyoming Total ! 
region region region 
1966 oo c ———— ) E 833 1,380 716 2,930 
LEE 8 EE 971 1,390 578 2,938 
1967... ĩ 8 M Er" EOS 1,134 1,710 782 8,627 
1908 EEN 958 1,868 883 8,709 


000 E 775 1,815 662 8,253 


1 Data may not add to totals shown because of independent rounding. 


Table 13.—Pennsylvania anthracite produced by dredges, by rivers, including tributaries 
(Thousand short tons and thousand dollars) 


Schuylkill River Susquehanna River Total! 

Year Average Average Average 
Quantity Value value Quantity Value value Quantity Value value 

(per ton) (per ton) (per ton) 
1965. · 86 $289 $3.36 614 $2,048 $3.33 700 $2,387 $3.34 
1966..........- 57 180 8.16 605 2,107 3.48 662 2,287 8.46 
1967..........- 39 116 8.00 598 2,140 3.61 682 2,257 8.57 
19688 — 45 157 8.50 561 2,066 3.68 606 2,224 8.67 
1989 58. 185 8.50 483 2,091 4.33 535 2,276 4.25 


1 Data may not add to totals shown because of independent rounding. 


Table 14.—Estimated production of Pennsylvania anthracite, by weeks, in 1969 1 


Week ended— Thousand Week ended— Thousand Week ended— Thousand 
short tons short tons short tons 
Jan,... 8 186 May 10000 172 Sept. 13............. 209 
575 24 eege 175 F 299 
J esed 282 T ZQ 2 SS 179 NEE 253 
277 ·˙· ES 262 di... 160 We...... 243 
Fed.... s. 2. 239 June 7............- 208 Deis ez 237 
3 217 7 206 IB. les Z 265 
70 E 212 TT 195 A u md 240 
E su ss sss 249 PA. EE 203 Now. 1! 150 
Mak. 1111 x 193 July 5. 98 r neiss 157 
EE 198 F 108 a E s RE ĩ y Z 172 
TD Eet 108 3 239 177 LE 165 
EES 195 DOLI USOS 259 7222 AEEA 187 
A 204 Aug. 222 167 Dec. 6............- 189 
ADEs DB C 230 S ARE. 189 1883öÜ 8 199 
2·Ü·ù˙1 8 219 1888 Lu. S 191 20... es 202 
70ͤ AE 242 EE 185 J ENAP ENN 160 
pA EMEN 225 ^1 SE 145 
May A 183 Sept. 8... cocos 186 Total. 10, 473 


1 Estimated from weekly carloadings as reported by the Association of American Railroads and other factors; 
adjusted to annual production from Bureau of Mines canvass. 
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Table 15.—Estimated monthly production of Pennsylvania anthracite 1 
(Thousand short tons) 


Month 1965 1966 1967 1968 1969 
rl K 1,215 1,108 1,101 965 978 
TT EE 1,091 989 962 911 
! ] ˙¹ͤ ⁰ ² AAA 1,256 ,088 979 960 898 
ADI. EENEG 1,127 1,058 952 926 916 

EE 1, 1,108 1,102 986 869 
ST EE D y y eS E ua as 1,565 998 995 824 812 
%/%/%/%ͤ%́⁵ẽͥͥͥ dd y re a Saa 1,209 745 8 704 
KT ³⁰w ⅛omw:m mt 8 1,244 1,191 1,182 1,016 877 
EEN eege 8 ; 1,145 1,071 947 
ei ⁵ð 8 1,221 1,221 1,078 1,196 985 
Novembe rr 1,208 1,145 1,017 994 881 
December.. T...... e e, 1,288 1,108 750 

Total cei dees his ewe sees 14,866 12,941 12,256 11,461 10,478 


1 Production is estimated from weekly carloadings, as reported by the Association of American Railroads, 
and includes mine fuel, coal sold locally, and dredge coal. 


Table 16.—Pennsylvania anthracite loaded mechanically underground, by fields 
(Thousand short tons) 


Hand-loaded face Total 
Scraper Pit-car conveyors, all mechanically 
Field loaders 1 loaders types ? loaded š 


1968 1969 1968 1969 1968 1969 1968 1969 


Northern 606 452 18 14 345 329 970 795 
Eastern Middle 14 S711 6 10 21 14 
Western Middle 14 444222 | 65x 125 83 189 108 
Southern 197 276 — 3. eb 148 194 845 410 

Total 2942 881 757 18 14 625 556 1,475 1,827 


1 Includes mobile loaders. 
2 Shaker chutes, including those 9 with duckbills. 
3 Data may not add to totals shown use of independent rounding. 


Table 17.—Pennsylvania anthracite loaded mechnically underground 


(Thousand short tons) 
Scraper loaders Mobile loaders Conveyor ! and Total 3 loaded 
x pit-car loaders mechanically 
ear — —— —— ———— —— 
Number Quantity Number Quantity Number Quantity Number Quantity 
of units loaded of units loaded of units loaded of units loaded 
KEEN 155 907 25 893 408 1,946 588 8,246 
%% 8 151 788 30 328 888 1,474 564 2,591 
LEE 119 707 21 201 22 1,090 868 1,998 
8 131 710 26 121 184 341 1.475 
KEE 106 567 25 190 158 570 289 1,327 


1 Includes duckbills and other self-loading conveyors. 
? Data may not add to totals shown because of independent rounding. 
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Table 18.—Trends in mechanical loading, 1 hand loading, and stripping of 
Pennsylvania anthracite 


Year 
Mechan- Percent 
ical of total 
loading under- 
ground 
19658 8,246 61.3 
1966 2,591 63.4 
19677 1,998 61.8 
1968...........- 1,475 60.2 
19699. 1,827 68.0 


1 Mechanical loading includes coal handled on 


(Thousand short tons) 
Fresh-mined coal 
Underground 
Percent 
Hand of total Total? Quantity 
loading under- 
ground 
2,051 88. 5,297 5,939 
1,498 86.6 4,088 5, 258 
1,260 88.7 8,258 4,740 
975 89.8 2,450 4,696 
779 87. 2,106 4,579 


2 Data may not add to totals shown because of independent rounding. 


Strip pits 

ercen 
of total Total 2 

fresh- 

mined 
52.9 11,236 
56.2 9,342 
59.3 7,998 
65.7 7,146 
68.5 6,685 


it-car loaders and hand-loaded face conveyors. 


Table 19.—Average sales realization of Pennsylvania anthracite (excluding dredge coal) 
at preparation plants, by regions and sizes 


(Per short ton) 
"" Lehigh region Schuylkill region 
e — 
1965 1966 1967 1968 1969 1965 1966 1967 1968 1969 
Limp and n ͥ ³·¹ð·ꝗæeDſdſſddddd ↄ x (tls c 
Egg. ST ... y $12.95 $12.46 $12.68 $12.99 $14.16 $12.65 $12.42 $12.49 $13.26 $13.66 
Stove.... . ͤ ĩðâ ĩͤ ee 12. 2.08 2.51 12. . š 11. . 80 .82 13.92 
Chestnut 12.50 11.95 12.46 12.98 14.08 11.68 11.04 11.53 12.66 13.84 
ee 10.09 9.00 9.42 10.88 11.75 9.87 8.66 9.15 10.44 11.91 
Total pea and larger 12.01 11.87 11.76 12.18 18.48 11.11 10.51 11.00 12.15 18.388 
Buckwheat No. 1........... 9.28 8.45 9.01 9.70 11.18 8.69 8.68 9.02 10.08 11.56 
Buckwheat No. 2 e 9.66 9.32 9.62 10.24 11.49 8.58 8.28 8.67 9.80 11.30 
Buckwheat No. 8 (barley)... 7.57 7.58 7.78 8.29 9.42 7.12 7.19 7.43 8.18 9.54 
Buckwheat No. A 5.57 5.59 5.48 5.72 5.92 5.26 5.32 5.50 5.91 6.67 
Buckwheat No. 5. 5.86 5.38 5.46 5.54 5.80 4.81 4.61 4.70 4.95 5.34 
Other 222 2.98 2.99 8.18 3.36 3.55 3.44 3.57 3.95 3.56 3.78 
Total buckwheat No. 
1 and smaller 6.66 6.26 6.49 7.20 8.89 6.19 6.28 6.18 6.65 7.76 
Total all sizes 8.80 7.98 8.42 9.08 10.88 7.75 7.58 7.60 .26 43 
Wyoming region ? Total 
Lump i and broken $12.89 $12.50 $14.96 314.80 $12.39 $12.50 $14.96 314.80 
qms Wo 18.12 12. 74 24 $13.86 12.99 12.48 12.65 18.12 $13.95 
Stove... 3 Ue ca. 12.58 12.17 12.66 18.40 14.82 12.25 11.77 12.25 18.02 14.06 
Chestnut 12.51 12.04 12.81 13.58 14.58 12.17 11.59 12.08 13.02 14.12 
OW Le eed 10.62 10.84 10.78 11.61 12.81 10.02 9.85 9.75 10.80 12.14 
Total pea and larger.. 12.09 11.65 11.99 12.98 18.96 11.70 11.11 11.58 12.40 18.56 
Buckwheat No. 1... 9.84 9.01 9.60 10.56 11.77 9.03 8.74 9.19 10.18 11.53 
Buckwheat No. 2 (rice) MS 9.42 9.18 9.59 10.59 11.79 9.08 8.77 9.16 10.11 11.47 
Buckwheat No. 3 (barley)... 7.42 7.80 7.44 8.26 9.48 7.28 7.28 7.51 8.20 9.49 
Buckwheat No. 4 5.82 6.16 5.65 5.80 7.55 5.45 5.56 5.51 5.84 6.56 
Buckwheat No. 5..........- 5.08 5.43 4.55 4.17 4.65 4.64 4.98 4.95 5.06 5.47 
Other 1. . sd 1.80 2.04 2.45 2.45 1.98 2.86 3.09 3.43 3.22 8.16 
Total buckwheat No. 
1 and smaller...... 6.91 6.96 6.58 7.04 7.88 6.48 6.40 6.85 6.87 7.98 
Total all sizes 9.46 9.18 8.91 9.48 10.51 8.51 8.08 8.15 8.78 9.91 


1 Quantity of lump included is insignifican 


? Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 


3 Includes Sullivan County. 
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Table 20.—Average value of Pennsylvania anthracite from all sources, by regions 1 


(Per short ton) 
1968 1969 
Shipped Shipped Colliery Total Shipped Shipped Colliery Total 
Region by rail by truck fuel by rail by truck fuel 

ËTT ——M— € $8. 2 $9.21 $9.63 $9.08 975 89 $10.89 $12.05 $10.34 
Schuylkill....................... 6.7 8.68 9.08 7.80 96 9.89 11.11 8.94 
Wyoming 9g =a 710: 92 8.86 1.77 9.87 11. 87 9.84 10.11 10.51 
Otel: EE 8.06 8.84 8.83 8.48 9.11 10.07 11.28 9.62 


1 Value given for shipments is that at which coal left possession of producing company; does not include 
selling wa yasa 
? Includes Sullivan County. 


Table 21.—Wholesale prices of Pennsylvania anthracite, in 1969, by sizes 1 


(Per short ton) 
Size Winter Spring discount Summer-fall End of year 
Egg and Stove. .............- $15.45-$15.60 $14.70-$15.60 $15.25 $15.75-$16.70 
Chestnut 15.25- 15.30 14.50- 15.80 15. 00 15. 20— 16.40 
%%% K sensns 12.25- 12.45 12.25- 12. 45 12. 50 12. 80— 14.00 
Buckwheat No. 11. 11. 60— 11.75 11.60- 11.95 vr 90— 12.00 12.30- 18.60 
Buckwheat No. 2 Ko See 11.60- 11.75 11.60- 11.95 1.90- 12.00 12.30- 18.60 
Buckwheat No. 3 (barley)..... 10.00- 10.25 10.00- 10.75 10. 75- 11.00 11.00- 12. 10 


1 As quoted in The Black Diamond Magazine. All prices are per short ton f.0.b. at mines. 


Table 22.— Employment at operations producing Pennsylvania anthracite 
(including strip contractors) in 1969 


Lehigh Schuylkill Wyoming | Total 
region region region ! 
1969 » 1968 
Average number of men working 
Underground. 83 848 648 1,529 1,688 
In strip pits. ............... 582 722 414 1,718 1,891 
At culm banka 152 261 185 548 608 
At preparation plants 452 804 856 1,612 1,778 
Other surface 83 261 587 831 914 
Total excluding dredge 
operations 1.252 2, 896 2,090 6,238 6,864 
Dredge operations. 62. beeches 62 68 
Toll. __ Ancus 1.252 2.958 2,090 6,800 6,982 
Average number of days active: 
l operations except dredges. . 218 222 229 221 217 
Dredge operations 2Tb- ` tee 2 275 269 
Average, all operations 218 228 229 221 217 
Man-days of labor: 
All operations except dredges.. 272, 925 643,412 465, 595 1,881,982 1,489,314 
Dredseoneiions Ae 17,88 x 17,068 18,264 
Total, all operations 272, 925 660,480 465,595 1,899,000 1,507,578 
Av tons per man-day: 
operations except dredges.. 9.04 8.01 ` 5.11 7.24 7.31 
D operations 31.5 81.56 83.18 
Average, all operations 9.04 8.61 5.11 7.49 7.62 


p Preliminary. 
1 Includes Sullivan County. x 
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Table 23.—Employment at operations producing Pennsylvania anthracite 
(including strip contractors) by counties 


County 1968 1969 p County 1968 1969 p 
Berks, Lancaster, Lebanon, ! Northumberland 771 699 
and Snyder 55 50 Schuylkill“ lll. 2, 588 2,350 
Carbone eee se ose es 230 208 Sullivan.....................-- 14 13 
Columbia... ccc lo e cie sees 211 195 Susquehanna..................-. 7 6 
Dauphin... e 2222. te 89 82 —yV 
Lacka wanna 433 391 d Ne H EECHER 6,932 6,300 
Lauszerne 2,534 2,306 


p Preliminary. 
1 None employed in Lebanon in 1968. 
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Tabie 26.—Shipments of Pennsylvania anthracite, by destinations 1 
(Thousand short tons) 


Destination 1965 1966 1967 1968 1969 


TRUCK SHIPMENTS 


Pennsylvania: 


ithin region... l... 8 2,712 2,348 1,986 2,021 1,918 
Outside region. nnn ,015 2,685 2,485 2,269 2,151 
PJ!!! ³Ü¹ꝛꝛ ³ Ad A Ou a LAE 521 477 418 409 369 
New n lou ³⁰³ Eed 440 392 286 248 247 
Dela waren Eh ONE EET 80 26 28 26 22 
Maryland EE 63 69 89 188 94 
District of Columbia „ 7 2 
Other State... 24 21 20 18 17 
FOTI EEN 6,812 6,021 5,812 5,181 4,821 


New England States 298 221 174 168 107 
New York- Ee eet 1,056 957 708 606 645 
New Jersese99ũ”dt 899 323 263 291 
Pennsylvania... 1,780 1,247 1,052 846 940 
GREEN 4 1 (3) 
Ma DQ EE ͤ D D LE E 184 210 88 82 94 
District of Columbia 12 9 10 9 4 
A ek AT BEE 89 29 13 6 
1a OEC NEN nO IH a Em m OR EE? 142 121 85 98 215 
India. o ß ER 80 67 51 43 
PUN ET EE EE EE 121 108 114 108 102 
JJV goo oe ule So ae ee 21 19 16 14 
INNCHOUG uo ea es Be ⁊ ee a E 89 25 22. 18 25 
e 8 84 54 41 42 33 
A/ l »A /- d ewe eee 272 305 244 288 312 
Total United State? . 2: 2. 22 LLL ee 4,788 3,768 2,986 2,476 2,792 
CJJJJJJ77öÜ%Üèẽ6“ ] es soe DN 464 ^ 43 806 808 87 
Other foreign countries 1,170 741 894 697 853 
Grand total2_ ⁵ðꝛ y 6,422 4,943 4, 136 3,481 4,018 


„ from reports of Pennsylvania Department of Mines and Mineral Industries; does not ine lude 
ge coal. 

2 Data may not add to totals shown because of independent rounding. 

3 Less than 1⁄4 unit. 


Table 27.— Consumption of Pennsylvania anthracite in the United States, 
by consumer categories 


(Thousand short tons) 


Residen- Iron and steel 
tial industry 
and Colliery Electric Cement ——————————— Other Unac- 
Year commer- fuel utili- plants Sinter- indus- counted 
cial ties 2 Coke ing and trial! for 1 
heating 1 making pellet- 
izing 3 
0 € 6,628 148 2,158 269 507 966 2,071 158 
19666 5 5,622 141 2,192 187 515 897 1,715 131 
1961. on L... PERSE 5,085 143 2,186 239 528 819 1,800 50 
1968... 222 ( 8 4,'159 56 2,208 181 532 748 1,635 46 
1969 nose nmR EO Fi 4,209 17 1,849 218 548 623 1,355 sere 


1 Estimated. 
2 Federal Power Commission. 
3 Annual Statistical Report, American Iron and Steel Institute. 


894 MINERALS YEARBOOK, 1969 


Table 28.—U.S. exports of anthracite by countries and customs districts 


(Thousand short tons and thousand dollars) 


1968 1969 
Quantity Value Quantity Value 


COUNTRY 

ß EE 2 $33 (1) $1 
KLEES 4 99 5 105 
Jͥù ]⁰²˙ dd ng EEN 3 4 197 
%%%000%%% ]%ĩ2˙!! TTT... 401 4,979 473 6,117 
CIO: PU CT UNSER ⁰⁰yd y 1 17 
Ke nou. oe eee tS eta LER LL ME (1) 6 1 14 
Germany, W· ttt ↄ ↄ (1) 1 41 423 
kr ĩ⅛˙⅛]ͥ è d...... ems EE cla s (1) 8 86 
öõÄÜĩr⁵ : EE 59 585 40 419 
TT œ x è :. k uu e seat cease 2 22 ³ — "bees 
JJGööͤrh%eſ y 12 157 8 123 
Netherlands (1) 23 454 
EE LED t ECRIRE PME (1) 2 3 49 
PRIN DINGS MEE NOR eee eee c 1 17 1 22 
I c oo ee ee ³¹wV ſſddſſſſ te ee 88 1 14 (1) 6 
Menezuélü: uoc nci ccce ⁰ d ⁰ͥ¶⁰dʒd gU eee 9 151 197 
Vietnam, South... . kk „„ 22 36/%// 8 
en e . . Ds 1 11 14 183 
OP de ee A Ses eee eee ͥ ͤ y . 2 AUS (1) 21 1 57 
vk $ HEEN 518 6,553 627 8,420 

CUSTOMS DISTRICT 
Baltimoro- u up ß e e Ei $8 $78 
F u nz ecole seu ð Me m EE 137 1,982 137 2,120 
RI o nh GE EE EENEG 103 20 899 
HAU ee i ee LEE LE ĩ ⁰ ⁰ a u aux 132 2 86 
Laredo EE 12 157 8 123 
Los Angeles... ß eee dude meme muet. (1) 1 2 24 
löl. ð 8 13 (1) 4 
e ß d ME cedec 3 75 
New York p ß ecu Em uM S EE E 4 49 8 78 
INGTON see EE 1 16 2 40 
Gan; 5: = 54 654 68 855 
Bi om SS ie e iS 295 3,418 377 4,485 
AH Prancise0 525. s S ³oͥ WA A ache ë dicus 1 19 
St WT d o o o noce d . Ra Sie Sasu 2 20 1 17 
SS EE EE ( 1 7 
OUNCE ee Ee EE uf ur eege (1) 10 
T Ot usan uyu usuy Sumu d E see 8 518 6,553 627 8,420 


1 Less than unit. 

Note: According to the Association of American Railroads, 1,106,409 short tons was exported to Europe 
during 1969 compared with 880,076 tons in 1968. Of this total 1,037,470 tons was consigned to West Germany 
and Netherlands, including exports to the U.S. military forces. This compares with 819,824 tons in 1968. 
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Table 29.—World production of anthracite by countries 


(Thousand short tons) 
Country 1967 1968 1969 » 
S/ Ste T uu E r 5,459 5,409 e 4,630 
Bulgaria MCCC r 207 4 198 
hin, f,dddd 19, 842 22, 04 22, 046 
c We MC Kor 13,2638 11,688 e 11,795 
Germany, WeBt. ͥ o ͥ 0 ²˙¼˙ʒ ecu drum 12, 108 11,759 e 10,688 
Eréelind.-- 6. osi n mac ce rote y uswa E 122 114 e 110 
BERT EE cc yd ⁰⁰⁰⁰ E LA E 1,669 1,641 1,850 
orea: 
EE o Pd WEES cope nuper 18,789 20,393 22,156 
South EEN 18,708 11,290 11,324 
MOFPOGDO.. EE 531 | 497 56 
Netherlands! usu uu eR ee bes ee eee 4 Ge 7,944 6,122 
Portugul-. c uyana s pusu ]ix7“ 488 4838 e 898 
Rünmsnig 6... 2 I u usu cater r LA EL 17 17 17 
South Africa, Republic of 1,411 1,505 1,699 
SDRIHR- S nrc Moll EE r 8,052 8,155 8,050 
FS S MM Mq M NORMEN ME 8 85,081 85,429 e 85,760 
United Kingdom. knn 4,588 4,845 e 4,028 
United States (Pennsylvania 12,256 11,461 10,473 
Vietnam: North t- u. usu GE eher 8,086 8,807 8,807 
17%/Gſ/ſ/ͤͤͥͤĩ³Ü14⅛⅛ĩ⅛ ͥ ͥ ³·¹ w d ee r 199, 779 202, 032 199, 602 


e Estimate. p Preliminary. r Revised. NA Not available. 

! Less than 10 percent volatile matter. ; 

NOTE: Insignificant quantities produced in New Zealand, South Vietnam, and possibly other countries. An 
undetermined amount of semi-anthracite is included in figures for some countries. 
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Cobalt 


By Gilbert L. De Huff 


The serious shortage of nickel, which re- 
sulted from protracted strikes in Canada 
and the United Kingdom in the last half 
of the year, increased demand for cobalt at 
a time when consumption already was at 
a substantially high rate. In spite of con- 


tinued Government sales of surplus stock- 
pile cobalt at the rate of 1 million pounds 
per quarter through September and 2 mil - 
lion pounds per month after that, a 
tightness in cobalt supply was experienced 
and two increases in the producer price 
followed. 


Table 1.—Salient cobalt statistics 
(Thousand pounds of contained cobalt) 


1965 
United States: 
Consumptioůon 13, 595 
Imports for consumption 15, 408 
Stocks, Dec. 31: Consumer 1,590 
Price: Metal, per pound $1.50 
World: Production...................- 40,624 


1966 1967 1968 1969 
14,205 13,976 18,000 15,890 
18,828 8,2165 9,068 11,976 

1,996 2,471 2,189 2,191 

$1.65 $1.85 $1.85 31.85-82.20 
46,782 44,028 45,412 44,592 


Legislation and Government Programs.— 
The Office of Emergency Preparedness 
(OEP) on March 27 revised the conven- 
tional-war stockpile objective for cobalt to 
38.2 million pounds (cobalt content) from 
42 million pounds. 

Government sales of cobalt through Sep- 
tember totaled 2,849,469 pounds as a result 
of competitive bidding on quarterly offer- 
ings of approximately 1 million pounds 
each. The fourth quarter offering was in- 
creased to 2 million pounds and competi- 
tive bids were opened in October. In each 
of the 2 following months offerings of 2 
million pounds were made on an off-the- 


shelf basis. Sales of the three fourth-quar- 
ter offerings totaled 6,049,731 pounds. 
Total sales for the year were 8,899,200 
pounds of cobalt metal. The sales in No- 
vember and December consisted of gran- 
ules only and were restricted for domestic 
consumption. The earlier sales comprised 
granules and broken cathodes, and were 
unrestricted except as to quantity. All 
metal sold was from the Defense Produc- 
tion Act inventory. 

As of December 31, 1969, the total U.S. 
Government stockpile inventory was 
84,289,302 pounds of cobalt. Of this quan- 
tity, 75,715,194 pounds was stockpile grade. 


DOMESTIC PRODUCTION 


Cobalt continued to be produced in the 
United States as a byproduct of iron ore 
mining. Further drilling in Idaho at the 
Blackbird cobalt-copper deposit of The 
Hanna Mining Co. increased reserves, and 


pilot plant investigation of treatment 
methods for the ore was completed. Evalu- 
ation of the findings continued. 


1 Physical scientist, Division of Ferrous Metals. 
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CONSUMPTION AND USES 


Consumption of cobalt in the United 
States in 1969 was at a rate well in excess 
of that of the previous year, even before 
the Canadian nickel work stoppages 
brought an increased demand for cobalt as 
a partial substitute for nickel in some of 
the latter’s uses. The most important of 
these uses was electroplating. The increase 
in consumption of cobalt in salts and 
driers, as reported to the Bureau of Mines 
and shown in tables 4 and 5, reflects this 
substitution. However, the data in these 
tables do not account for all the cobalt 
used for this purpose, either as salts or as 
metal, and the missing portion may be as 


much as 3 million pounds. This would put 
total U.S. cobalt consumption at approxi- 
mately 18 million pounds for 1969. 


Harshaw Chemical Co., M&T Chemicals 
Inc., and Udylite Corp., all important sup- 
pliers to electroplaters, provided processes 
wherein cobalt substituted for a large part 
of the nickel used in plating. Two of these 
processes featured anodes of 50 percent 
cobalt-50 percent nickel alloy used in con- 
junction with special plating baths. 

The superalloy (Stellite, Hastelloy, etc.) 
operations of Union Carbide Corp. at Ko- 
komo, Ind., were to be acquired December 
31 by Cabot Corp., according to an agree- 
ment reached by the two companies. 


Table 2.—Cobalt materials consumed by refiners or processors in the United States 
(Thousand pounds of contained cobalt) 


Form ! 


1965 1966 1967 1968 1969 
Alloy and concentrate 1,188 1,214 1,168 1,184 1,004 
50r a ———— ———— yd y a 1,669 1,699 1,618 1,831 2,819 
de EE 32 85 18 14 25 
TEE 3 6 2 11 1 


1 Total consumption is not shown because some metal and hydrate originated from alloy and concentrate, 


and a total would involve duplication. 


Table 3.—Cobalt products 1 produced and shipped by refiners and processors in 
the United States 


(Thousand pounds) 
1968 1969 
Production Shipments Production Shipments 

Gross Cobalt. Gross Cobalt Gross Cobalt Gross Cobalt 

weight content weight content weight content weight content 
Oxide 399 280 365 256 604 425 590 415 
Hydrate ` 658 318 559 264 759 421 576 316 

Salts: 

Acetate... 1,480 355 1,482 855 1,490 875 1,477 872 
Carbonate. 524 244 556 258 1,298 574 1,270 570 
Sulfate.... 1,166 239 1,087 226 1,976 418 1,974 418 
Other..... 437 118 422 95 1,131 291 1,115 294 
Driers......... 9,697 650 9,541 628 9,017 631 8,662 607 
Total... 14,361 2,204 14,012 2,082 16,270 3,135 15,664 2,992 


1 Figures on metal withheld to avoid disclosing individual company confidential data. 


COBALT 


399 


Table 4.—Cobalt consumed in the United States, by end uses 
(Thousand pounds of contained cobalt) 


Use 1969 
Steel: 
Carbo zur p ß tee eee se souls 5 
Stainless and heat-resistin gz 73 
Alloy (excludes stainless and tool). __.._....__------_--_--_----- ee 282 
DOO eee so see ³ð³/ſ// ee See dL E see ⁰⁰ʒ A Ad ee 570 
REENEN aa a a Les isa eae orate oe Ww 
GE gier EE 8,675 
oys (exclude alloy steels and superalloys): 
Cutting and wear-resistant materials ll)) 1,747 
Welding and alloy hard-facing rods and materials -------------------- 302 
Mee ³ H y 2, 560 
Nonferrous AllOVB... »⁰GG . u EER 660 
FCCÄÄÜ˙¹˙Ü.ſfſfſſfuſ ³ ³ ꝓꝓꝓꝓꝓJJy yy 22 SZ S EE 1. 108 
Mill products made from metal poeder. . . ........ . ..-- 39 
hemical and ceramic uses: 

ann SD d ß Ei tea a teu ues 191 
Catalysts EE 286 
Ground coat frit EE 133 
A ⁰ E 74 
CGEffff⁵ꝛ˙ cores br eu a ie A ee S sana E ier 5 
Miscellaneous and unspecified...........................- Ll L2 eee 1,104 
Total SEN 12,818 

Salts and driers: Lacquers, varnishes, paints, inks, pigments, 
enamels, glazes, feed, electroplating, etc. (est.). .........------------------- 2,577 
Grand total š. u uu ðIͥñ es eee occ eee A ous Ss 15,390 


W Withheld to avoid disclosing individual company confidential data; included in “miscellaneous and un- 


specified.” 


1 Includes cemented and sintered carbides and cast carbide dies or parts. 
2 Data may not add to totals shown because of independent rounding. 


Table 5.—Cobalt consumed in the United States, by forms 
(Thousand pounds of contained cobalt) 


Form 1965 1966 1967 1968 1969 
eet ere 10,872 11,768 11,610 10,456 11,889 
Oxide... occu s e 961 768 654 573 646 
Purchased scrap...........- 87 48 120 145 828 
Salts and driers. .. ......... 1,675 1,621 1,592 1,826 2,577 
Totali.............- 18,595 14,205 18,976 18,000 15,390 


! Data may not add to totals shown because of independent rounding. 


PRICES 


The producer price for metal granules 
(shot) containing 99 percent or more co- 
balt in 500-pound kegs, and that for elec- 
trolytic cathodes (broken) containing ap- 
proximately 99.9 percent cobalt in 
551-pound (250-kg) drums, remained at 
$1.85 per pound, f.o.b New York or Chi- 
cago, until October 20. The price for both 
granules and cathodes was then raised to 
$2 per pound, both in 551-pound drums, 
Lob New York or Chicago. Effective No- 
vember 17 this price was raised to $2.20 
per pound and remained unchanged for 
the balance of the year. 


An open market for cobalt metal devel- 


oped in the last half of the year with 
prices reportedly as high as $3 per pound 
domestically and as much as $3.15 to $3.50 
per pound abroad. 

Prices obtained by General Services Ad- 
ministration in its sales of surplus Govern- 
ment stocks of cobalt metal by competitive 
bidding advanced sequentially in the fol- 
lowing ranges: $1.634 to $1.7765, $1.644 to 
$1.80, $1.6153 to $1.85, and $1.84 to $2.60, 
per pound. The cobalt metal sold off-the- 
shelf in November was priced at $2 per 
pound of contained cobalt. The price for 
the December sale was $2.20. All prices 
were f. o. b. carriers conveyance at Govern- 
ment storage locations. 
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FOREIGN TRADE 


Exports of unwrought cobalt metal and 
alloys and of waste and scrap totaled 
2,952,628 pounds, gross weight, with a 
value of $2,769,116. These exports went to 
17 countries. West Germany, Japan, and 
the United Kingdom took the largest 
quantities—690,933 pounds ($410,730), 
542,971 pounds ($560,276), and 455,003 


($862,804), respectively. Exports of 
wrought cobalt metal and alloys were 
904,190 pounds, gross weight, valued at 
$3,182,396, which went to 29 countries. The 
imports of cobalt salts and compounds to- 
taled in table 7 came from the United 
Kingdom and West Germany. 


Table 6.—U.S. imports for consumption of cobalt metal and oxide, by countries 
(Thousand pounds and thousand dollars) 


Metal Oxide 
Country 1968 1969 1968 1969 
Gross Value Gross Value Gross Value Gross Value 
weight weight weight weight 
Belgium- Luxembourg 8,404 $6,146 8,047 $6,001 1,184 $2,108 1,152 $1,980 
77. DN 1,032 1,909 814 1,505 2 Buc leone 
Congo (Kinshasa). .........- 2,649 ,680 5,882 9,97 8 16 
Ando... ⁰³ »A Soles. Vena 888 /// ee ee lee Bete 
EE 776 1,418 168 ) 
Germany, West...........- 23 51 12 I9' lle 8 15 26 
BD8D.. 25-2 cto 8 9 5 6 (1) (1) (1) (1) 
Netherlands..............- 30 32 10 J ee ex ̃᷑ ᷣ̃ᷣͤ e LE 
Norway 741 1,370 1,686 3,084 , 24225-0 Costes 
Switzerland (1) 7 ᷣ ͤ Kw ͥ AA ⁰˙ wl daane eel i. 
United Kingdom 398 447 85 98. i ess (1) 1 
Western Africa, n.e.c........ 158 % ³·˙¹¹¹ u ⁰õyyͥ eenas . uasa. Soaeue 
Total... nl Ree 9,219 16,286 12,087 21, 725 1, 186 2,113 1,175 2,028 
1 Less than }4 unit. 
Table 7.—U.S. imports for consumption of cobalt, by classes 
(Thousand pounds and thousand dollars) 
Se Metal Oxide Salts and compounds Total 
ear —V 

Gross Value Gross Value Gross Value - Gross Cobalt 
weight weight weight weight content e° 

10 L 7,946 $14,420 1,044 $1,670 167 $200 9,157 8,215 

1968...........- 9,219 16, 285 1. 186 2,113 107 90 10, 512 9,068 

198990 12,087 21,725 1,175 2,028 131 67 18,343 11,976 

° Estimate. 
WORLD REVIEW 


Canada.—Although lengthy strikes at the 
Ontario operations of The International 
Nickel Company of Canada, Ltd. (Inco), 
and Falconbridge Nickel Mines Ltd. caused 
a drop in cobalt production, both compa- 
nies reported an increase in cobalt deliver- 
ies. Sherritt Gordon Mines Ltd. also had 
lower cobalt production in 1969, even 
though its operations were not affected by 
strikes. Inco reported cobalt deliveries of 
1,870,000 pounds in 1969 compared with 
1,790,000 pounds in 1968. Falconbridge 
stated that its "cobalt deliveries rose sub- 


stantially in 1969, reflecting unusually high 
demand for the metal." Cobalt production 
by Sherritt Gordon was 668,000 pounds in 
1969 and $894,000 pounds in 1968; sales 
were 725,000 pounds and 985,000 pounds 
respectively. The Cobalt Refinery Division, 
Kam-Kotia Mines Ltd., reported 290 tons 
of speiss produced at its Cobalt, Ontario, 
smelter in 1969 compared with 551 tons in 
1968. All speiss was shipped to Belgium 
for treatment, and an agreement was 
reached to continue these shipments in 
1970 at improved terms. 
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Table 8.—World production of cobalt by countries 1 
(Short tons of contained cobalt) 


Country 1967 1968 1969 p 
Australia (in nickel and zinc concentrates)... ... 164 287 e 330 
S,, ð Ee 1, 802 2,015 1, 602 
Congo (Kinshasa)... ))) 310,712 11, 628 e 11,000 
Cuba (recoverable from sulfide) 33. 1,150 1,400 1,700 
Fl, u ll SUT Bese , 984 1,875 1,800 
Germany, West (metal). -... 973 892 e 864 
Morocco (content of concentrate 2,125 e 1,840 e 1,700 

U.S.S.R. (metal) ... . . . . . . . . . . 1,500 1,500 1,65 
Zambia (cathode metal and other products) 1,604 1,319 1,650 
Sr 22,014 22, 706 22, 296 

e Estimate. P Preliminary. 


1 Cobalt was produced in Bulgaria, East Germany, and Poland, but production data are not available. U.S. 
figure is withheld to avoid disclosing individual company confidential data. Cobaltous pyrite concentrates 


continued to be produced and stockpiled in Uganda. 


2 Cobalt in all forms. Excludes the cobalt content of nickel-oxide sinter shipped to the United Kingdom by 
International Nickel, but includes the cobalt content of Falconbridge shipments of nickel-copper matte to 


Norway. 
3 Includes 7,126 short tons in cathodes and 3,586 short tons in granules. 


4 Content of cobaltous sulfides. 
s Total is of listed figures only. 


Congo (Kinshasa).—Union Miniére S.A. 
reported that agreement had been reached 
with the Congo (Kinshasa) Government 
giving the company satisfactory compensa- 
tion for the nationalization of its proper- 
ties, which occurred at the beginning of 
1967. The agreement was part of a 25-year 
extension of the technical cooperation 
agreement signed in 1967 between the 
company's affiliate, Société Générale des 
Minerais (SGM), and the Government 
company, La Générale Congolais des Mi- 
nerais (GECOMIN). 

Finland.—Outokumpu Oy used Sherritt 
Gordon’s hydrogen reduction process at 
Kokkola to recover cobalt metal from co- 
balt sulfate solution as powder or briquets 
analyzing 99.8 plus percent cobalt. The 
raw materials for the plant consisted of 
pyrite concentrate, from the Outokumpu 
mine, containing nickel, copper, zinc, and 
approximately 0.7 percent cobalt, and 
dead-roasted calcine having a cobalt con- 
tent of 0.8 to 0.9 percent cobalt.2 Cobalt 
metal production was 858 short tons in 
1969, compared with 557 tons in 1968. 
There were 234 tons of cobalt hydroxide 
produced in 1969. 

Japan.—Because of the shortage of co- 
balt, SGM notified Japanese consumers in 


December that its shipments to them 
would be reduced by half. 
Morocco.—Concentrates from the Bou 


Azzer mine, Morocco’s only cobalt produ- 
cer, have been exported to France, Bel- 
gium, and China.3 Depletion of reserves 
suggested that the mine would close by the 
end of the year or in 1971 at the latest. 


Uganda.—Kilembe Mines Ltd., a subsidi- 
ary of Kilembe Copper Cobalt Ltd., which 
is in turn a subsidiary of Falconbridge 
Nickel Mines Ltd., announced that it 
planned to build a plant to produce an- 
nually 1,000 tons of a cobalt compound at 
its copper property at Kilembe in western 
Uganda. Construction was to start by mid- 
1970 and be completed by the end of 1971. 
The cobalt will be extracted from pyrite 
concentrates that are being produced at a 
rate of 7,000 tons per month. In addition, 
stocks have accumulated since copper re- 
covery began in 1956. The cobalt com- 
pound will be shipped to Norway for fur- 
ther treatment at the Norwegian refinery 
of Falconbridge. 

Zambia.—Roan Selection Trust Ltd. and 
Rhokana Corporation Ltd. approved the 
main terms of agreement with the 
Zambian Government whereby the latter, 
through the Industrial Development Cor- 
poration of Zambia (INDECO), would ac- 
quire a 5l-percent interest in the mining, 
smelting, and refining operations of the 
companies on January 1, 1970. Production 
and shipment of cobalt cathodes by Rho- 
kana Corporation in the fiscal year ended 
June 30, 1969, constituted a record produc- 
tion of 1,817 short tons at an overall re- 
covery of 69.1 percent, compared with 
1,499 tons at 66.2 percent in 1968. At the 
Chibuluma mine of Roan Selection Trust 


2 Metal Bullentin (London). No. 5408, June 20, 
1969, pp. 24-25. 

3 Mining Journal (London). V. 272, No. 6971, 
Mar. 28, 1969, p. 253. 
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in the same fiscal year, a total of 34,620 
short tons of cobalt-copper concentrate was 
produced, of which 8,765 tons was sold 
and 14,103 tons was treated for extraction 
of copper and the precipitation of cobalt 
hydroxide. A plant to make cobalt hydrox- 
ide from Chibuluma concentrate was built 
at Chambishi and integrated with the ex- 
isting roast-leach-electrowinning plant. Pre- 
cipitation of the hydroxide began towards 
the end of the fiscal year, and samples 
were sent to prospective customers, Ore re- 
serves remaining at the Chibuluma and 
Chibuluma West mines as of June 30, 
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1969, were estimated at 6,354,000 tons aver- 
aging 5.12 percent copper and 0.21 percent 
cobalt, without allowance for dilution in 
mining. Ore production during the fiscal 
year totaled 768,480 tons containing 4.10 
percent copper and 0.16 percent cobalt. 
Ore-reserve estimates for the Baluba proj- 
ect were reduced to 65,800,000 short tons 
at 2.71 percent total copper and 0.17 per- 
cent cobalt. Metallurgical tests of the Bal- 
uba ore gave satisfactory results for copper, 
but cobalt recovery at a satisfactory grade 
of concentrate was disappointing. The tests 
were continuing. 


TECHNOLOGY 


The Bureau of Mines developed a chem- 
ical process in the laboratory for separate 
recovery of cobalt, nickel, chromium, and 
molybdenum from complex cobalt-base and 
nickel-base superalloy scrap. The procedure 
consisted essentially of the following steps: 
Scrap preparation by screening, magnetic 
separation, and burning; leaching with hot 
chlorinated dilute hydrochloric acid; re- 
moval of tungsten and silica from the 
leach liquor by carbon adsorption; succes- 
sive solvent extraction of molybdenum, 
iron, and cobalt with manganese; selective 
precipitation of manganese dioxide from 
the cobalt strip liquor using soda ash and 
chlorine; precipitation of cobalt carbonate 
with soda ash followed by calcination to 
metallurgical-grade cobalt oxide. Chro- 
mium basic sulfate and metallurgical-grade 
nickel oxide products were obtained in 
subsequent steps. Cobalt recovery of 95 
percent was obtained in the laboratory 
from the waste derived from dry-grinding 
nickel-base superalloy billets. The cobalt 
oxide product analyzed 73 percent cobalt, 
1.2 percent sodium, 0.2 percent nickel, 0.04 
percent sulfur, and 0.01 percent chlorine. 4 

In other Bureau work, a new method 
was developed for reclaiming refractory 
carbides and cobalt from cemented-carbide 
scrap. Molten zinc is used to form an alloy 
with the cobalt binder and thereby break 
up the cemented carbide. The zinc is re- 


covered from the alloy by distillation, and 
more than 98 percent of the cobalt can be 
recovered to use again as a carbide 
binder. 5 

Rare-earth-rich cobalt alloys were pro- 
duced in a Bureau laboratory from rela- 
tively inexpensive rare-earth oxides by 
electrodeposition of the rare-earth metals 
on a consumable cobalt cathode. The elec- 
trolytes were lithium fluoride and the re- 
spective rare-earth fluorides, except that 
the electrolyte for preparing cobalt-didym- 
ium alloy also contained barium fluoride. 
By the addition of more cobalt upon melt- 
ing, compounds suitable for the production 
of high-strength, fine-particle, permanent 
magnets can be obtained. 6 

During the year, there was considerable 
activity in the study and development of 
cobalt  heat-resisting alloys, permanent 
magnet materials, and high-strength steels 
and alloys. 7 


* Brooks, P. T., G. M. Potter, and D. A. Martin. 
Chemical Reclaiming of Superalloy Scrap. Bu Mines 
Rept. of Inv. 7316, 1969, 28 p 

5 Barnard, P. G., A. G. Starliper, and H. Ken- 
worthy. Reclaiming Refractory Carbides and Co- 
balt From Cemented-Carbide Scrap. Secondary Raw 
Materials, v. 7, No. 9, September 1969, pp. 19-21. 

6 Morrice, E., E. S. Shedd, M. M. "Wong, and 
T. A. Henrie. Preparation of Cobalt Rare - Earth 
Alloys by Electrolysis. J. Metals, v. 21, No. 1. 
January 1969, pp. 

7 Cobalt- A Quarterly publication on Cobalt and 
Its Uses. Cobalt Information Center, Battelle 
Memorial Institute, Columbus, Ohio, No. 46, 
March 1970, 56 pp. 


Coke and Coal Chemicals 


By Carl W. Kelley 


Coke production in the United States to- 
taled 64.8 million tons in 1969, up slightly 
from the 63.7 million tons produced in 
1968. The increase was due to an increase 
in oven coke production in 1969. Oven 
plant production was 64.0 million tons or 
1.9 percent above the 1968 output of 62.9 
million tons. Production of beehive coke in 
1969 totaled 710,000 tons, 8.4 percent less 
than the 775,000 tons produced in 1968. 

Although coke production increased 1.1 
million tons in 1969, pig iron production 
increased 1.7 million tons. Less coke was 
required at blast furnaces as the coke rate, 
the amount of coke required to produce 1 
ton of pig iron, fell from 1,263.4 pounds 
in 1968 to 1,260.4 pounds in 1969. 

Coke demand exceeded production 
throughout the year. At the beginning of 
1969 stocks were 6.0 million tons and de- 
clined to 3.1 million tons by yearend 1969. 
This supply was equivalent to 17.1 days' 
production at the December rate of out- 

ut. 

š Blast furnaces continued to use the bulk 
of the Nation's coke production, receiving 
91.1 percent of total shipments from pro- 
ducers. The remaining coke was consumed 
principally in foundries and miscellaneous 
industrial plants. A very small quantity 
was sold for residential heating. This latter 
market is rapidly declining and is expected 
to be nonexistent within the next few 
years. 

Breeze production in 1969 was 4.4 mil- 
lion tons compared with 4.1 million tons 
in 1968. Breeze is primarily used by inte- 
grated coke producers for sintering iron 
ore ànd for raising steam; it is suitable 
for most metallurgical applications because 
of its size and high ash content. However, 
about one-third of the 1969 output was 
sold for use mainly as a reductant in elec- 
tric furnaces that smelt phosphate rock to 
produce elemental phosphorus. Sales of 


breeze were 12.8 percent higher than in 
1968. 

Coal costs at coking plants in 1969 were 
on the average 41 cents more per ton than 
in 1968. Coal cost at plants increased in 
most States, but averaged lower in Califor- 
nia, Colorado, and Utah. Delivered prices 
of coal to oven coke plants ranged from 
$8.28 to $13.66 per ton. The average value 
of bituminous coking coal at slot ovens 
was $10.41 and at beehive ovens was $6.24. 
West Virginia, Pennsylvania, and Kentucky 
continued to be the main suppliers of coal 
to coke plants. Shipments from these States 
were 72.4 million tons or 79 percent of 
total coking coal shipments in 1969. 

Production of coal chemicals normally 
parallels oven-coke output, and this was 
true of all primary coal chemicals in 1969. 
Production of tar, light oil, and coke-oven 
gas registered increases ranging between 1 
and 8 percent over the quantities produced 
in 1968. Yields of coke-oven gas and light 
oil increased in 1969, whereas those of am- 
monias and tar decreased. Processing of 
crude tar and crude light oil for the pro- 
duction of various tar and light oil deriva- 
tives is an integral part of coke oven opera- 
tions at many plants. There was no change 
in the number of producers processing 
crude tar, and about the same percentage 
of tar was processed in 1969 as in 1968. 
With crude light oil, however, the greatest 
proportion of the output was sold for 
processing outside the producing plants. 
This marked change in the processing or 
refining of crude light oil started in the 
early 1960's, when a few of the producing 
plants started to sell their output because 
their processing equipment was not able to 
produce the high-purity derivatives re- 
quired by some of the large markets. 

Price quotations on oven foundry coke 
as published in various trade journals in- 


1 Chemist, Division of Fossil Fuels. 
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Table 1.—Salient coke statistics 


1965 1966 1967 1968 1969 
United States: 
Production: 
Oven coke. .... thousand short tons 65,198 65,959 63,775 62, 878 64,047 
Beehive oke do 1,657 1,442 806 775 710 
Totali... 2 l u. Tu. zz do.... 66,854 67,402 64, 580 63,653 64,757 
e Wo d EE 0...- 834 1,066 710 792 1, 629 
Import 90m we xS do.... 90 96 92 94 178 
Producers’ stocks, Dec. 31......... do.... 2,708 8,079 5,468 5,985 3,120 
Consumption, apparent do.... 65,379 66,019 61,572 62, 438 60, 436 
Value of coal- chemical materials used or 
SOId8dgl ¿c tok S ce thousands $311,407 $309,143 $292,579 $282,922 $288,963 
Value of coke and breeze used or sold 
thousands.. 1,118,070 1,166,663 1,107,144 1,175,503 1,402,716 
Total value of all products used or sold 
thousands. 1,429,477 1,475,806 1,399,723 1,458,425 1,691,679 
World production: 
Hard cke thousand short tons.. 342, 039 342,194 334, 970 346, 826 333,747 
Gashouse and low-temperature coke l 
thousand short tons. . 38,413 37,043 34, 273 31,438 29,873 


1 Data may not add to totals shown because of independent rounding. 


creased $3.00 per ton during 1969. Beehive 
coke prices at some locations increased 
$5.40 per ton. Prices on coal-chemical ma- 
terials changed only slightly during the 
year. There was a $2.25 per ton drop in 
ammonium sulfate, but naphtha prices in- 
creased approximately 3 cents per pound. 
Prices on the principal light oil derivative 
benzene remained about the same. Toluene 
prices increased approximately 8 cents per 
gallon. 
Foreign 


trade in coke was relatively 


small, but exports were more than 100 
percent greater than in 1968. This was due 
entirely to the almost doubling of exports 
to Mexico. Imports were insignificant and 
only about one-tenth as large as exports. 

The total value of all coals carbonized 
was $968 million, and the total value of 
carbonization products was $1,648 million 
or 70.2 percent more than the value of the 
coal. The value of coke and breeze repre- 
sented 84.4 percent of the value of all coke 
oven products. 


COKE AND BREEZE 


DOMESTIC PRODUCTION 


Production of coke, which had been de- 
creasing in the second half of 1968, in- 
creased in the first half of 1969. From 
January through June, daily average out- 
put ranged between 168,000 and 180,000 
tons. The daily average output of coke 
dropped during the next 3 months but 
turned upward in October and reached 
182,000 tons in December. 

The terms "merchant" and "furnace" in 
this report apply only to oven-coke plants. 
Furnace plants are owned by, or affiliated 
with, iron and steel companies that pro- 
duce coke mainly for use in their own 
blast furnaces. Merchant plants include 
those that manufacture metallurgical, in- 
dustrial, and residential-heating grades of 
coke for sale on the open market; those 
associated with chemical companies or gas 


utilities; and those affiliated with local iron- 


works that consume only a small part of 
their output in affiliated blast furnaces. 
Both merchant and furnace plants shared 
in the increased output primarily because 
of demands from all markets. Oven-coke 
output supplied by merchant plants in- 
creased in 1969, their share of the output 
amounting to less than 10 percent. Tables 
6 and 7 show production of oven coke by 
merchant and furnace plants in 1969. 

Coke was produced in 19 States in 1969, 
with 93 percent manufactured in 14 States 
east of the Mississippi River. Since the na- 
tionwide pattern of supply has not 
changed to any marked degree in the past 
decade, the relative proportions supplied 
by the individual States have remained rel- 
atively static. The bulk of coke output in 
1969, as always, was centered in the highly 
industrialized States which use coke as 
blast-furnace fuel for ironmaking. Pennsyl- 
vania continued to be the largest producer; 
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its oven- and beehive-coke output was 
nearly 30 percent of the U.S. total. 

Breeze is the small sizes of coke that re- 
sult from screening and, although there is 
no designated size, usually includes the 
coke that passes through a 14-inch screen, 
or in a few instances, a 54-inch screen. In 
past years, this material, which generally 
has a higher ash and moisture content 
than the large sizes, has been used princi- 
pally as boiler fuel at producing plants. 
Although about 12 percent of that pro- 
duced is still used for this purpose by 
producers, usage has changed considerably 
in the past decade, and 40 percent of the 
production in 1969 was used by integrated 
producers for sintering iron ores. 

The yield of breeze at oven-coke plants 
ranged between 7 percent for plants in 
Minnesota and Wisconsin to 3.2 percent 
for plants in Pennsylvania but averaged 
4.8 percent for the industry. Most beehive 
plants do not recover breeze, but the aver- 
age yield for the plants that did report 
production was 8.4 percent. 

Table 9 shows the production and dis- 
posal of breeze in 1969 by State; table 10 
shows the quantities of breeze used by pro- 
ducers according to major end use and the 
quantities and values of the breeze sold in 
1969 and in prior years and base periods. 


CONSUMPTION AND SALES 


The United States consumed 60.4 million 
short tones of coke in 1969. This apparent 
consumption, (total production plus im- 
ports, minus exports and changes in pro- 
ducers' stocks) was 3.2 percent less than in 
1968 and 1.8 percent less than in 1967 and 
23 percent less than the record high of 
1951. 

Although total apparent coke consump- 
tion decreased 2,002,000 tons in 1969, blast 
furnace consumption of coke increased 
3,938,000 tons compared with that in 1968. 
Pig iron production, however, was 6.2 mil- 
lion tons higher in 1969 than in 1968. 
Blast furnaces required 27 pounds less coke 
in 1969 than in 1968 to produce 1 ton of 
pig iron. This improvement in the coke 
rate, which has occurred each year since 
1951 with the exception of 1965, is the 
largest single factor in the general decline 
in coke consumption in recent years. The 
continuing downward trend in coke rates 
is attributed mainly to improved burdens 
(coke and iron ore) and advanced operat- 
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ing techniques, such as higher blast tem- 
peratures, fuel injection, and oxygen en- 
richment of the blast. The effect of these 
technologic improvements on the coke in- 
dustry can be illustrated as follows: If 
blast furnaces operated in 1969 at 1951 
rates, the 95 million tons of pig iron and 
ferroalloys produced in 1969 would have 
required 85.7 million tons of coke rather- 
than the 57.3 million tons actually con- 
sumed. 

Al other consuming groups used more 
coke in 1969. Sales to all other industrial 
plants increased more than sales to other 
categories, nearly 27 percent. Sales to the 
residential heating market decreased again 
in 1969; fuel oil and natural gas have vir- 
tually replaced coke for this purpose, and 
the quantity of coke so used will soon be 
negligible. 

Data on coke consumption are shown in 
table 11; data on coke rates are shown in 
table 12. 

Tables 13 and 14 summarize, by major 
end use, the disposal of oven and beehive 
coke in 1969. Furnace oven-coke plants 
supplied 90 percent of the 67.8 million 
tons of oven and beehive coke distributed. 
Ninety-eight percent of the coke distrib- 
uted by furnace plants was consumed in 
integrated and affiliated blast furnaces. An 
additional 0.5 percent was used for other 
purposes, and the remaining 114 percent 
was marketed, chiefly to blast furnaces and 
other industrial plants, but small quantities 
also went to foundries and for residentia! 
heating. 

Merchant coke plants distributed nearly 
6 million tons of coke in 1969, 95 percent 
of which was placed on the commercial 
market. Principal. markets were blast-fur- 
nace operations without coke facilities, in- 
dependent gray-iron foundries, nonferrous 
smelters, and chemical plants. Of the 5.9 
million tons of oven coke sold by mer- 
chant plants in 1969, 39 percent was 
shipped to blast furnaces, 46 percent to 
foundries, and 14 percent to other in- 
dustrial plants; the remaining 1 percent 
was sold for residential heating. Only 3 
percent of the total coke distributed by 
merchant plants was retained for use by 
the producers. 

Less than 1 percent of the coke distrib- 
uted in 1969 came from beehive plants. 
Seventy-eight percent of the beehive ship- 
ments went for use in blast furnaces. Most 
of the remainder went to other industrial 
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plants. These were mainly chemical plants 
that used the coke to produce calcium car- 
bide and elemental phosphorus. Minor 
quantities were used also in foundries and 
for residential heating. Coke was produced 
in or received by all States except Alaska, 
Hawaii, and the District of Columbia in 
1969. A total of 66.8 million tons of coke 
was distributed domestically. This was ap- 
proximately 4.9 million tons higher than 
shipments in 1968. Shipments to blast fur- 
naces rose by 4.5 million tons, and ship- 
ments to foundries and to all other in- 
dustrial plants increased by more than 
743,000 tons. 

Nineteen States consumed 600.9 million 
tons of blast-furnace coke. Pennsylvania, 
Ohio, Indiana, Illinois, Michigan, New 
York, Maryland, Alabama,:and West Vir- 
ginia together received 90 percent of the 
total. Most blast-furnace installations are 
integrated with coke ovens, and blast-fur- 
nace coke generally moves only short dis- 
tances, usually by conveyor belt or com- 
pany railroad within the producing 
establishment. Coke so restricted in its 
movement accounted for 90 percent of the 
blast-furnace distribution. The remaining 
10 percent was shipped out of the produc- 
ing State, mainly to affiliated blast furnaces 
in nearby States. 

The chief recipients of foundry-coke 
shipments were the automotive, farm-ma- 
chinery, machine-tool,  heavy-machinery, 
railroad, and electrical- equipment indus- 
tries. Most of these industries are concen- 
trated in the East and Midwest. To reach 
these markets, foundry coke generally must 
be shipped long distances by rail. In 1969, 
the combined consumption of Michigan, 
Ohio, Alabama, Pennsylvania, IIlinois, In- 
diana, Wisconsin, and New York accounted 
for 76 percent of the foundry-coke ship- 
ments. Lesser quantities were sent to 37 
other States. 

Less than 5 percent of the total coke 
distributed was utilized for miscellaneous 
industrial applications by among others, 
nonferrous smelters, alkali plants, and 
chemical plants that manufacture calcium 
carbide and elemental phosphorus. Leading 
consumers of this classification of coke 
were, in the order named, Pennsylvania, 
Ohio, Minnesota, Michigan, and Idaho. 
Together, these 5 States consumed nearly 
two-thirds of the total other- industrial 
markets. 
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The quantity of coke used for residential 
heating in 1969 declined 23 percent from 
the 1968 level. Although 22 States used 
coke for this purpose, the quantity sent to 
each was so small that the total distrib- 
uted was only 48,000 tons. Eleven States 
consumed less than 500 tons each, and 
only three States used more than 5,000 
tons. Distribution of oven and_ beehive 
coke and breeze, by major end use and 
final destination, are shown in table 15. 


STOCKS 


Coke stockpiled at producers’ plants de- 
creased in quantity in 1969. Stocks on 
hand at the close of the year fell below 
those of December 31, 1968, by nearly 48 
percent and the 3.1 million tons of coke 
on hand at the end of the year repre- 
sented an alltime low. Data on stocks are 
shown in tables 16 and 17. 

Furnace plants ended the year with 3.0 
million tons of coke on hand. Merchant 
plants had coke stocks of 99,000 tons. In 
terms of days supply, furnace plants had a 
supply equivalent to 19 days production at 
the December rate, while merchant plants 
had 6 days’ production. Stocks at merchant 
plants were composed of 2 percent blast- 
furnace coke; 69 percent foundry coke; and 
29 percent other grades. 

Stocks of coke at beehive plants were in- 
significant and varied only slightly from 
those in the preceding year. 

Coke breeze stocks were almost identical 
to those of 1968. Producers had a 274,000 
ton supply at merchant plants and 806,000 
tons at furnace plants. 


VALUE AND PRICE 


Average receipts for commercial sales 
f.o.b. plant of the different grades of coke 
as reported by producers are shown in 
table 18. Receipts for sales of oven coke in 
1969 averaged $24.50 per ton, an increase 
of $2.50. The average value of blast-fur- 
nace plant receipts increased $2.74 per ton. 
Foundry prices were on the average $2.86 
higher, and residential heating prices in- 
creased $.71 per ton. Receipts for total 
beehive-coke sales were $1.23 above those 
of 1968. 

The large variance in price for blast-fur- 
nace and foundry oven coke was attributed 
principally to the lower yields obtained in 
producing foundry coke, and to larger 
minimum sizes required to meet foundry 
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coke specifications. The differences in f.o.b. 
prices of oven and beehive foundry coke 
were due largely to transportation costs for 
coal and/or coke. 


FOREIGN TRADE 


U.S. exports of coke increased over 100 
percent from those of the preceding year. 
This increase was the result of the amount 
of coke shipped to Mexico, Rumania, 
Netherlands, and Venezuela. Mexico re- 
mained the leading export market, absorb- 
ing nearly 38 percent of the foreign con- 
sumption of U.S. coke. The combined total 
of shipments to Mexico, Canada, Rumania, 
Netherlands, and Venezuela accounted for 
88 percent of total coke exports. 

More than three-fourths of the coke ex- 
ports were through the Detroit, Mich., Mo- 
bile, Ala, Baltimore, Md. and Laredo, 
Tex. customs districts. Each of these ports 
handled well in excess of 100,000 tons. 
Table 19 shows exports of coke by country 
and customs district for 1967, 1968, and 
1969. The quantity shown is substantially 
larger than that reported by producers and 
shown in table 15, because there were ad- 
ditional shipments to foreign countries by 
export firms. 

The United States imported 173,000 tons 
of coke. Almost twice this amount was 
produced domestically in a single day. 
This imported coke had a negligible bear- 
ing on the general nationwide market and 
was significant only in certain local areas, 
such as the Northwest, which are far re- 
moved from sources of coke production. 

Ninety-eight percent of the coke im- 
ported for consumption in 1969 originated 
in Canada and was produced in the Prov- 
ince of British Columbia. This coke was 
used mainly in nonferrous smelters and 
enters the United States through the Great 
Falls, Mont. customs district. One and 
one-half percent of the imported coke 
came from West Germany, and the remain- 
ing ½ percent from France, the Nether- 
lands, and Japan. 
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Table 20 shows imports of coke for 1969 
and the two immediately preceding years, 
by country and customs district. 


WORLD PRODUCTION 


World production of metallurgical coke 
in 1969 was estimated at 334 million tons, 
an apparent decrease of 3.8 percent from 
the 1968 output. This decrease, however, is 
attributable entirely to the exclusion of 
the coke production of 10 countries for 
which data were not available. 

Europe maintained the lead in world 
production with 78 percent of the output. 
This share would be higher if data for 
Belgium and France were available. These 
countries combined produced 21 million 
tons of coke in 1968. 

Output of coke and breeze in the Soviet 
Union, the world's largest producer, was 
estimated at 81 million tons, about one- 
third of the European total and nearly 
one-fourth of the world output. This was 
an increase of 3 percent over the 1968 pro- 
duction and a record output for the 
U.S.S.R. Although Soviet production ex- 
ceeds that of the United States, the actual 
difference in outputs of the two countries 
was 11.8 million tons rather than 16.2 mil- 
lion tons as reflected in table 21, because 
the U.S. production figure does not include 
4.4 million tons of breeze produced in 
1969. 

The United States with 18 percent of 
the world output ranked second and West 
Germany, with 10 percent, ranked third. 
The United States had a 1.7 percent pro- 
duction increase, while West Germany's 
output was nearly 9 percent below that of 
1968. 

Other leading coke-producing countries 
in order of output were Japan, mainland 
China, United Kingdom and Poland. The 
greatest production increases of 19, 13, and 
12 percent, repectively, were recorded in 
Japan, mainland China, and North Korea. 
Production in other countries did not 
change appreciably. 


COAL CHEMICALS 


The term “coal chemicals" refers to the 
chemical materials recovered from the vol- 
atile matter released during carbonization. 
Normally, three basic materials—ammonia, 
tar, and light oil—are recovered at oven- 
coke plants through a series of complex 


condensation and absorption processes. The 
remaining material, which is rich in hy- 
drogen and methane, is called coke-oven 
gas. Except for ammonia, which is re- 
covered as an aqueous solution or con- 
verted to a salt and sold as produced, the 
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basic materials are in most instances fur- 
ther processed to yield a number of pri- 
mary organic chemicals or chemical mix- 
tures of which the most important are 
benzene, toluene, xylene, solvent naphtha, 
crude chemical oil, creosote oil, pitch, and 
pyridine. Although most oven-coke plants 
in the United States are equipped to proc- 
ess tar and light oil the extent to which 
individual plants produce the various 
products depends upon economic condi- 
tions and a number of other factors. 


Yields of the basic, as well as the pri- 
mary, chemicals vary somewhat with the 
kind of coals carbonized, carbonizing tem- 
peratures, and operating techniques and 
equipment, but approximately 315 pounds 
of coke-oven gas, 90 pounds of tar, 20 
pounds of light oil, and 5 pounds of am- 
monia are recovered for each ton of coal 
carbonized. In standard units of measure 
these quantities amount to about 10,500 
cubic feet of coke-oven gas, 10 gallons of 
tar and 3 gallons of light oil. Ammonia is 
recovered as ammonium sulfate at most 
operations, and the yield per ton of coal is 
approximately 20 pounds. Data on produc- 
tion and sales of basic chemical materials 
and derivatives at oven-coke plants in 1969 
are shown in table 38. 


Table 34 shows the heating value and 
coal equivalent of products other than 
coke produced at oven-coke plants. Al- 
though the quantities vary from year to 
year, most of the changes were due to dif- 
ferences in the amount of coal carbonized, 
rather than the fluctuations in yields. In 
terms of heating value, the products, not 
including coke, recovered in 1969, were 
roughly equivalent to the heating value of 
about one-fourth of the coal carbonized in 
slot ovens. Table 35 shows average values 
for the chemicals and surplus gas used and 
sold, compared with the unit values of the 
coke and breeze produced, from each ton 
of coal carbonized. 


COKE-OVEN GAS 


Coke-oven gas is one of the primary co- 
products recovered in the carbonization of 
coal in slot ovens. After tar, ammonia, and 
light oil have been removed from the gas- 
eous streams, coke-oven gas remains as the 
final product. Because it has a high calor- 
ific value producers use most of it as fuel 
for heating coke ovens and other steel-and 
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allied-plant furnaces. Small quantities are 
also sold for distribution through city 
mains and other industrial uses. 


Generally, between 9,300 and 11,000 
cubic feet of gas is produced for each ton 
of coal carbonized at high temperatures in 
slot ovens. This equals from 14 to 16 per- 
cent of the weight of the coals. In 1969, 
the yield of gas was 10,480 cubic feet per 
ton of coal, an increase of 2.2 percent from 
the 1968 yield. 


About 36 percent of the output was used 
at the plants to heat coke ovens. Gas used 


otherwise is called surplus gas and was 


used by producers to fire boilers, trans- 
ferred to steel or allied plants to heat 
open-hearth and other metallurgical fur- 
naces, sold for industrial use or distributed 
through city mains. A small part of the 
production was wasted, because storage fa- 
cilities at most plants are limited and the 
gas was burned in the atmosphere when 
production exceeded demand. 


Furnace plants consumed almost all of 
their own surplus gas, mostly in steel and 
allied plants. Only 2.1 percent of the sur- 
plus gas at merchant plants was used by 
the producers. The rest, except for the 
small amount wasted, was sold commer- 
cially for distribution through city mains 
and for industrial use. The bulk of the 
furnace-plant gas sales were to industrial 
plants. Table 39 shows the quantities of 
various gases used to heat ovens in each 
State and the total gas consumption in 
terms of coke-oven gas equivalent. Coke- 
oven gas was the principal fuel used for 
heating slot ovens, but blast-furnace gas, a 
mixture of coke-oven and blast-furnace 
gases, and natural gas were also used. Over 
450 billion cubic feet of coke-oven gas 
equivalent was so consumed, of which 77 
percent was coke-oven gas; 22 percent was 
blast-furnace gas; and the remainder was 
natural gas and producer gas. 


Surplus coke-oven gas used and sold in 
1969 was valued at/$138 million. This is a 
3.3 percent increase from the 1968 value. 
No value is reported by producers for 
coke-oven gas used to heat coke ovens, but 
applying the average value of $0.232 per 
thousand cubic feet reported for surplus 
gas to the gas used for underfiring, the 
total value of all coke-oven gas used and 
sold in 1969 would be $219 million. This 
value is equivalent to nearly one-fourth 
the total value of the coal carbonized. 
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COKE-OVEN AMMONIA 

Coal carbonized at high temperatures re- 
leases nitrogen, which oven-coke operators 
recover as either ammonia liquor, a weak 
solution of ammonia (about 7 grams per 
liter of solution), or as a crystallized solid 
(ammonium sulfate and diammonium and 
monoammonium phosphate). This am- 
monia must be removed prior to further 
processing of the gas, because it would 
otherwise form corrosive salts which would 
damage equipment or, if released as a 
waste material, would create stream pollu- 
tion problems. 

Most of the coke-oven ammonia is re- 
acted with sulfuric acid to form ammon- 
ium sulfate. In 1969, 55 plants used 92 
percent of the total ammonia recovered to 
produce 638,000 tons of ammonium sulfate, 
and another 5 percent was treated with 
phosphoric acid to produce 38,000 tons of 
diammonium phosphate at three plants. 
Eight plants recovered ammonia liquor, 
and six recovered no ammonia products at 
all. 

Table 40 shows production and sales of 
ammonia products and yields in 1969 in 
terms of sulfate equivalent. Compared with 
1968 the yield of ammonia declined 5 per- 
cent, and total output also fell 4 percent. 

Sales of ammonium sulfate decreased 8 
percent and ammonia liquor sales were 
about the same as in 1968. The average 
value per ton, f.o.b. plant, of ammonium 
sulfate decreased $2.22 per ton to $18.72 
and the average plant values of diammo- 
nium phosphate and ammonia liquor de- 
creased $9.72 per ton and increased $2.99 
per ton, respectively. The total value of all 
ammonia products sold was $15 million, 
equivalent to 5.3 percent of the total value 
of all coal-chemical materials sold. 


COAL TAR AND DERIVATIVES 


Crude coal tar is a black, viscous mix- 
ture of complex organic compounds that 
condense from the volatile matter when it 
is cooled. Most of the tar is recovered in 
collecting mains at the ovens when the gas 
is cooled by spraying with ammonia liq- 
uor; the remainder is recovered principally 
from the primary coolers when the gas un- 
dergoes further cooling. 

All oven-coke plants produce tar. How- 
ever, yields of tar vary widely among 
plants; in 1969 they ranged from 6.28 to 
9.82 gallons per ton of coal carbonized, 
and averaged 8.33 gallons. Generally, from 
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4 to 5 percent of the weight of the coals 
carbonized is recovered as tar. High-vola- 
tile coals evolve a larger percentage of tar; 
hence, California, Colorado, Utah, West 
Virginia, and Pennsylvania, which used the 
most high-volatile coal in their blends, had 
the highest ‘tar yields. Conversely plants 
using higher percentages of low- and medi- 
um-volatile coals and anthracite, such as 
those mainly producing foundry coke, had 
the lowest yields. 

Production of coal tar at oven-coke 
plants in 1969 increased 1 percent from 
1968 principally because more coal was 
carbonized. The average yield of tar de- 
creased slightly, 8.33 gallons per ton of 
coal as compared with the yield of 8.45 
gallons in 1968. Table 41 shows the quan- 
tities of tar produced, used by producers, 
sold, and in stock in the various States at 
the end of 1969. 

Coke-plant operators used 49.6 percent 
of the tar produced in 1969. Of this 
quantity, 74.1 percent was processed (re- 
fined or "topped"), 25.7 percent under- 
went no processing and was bumed for 
fuel, and less than 1 percent was used for 
miscellaneous purposes, such as tarring in- 
gots, road materials, and tar paints. The 
remaining 50.4 percent of the production 
was sold, principally to tar-distilling plants 
which refined it to produce many tar de- 
rivatives. 

Of the 13 coke plants that processed tar 
in 1969, seven topped their tar. In so 
doing, the low-boiling distillate fraction, 
consisting mainly of tar acids, bases, and 
naphthalenes is separated from the crude 
tar. The residue, or soft pitch, is usually 
burned as fuel. Furnace plants in particu- 
lar benefit from this procedure, because 
they. can sell the distillate and retain the 
pitch for use as fuel in open-hearth fur- 
naces. This reduces the amount of other 
fuels that normally have to be purchased. 
However, the relative quantities of tar 
topped and burned, as well as the quanti- 
ties sold, depend upon a number of eco- 
nomic factors, such as the availability and 
current market prices of tar, tar distillates, 
and other substitute fuels. All of the mer- 
chant-plant tar production was sold, be- 
cause these plants have no use for the 
pitch which makes up the bulk of the 
products recovered through topping. 

The majority of the plants that processed 
tar in 1969 recovered only crude chemical 
oil and a residual tar or soft pitch. How- 
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ever, some of the larger plants recovered a 
number of tar derivatives, including creo- 
sote oil, cresylic acid, cresols, naphthalene, 
phenol, pyridine, and medium and hard 
pitch. Statistics on some of these products 
could not be shown in this report, but the 
data were transmitted to the U.S. Tariff 
Commission, which published them, along 
with similar data from tar distillers and 
petroleum refiners, in monthly and annual 
reports on synthetic organic chemicals. 


CRUDE LIGHT OIL AND DERIVATIVES 


Light oil is a light-colored liquid com- 
posed of a number of aromatic hydrocar- 
bons, that is extracted from the gas after 
tar, ammonia, and, in some instances, naph- 
thalene, have been removed. Crude tar 
also contains a small amount of light oil, 
but this usually is not recovered by coke 
plants. Virtually all light oil produced at 
coke plants is recovered by an absorption 
process in which the gas is sprayed with a 
higher boiling petroleum oil as the gas 
stream is channeled through absorption 
towers. After recovery, light oil is sepa- 
rated from the absorption oil by direct 
steam distillation. Approximately 3 gallons 
of light oil, equal to 1 percent of the 
weight of the coal, is recovered for each 
ton of coal carbonized. Yields vary, of 
course, with the kind of coals carbonized 
and with operating conditions, but an av- 
erage of 2.87 gallons of light oil was re- 
covered at the plants that extracted light 
oil in 1969. Most plants recover light oil, 
but a few plants which find it uneconomi- 


COKING 


QUANTITY AND VALUE OF 
COAL CARBONIZED 


The carbonization of bituminous coal 
for coke production is currently the second 
largest end use of this fuel. Only electric 
utilities, whose annual consumption of bi- 
tuminous coal generally absorbs about half 
of the production, ranks higher in usage. 
In 1969, coke producers charged 93 million 
tons of bitumious coal, one-sixth of the 
total bituminous coal produced, into coke 
ovens. An additional 542,000 tons of an- 
thracite was blended with bituminous coal 
at oven-coke plants and carbonized, chiefly 
to produce foundry coke. 

The average value per ton for all coals 


MINERALS YEARBOOK, 1969 


cal to remove the light oil, leave it in the 
gas to be burned as fuel. Yields per ton 
of coal decreased 0.87 gallon at merchant 
plants, but increased by three-tenths of a 
gallon at furnace plants. 

Producers sold 51 percent of their out- 
put in 1969. The large increase in light-oil 
sales in recent years is attributed princi- 
pally to the inability of some plants to 
produce derivatives, particularly benzene, 
that meet the more rigid specifications es- 
tablished for these products. Such plants 
sell light oil to petroleum-refining compa- 
nies which process it along with petroleum 
fractions into benzene and a number of 
other chemical intermediates. Data on 
light oil and total derived products pro- 
duced and sold in the various States are 
shown in table 42. 

In the older light-oil-refining facilities at 
coke plants, light oil is refined by frac- 
tional distillation at atmospheric pressures, 
but in plants built in recent years, catalyt- 
ic-pressure refining is employed to pro- 
duce benzene, toluene,  xylene, and 
solvent naphtha. As with other coal-chemi- 
cal materials, yields vary somewhat, but 
approximately 85 percent of the light oil 
processed is recovered as salable products. 
Average yields of light-oil derivatives de- 
creased in 1969. Average yields for 1969 
and prior years are shown in table 43. 

Table 44 shows the quantities of the 
various grades of benzene and toluene pro- 
duced at coke plants, while table 45 shows 
the principal light-oil derivatives produced 
and sold and yields of the various products 
by State. 


COALS 


carbonized at oven-coke plants was $10.42 
compared with an average value of $6.24 
per ton for the coal carbonized at beehive 
ovens. The difference in value was attrib- 
uted mainly to transportation charges for 
coal shipped to oven plants, as virtually all 
eehive plants are located at the mines 
where they obtain their coal. In some in- 
stances transportation charges exceed the 
value of the coal at the mine, and this 
partially accounts for the high values of 
coals used at plants in the Western States, 
most of which receive shipments of low- 
volatile coals from the East. 

The overall average value per ton of the 
coals carbonized at both oven- and bee- 
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hive-coke plants was 41 cents more than in 
1968. 

An overall average of 1.44 tons of coal, 
valued at $915.01, was required for each ton 
of oven coke produced in 1969. Beehive 
ovens required an average of 1.63 tons of 
coal per ton of coke production, but coal 
costs averaged only $10.18 per ton of coke 
because of the lower value of the coal de- 
livered to beehive ovens. 

Tables 22-25 present data on the coals 
carbonized at oven and beehive plants. 


BLENDING 


The production of high-quality coke re- 
quires the use of coal with certain special 
characteristics. Since all of the desired 
properties are not inherent in an individ- 
ual coal, it becomes necessary to blend 
coals, exploiting the most favorable traits 
of each in a carefully balanced mixture. 
Thus, coals are selected and combined in 
order to improve the chemical and physi- 
cal properties of the coke, control the pres- 
sure developed in slot ovens during car- 
bonization, regulate the yield of products, 
and broaden the use of inferior coals. The 
usual procedure followed is to blend rela- 
tively small proportions of low-volatile coal 
with high-volatile coal. The exclusive use 
of high-volatile coals would result in a 
weaker coke and lower yields. The addi- 
tion of low-volatile coals improves the 
yield and the physical structure of the 
coke. However, the proportions of low-vol- 
atile coals used must be restricted, because 
they are highly expanding and, if used 
alone or in large proportions in the coal 
mix, would damage the oven walls when 
coke was discharged from the ovens. Some 
plants add medium-volatile coals or other 
materials, such as anthracite or coal.tar 
pitch, to their high- and low-volatile coals. 
The addition of medium-volatile coals can 
regulate the volatile matter in a mix to 
the desired content, while anthracite and 
coal-tar pitch are used to impart special 
properties to the resulting coke. 

Some coals are unsuitable for the pro- 
duction of coke, because they contain ex- 
cessive amounts of sulfur. These coals still 
may be utilized to some extent if they are 
blended with low-sulfur coals. This is per- 
missible if the low-sulfur coals compensate 
for the excess in the high-sulfur coals, 
maintaining the total sulfur at a level no 
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higher than nomally used for the produc- 
tion of coke of high quality. 


The relative quantities of high-, medium- 
and low-volatile coals blended by coke pro- 
ducers are fairly constant, with little varia- 
tion from year to year at individual plants. 
The largest proportions of low-volatile 
coals were used at merchant plants to im- 
prove the strength of the foundry coke 
which makes up the bulk of their output. 
Table 26 shows the average volatile-matter 
content of the coals carbonized at oven- 
coke plants, and table 27 shows the volatile- 
matter content of the coals received by 
oven-coke plants in the various States. 


SOURCES 


Although 23 States produced bituminous 
coal (excluding lignite) in 1969, only 10 
shipped coal to coke plants. Of this num- 
ber, five States (Alabama, Kentucky, Penn- 
sylvania, Virginia, and West Virginia) sup- 
plied 90.2 percent of the total. The 
remainder was supplied by Colorado, Illi- 
nois, New Mexico, Oklahoma, and Utah. 


Of the coals received by oven-coke 
plants, 36 percent was produced in West 
Virginia and 28 percent in Pennsylvania. 
West Virginia shipments were principally 
low-volatile coals from McDowell County, 
and high-volatile coals from Logan, Mar- 
ion, and Fayette Counties. Pennsylvania 
shipments were principally high-volatile 
coals from Washington, Greene, and Alle- 
gheny Counties, and low-volatile coals 
from Cambria County. 


Illinois supplied more than 3 million 
tons of high-volatile coal to coke plants in 
Illinois and Indiana. This coal was 
blended with larger proportions of high- 
rank Eastern coals that were shipped prin- 
cipally from Kentucky, Virginia, and West 
Virginia. 

Most of the coals carbonized in Califor- 
nia, Colorado, and Utah were produced in 
the latter two Western States. In most in- 
stances, plants in the Western States also 
received shipments of West Virginia low- 
volatile coals that were used for blending. 
Tables 28 and 29 show the origin of the 
coals received by oven-coke plants in 1968. 

The coke industry received 58 percent of 
its coal from company owned or affiliated 
mines in 1969. Most of the captive mines 
are owned by iron- and steel-producing 
companies. In 1969, 62.8 percent of the 
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total coal received by furnace plants was 
captive. Merchant plants received 35.3 per- 
cent of their coal from company owned or 
affliated sources. Table 30 shows the 
quantities and percentages of captive coal 
received by oven-coke plants each year 
from 1965 through 1969. 


STOCKS 


Producers’ month-end stocks of bitumi- 
nous coal at oven-coke plants, which aver- 
aged 8 million tons during the first 6 
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months of the year increased slightly but 
at the end of December were still 6 per- 
cent lower than at the end of 1968. Bitu- 
minous coal stocks at merchant plants were 
sufficient for 67.4 days supply at the De- 
cember rate of production; furnace plants 
had coal sufficient for 31.6 days supply. 

Stocks of anthracite amounted to 130,000 
tons at the end of 1969, a decrease of 24,000 
tons from the end of 1968. Tables 31 and 
32 show month-end stocks of bituminous 
coal and anthracite at oven-coke plants. 


TECHNOLOGY 


The major emphasis of research and de- 
velopment work on coal carbonization in 
1969 was directed toward reducing carbon- 
izing costs, improving coke quality and in- 
creasing oven productivity. More intensive 
efforts were made to develop equipment 
and establish techniques to reduce atmos- 
pheric and stream pollution. Work contin- 
ued on developing methods or processes. of 
producing metallurgical coke from noncok- 
ing coals. 

One of the more important innovations 
for reducing coke production costs in re- 
cent years has been the installation of 
high-capacity or large ovens. These ovens 
range in height from about 16.5 to 20 feet 
and average about 60 percent greater in 
capacity than the usual 13-foot-high ovens. 
Reduction in costs per ton of coke pro- 
duced is achieved through increased pro- 
ductivity. 

Various studies of the coking process to 
identify the important influencing factors 
and to determine the effect of these factors 
on the character of the coke produced in- 
creased the ability to control the produc- 
tion of uniform and high-quality coke. 
The quality and uniformity of metallurgi- 
cal coke are becoming increasingly impor- 
tant as blast furnace burdens and operat- 
ing practices are improved. Under such 
conditions, and with the continuing de- 
crease in the amount of coke required to 
produce a ton of iron, small changes in 
the character of the coke can have a rela- 
tively large influence on blast furnace per- 
formance. To minimize the possible dis- 
ruptive effects of such changes, operators 
must develop adequate means to control 
the quality and uniformity of the coke. To 
this end, the research conducted in 1969 
has identified with three independent coke 


plant operating variables that influence the 
quality and uniformity of coke and a de- 
termination was made of the effect of 
these factors on the character of the coke 
produced. Although substantial progress 
has been made in determining the factors 
that influence the quality and uniformity 
of coke, much remains to be done. Investi- 
gations are under way to test the validity 
of the relationships for various types of 
coal mixes, and related studies are in prog- 
ress to determine the effect of coking vari- 
ables on other properties of coke such as 
coke microstructure and reactivity. 

A reduction in coking requirement was 
accomplished through injection of reducing 
gases which lowered the coke ratio to 720 
pounds per net ton of steel and thereby 
created a 35 percent savings in coking coal 
requirements in pilot blast furnace opera- 
tions. Normal operation of the pilot plant 
without the use of supplemental reducing 
gases resulted in a coke ratio of 1,100 
pounds per net ton of steel. The new 
process involves injection of reducing gases 
manufactured by partial combustion of 
fuel oil, into the lower portion of the 
blast furnace shaft. 

Considerable research in the control of 
water pollution at coke plants was con- 


. ducted during the year. C F and I Steel 


Corporation experimented with two new 
water quality control devices to improve 
the treatment of wastes either during the 
manufacturing process or once the water 
has left the coke plant. One device success- 
fully uses "imported" bacteria, taken from 
the city sewage plants and supplemented 
with phosphate, which feed on the ef- 
fluents. The other device now in operation 
is a pilot plant that uses the cigarette 
filter principle. The water goes through 
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tall glass columns containing granules of Planning and provides basic information 
activated carbon which absorbs the ef- for optimization of blending and crushing 
fluents. The carbon is later heated to burn techniques that should lead to the produc- 
off all the absorbed organic matter. tion of uniform coke. 

Bureau of Mines research during 1969 The Bureau also continued its effort to 
was directed toward predictions of coke obtain a more uniform quality of coke by 
strength and carbonization product yields using different types of blending opera- 
from coal exploration data. Capability to tions. 
forecast coal quality is useful in mine 


Table 2.—Statistical summary of the coke industry in the United States in 1969 


Slot Beehive Total 
ovens ovens 
Coke produced: 
At merchant plante thousand short tons 5,919 (1) (4) 
At furnace plants iini do.... 58,129 (1) (1) 
Totali M TERN EINE do.... 64,047 710 64,757 
Breeze produced___________-_------_-.__---_------- do.... 4,401 20 4,421 
Coal carbonized: - 
Bituminous: 
Thousand short tons 91,748 1,158 92,901 
Value (thousands) 27er $955,022 $1,226 $962 , 248 
Average per ton $10.41 $6.24 $10.36 
Anthracite: 
Thousand short Gong... 543 jee Soe 548 
Value (thousands) ...............- 2. eee $6,243 . .......... $6,243 
Average per ton $11.92 .— Suzgossis $11.52 
Total:? 
Thousand short tons 92,285 1,158 98 , 443 
Value (thousands). 2 LLL L- 222-1. $961,265 $1,226 $968 , 491 
Average per toon $10.42 $6.24 $10.36 
Average yleld in percent of total coal carbonized: 
CONO. uu llanu ] ⁰ ] ͥ an E 69.40 61.31 69.30 
Breeze (at plants actually recovering)..................- 4.77 8.36 4.78 
Coke used by producing companies: 
In blast furnaces: 
Thousand short tons EE 57,289 — _ . . . . . . ce 57,289 
Value (thousands $1,112,745 . .......... $1,112,745 


In foundries: 
Thousand short tous 862 8 
Value (thousands)____ 2: 22 2 2 LLL lll 2-.- $11,910 — .......... $11,910 
For other industrial uses: 
Thousand short tons 482 4 
Value (thousands) -__________________________-__--- $11,276 . $11,276 
Breeze used by producing companies: 
In steam plants: 


Thousand short Gong... 4gag«”99ͥ9999d 439 
Value (thousandss))-· eee 38,8666 $3,365 
In agglomerating plants: i 
“Thousand short tous 1,6650 1. 650 
Value (thousands) $14,868  .........— $14,863 
For other industrial uses: 
Thousand short tons S 775 
Value (thousands) $5,224 1. $5,224 
Coke sold (commercial sales): 
To blast furnaces: 
Thousand short tons 8,409 557 8,966 
Value (thousand) $65,247 $9,084 $74,831 
Average per toon 319.14 316.31 $18.74 
To foundries: 
Thousand short tons 8,103 20 8,123 
Value (thousands) $109,509 $244 $109,753 
Average per toůo nn $35.29 $12.20 $35.14 
To other industrial plants: 
Thousand short tons 2,398 181 2,524 
Value (thousandss))))z-·: e 343, 680 $2,164 $45,844 
Average per toon $18.25 $16.52 $18.16 
For residential heating: 
Thousand short tons 48 (4) 48 
Value (thousands) $896 (4) $896 
Average per toůo nnn] $18.67 (4) $18.67 
Breeze sold (commercial sales): 
Thousand short tons 1,518 20 1,538 
Value (thousands). ))) eee $12,369 $140 $12,509 
Average per ton nnn $8.15 $17.00 $8.18 


See footnotes at end of table. 
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Table 2.—Statistical summary of the coke industry in the United States in 


1969—Continued 
Slot Beehive Total 
ovens ovens 
Coal-chemical materials produced: 

Crude tar: | 
Thousand gallons. ...............................- 768,766 | .......... 768,766 
Gallons per ton of eoal --.------------------------ 8.33 8.33 

Ammonia:5 ; 

Thousand short tons 7 732 
Pounds per ton of coal. -.-.------------------------ 16.68 . 2c 16.68 

Crude light oil: 

Thousand gallons... .......................-.....- 258,91 258,910 

ë Gallons per ton of eoal 2. LL LLL „ö Ev seue dota. s 2.87 

as: 
Million cubic feet... 962,048 — .......... 962,048 
Thousand cubic feet per ton of coal................- 10.48 | .........- 10.48 
Percent burned in coking process 36122 --- 36.12 
Percent surplus used or sold 61.81 C 61.87 
Percent waated . . . .- ll. l..- 2.01 ze 2.01 
Value of coal-chemical materials used or sold: 
Crude tar and derivatives: 
BT GE thousands $29,765 beers $29,765 
hir ENEMIES do.... $63,430 — .........- $63 , 430 
Ammonia produets 222 22 2222 - do.... $15,208 . .........- $15,208 
Crude light oil and derivatives .... ......- do.... $42,577 — c $42 ,577 
r ß ees Ses do.... $187,983 . ........-- $137,988 


! Not separately recorded. 

? Plants associated with iron-blast furnaces. 

3 Data may not add to totals shown because of independent rounding. 

4 Combined with coke sold To foundries” to avoid disclosing individual company data. 

5 In terms of sulfate equivalent. 

6 Includes ammonium sulfate, ammonia liquor (NH; content), and diammonium phosphate. 
? Includes intermediate light oil. 


Table 3.—Summary of oven-coke operations in the United States in 1969, by States 


Plants in Coal Yield Coke 
State existence carbonized of coke produced 
Dec. 31:1 (thousand from coal (thousand 
short tons) (percent) short tons) 


yköã0⁵—weũ a iac PE LE UE 7 8,018 70.54 5,656 
California, Colorado, Uta ggg 8 5,038 63.42 3,192 
Maryland, New Jersey, New Vork 5 11,057 69 .32 7,664 
III] ³˙Ü¹r ..... y 8 5 3,672 63.76 2,341 
Ii ot a y ⁰ ku xe 6 11,724 69.36 8,132 
Kentucky, Missouri, Tennessee, Texas s 5 3,087 69.86 2,157 
RI AT EE 3 4,846 19,92 9,582 
Minnesota and Wisconsin 3 1,435 75.73 1,086 
OO dA ĩ Mr 8 12 12,262 70.44 8,638 
Pennsylvania... .. l.2..2..2.-- 12 25,951 69.32 17,989 
West EE y A 88 8 5,201 69.41 8,609 
Total $t... els ³ð K sss 64 92,285 69.40 64,047 
At merchant plants___.._......-_..--------------- 16 8,315 11.19 5, 
At furnace plants 48 83,971 69.22 58,127 
Total 19s ⅛ͤ6ͤg é suro solmaUp 64 90,029 69.84 62,878 


! Excludes plants retired permanently during year. 
2 Data may not add to totals shown because of independent rounding. 


Table 4.—Summary of beehive-coke operations in the United States in 1969, by States 


Plants in Coal Yield Coke 
State existence carbonized of coke produced 
Dec. 31 (thousand from coal (thousand 
short tons) (percent) ` short tons) 
Pennsylvania. _ LLL LL eee 4 530 60.94 823 
—ö; ß RE aa 3 628 61.62 887 
Total: 
Clo EE 7 1,158 61.31 710 


Eeer 7 1,268 61.12 775 
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Table 5.—Production of oven and bechive coke in the United States, by months 


(Thousand short tons) 
1968 1969 

Month Daily  - Daily 

Total ! aver- Total i aver- 

age? age? 

OVEN COKE 
PONUATY EEN 5,602 181 5,177 167 
Ae TT EEN 5,852 185 4,873 174 
E eee aia So eee ee a 8 5,686 188 5,297 171 
7,0) «| EE EE 5,529 184 5,312 177 
(5 NM NOM SRM TCU EE EEN 5,692 184 5,514 178 
ADD HM ðͤ SUETON ERROREM 5,468 182 5,847 178 
LIESEN 5,453 176 5,886 174 
%%0%%“u . ..... 5, 046 168 5,412 175 
Sh leo EE , 633 154 5,274 176 
Geh ³ Ae „613 149 5, 552 179 
Nr ³oꝛ de d SOS SS 4,669 156 5,888 178 
December. |. ß . e 5,137 168 5,570 180 
e pd a a ER 62,878 172 64,047 175 
BEEHIVE COKE 
611111 ³¹iꝛA Nm ee ,. A M ar A Rd 74 2 43 1 
r t . es cee ol s 69 2 42 2 
E EE EE 79 8 52 2 
6)!!! EE 81 8 60 2 
BV ptc ĩ³ͤ ꝗͤAſͥͥnd ĩ⅛]— hne kd t y es ge a 82 3 53 2 
2 EE Add ⁰ AAA PEA EES 72 2 53 2 
Jôö%Ä%rẽ f TOV TCU EN 64 2 47 2 
Ue Mees ek et c ĩ ù ĩ¼ ⁵ ⁰ ei ee ae 60 2 TO 2 
September... cc eo e ß ß eet a 51 2 16 8 
%%» ã VdT 8 46 1 69 2 
November...... )) ]ỹ]ũnt•“ . Nemini 46 2 63 2 
h ⁰.⁴¼⁵ ⁰AAAaAAſͥ Edi 49 2 81 3 
J%ö;ök;öĩös ³ ⁰ ⁵ ͤ-ͤn puas: fr 775 2 710 2 
TOTAL 

ET . ĩ˙¹¹-A ⁰ ˙mꝛ as ] a P EU eke Le UD 5, 676 183 5, 220 168 
Fobrusry ³oðü q ³ ³ cake emcee ĩ m. Ou usya 5,421 185 4,915 176 
NEE 5,765 186 5,849 173 
he WEE ey a ee ee OSs ,610 187 5,872 179 
BY ecc ce y ð sd ĩͤâ RP 5,774 186 5,567 180 
DUNG EEN 5,540 185 : 180 
July Uv n er cbe ml ce M Lc E Ee 5,517 178 5,433 175 
KT EE 5,106 165 5,482 177 
e EES 4,685 156 5,850 178 
% ⁵ x asuy z lec es os ee 8 4,660 153 5,621 181 
November- h . os AU m cu MEER ce. 4,' 115 157 5,996 180 
, ß ß A G S 5, 186 167 5,651 182 
%% ⁰ w kd licor E ee e E 63,658 174 64,757 177 


1 Data may not add to totals shown because of independent E 


? Daily average calculated by dividing monthly production by number of days in month. 


416 MINERALS YEARBOOK, 1969 


Table 6.—Production of oven coke in the United States, by type of plant 


(Thousand short tons) 
1968 1969 
Month Mer- Furnace Mer- Furnace 
chant plants chant plants 
plants plants 
PRODUCTION 
h tee bee noma du RSS ⁰⁰yʒd 524 5,077 496 4,681 
ebe ß ed 510 4,842 461 4,412 
Mrſſſ]0ſſ¹ſ˙ꝙd/)nhlhllh·!ĩ!!„!·!· I T EA 527 5,159 504 4,798 
JI11!öõĩĩ5b ð ñ⁰ &i... Dese . oss 508 5,021 507 4, 806 
7!ööÜà—'ü d ⁸0⁶ꝗÁè T.. ETC REPE 515 5,177 514 5, 000 
% ũ ́ :::: ] s Lo. yd y Sms eM E EE 516 4,952 495 4,852 
J ³¹ ³⁰ Aq ³ AꝓꝓA 8 504 4,948 482 4,906 
J E 454 4,591 493 4,918 
S uu es Dua y 417 4,216 470 4,803 
C etobepuu . x ß Rud EE 443 4,171 506 5,046 
November EE 462 4,206 485 4,848 
December-i.-222:-.-:222220L2-d499 429mm 499 4,638 507 5,065 
Total EE 5,879 56,999 5,919 58,129 
DAILY AVERAGE 

/ ³˙¹—iwꝛ¹à hdd oae ĩ ß k LL D EE E 17 164 16 151 
h ⁰õydddddddddſͥͤͤͤ ³ĩ A 8 18 167 16 158 
Ei ²· dy mmm; sasa i a Su 17 166 16 155 
i e ñ⁊ñę e Se uum t sas 17 167 17 160 
May — c 2 ...... ß DU CRF s 17 167 17 161 
DUNG tee 17 165 16 161 
J·]))½)½)½)..!..!.kkk.k.˖. TDS SSS imawas ES. 16 160 16 158 
A GE 15 148 16 159 
h ͥ⁰ d. 14 141 16 160 
PPP ³· / Ad y iu eee eee 14 136 16 163 
November... con wea sem Eva Kent DE EH eg ee 15 140 16 156 
D te oe eet 16 150 16 163 
Average ere x ues PUE 16 156 16 159 


1 Data may not add to totals shown because of independent rounding. 


Table 7.—Production of oven coke and number of plants in the United States, 
by type of plant 


Number of Coke produced Percent of 
active plants ! (thousand production 
Year short tons) 


Merchant Furnace Merchant Furnace Merchant Furnace 
plants plants plants plants plants plants 


J. ee 17 48 6, 678 58, 524 10.2 89.8 
% ³WAO ðͤ K ĩ ee 16 50 6,377 59,583 9. 90.3 
13. eset E 16 50 6,220 57,555 9.8 90.2 
888. ³ð / 16 48 5, 879 56,999 9.4 90.6 
ö ꝛ ⅛5-ͤyy -m y ua ua u uns 16 49 5,919 58,129 9.2 90.8 


1 Includes plants operating any part of year. 
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Table 8.—Production of coke in the United States, by States 


(Thousand short tons) 
State 1968 1969 
Oven coke: 

PP wh CREE TERME or A 5,462 5, 656 
California, Colorado, Utab ]ʃnʒrP-wWPV- . .. . cll ll Ll lll l.l ll. 8,174 8,192 
Maryland, New Jersey, New Vork 7,599 7, 664 
Ih a ß a S asun 2,074 2,841 
LTE 8,144 8,182 
Kentucky, Missouri, Tennessee, Texas 2,000 2,157 
Michigan ER 8,684 8,582 
Minnesota and Wisconsin... eee 844 1,086 
160ĩù³ò² ̃ũ ↄ f ee es ela eae ee 8,428 8,688 
Penney Vania. 2.26 cs ͥ p secu ———— PP 18,110 17,989 
West Virginia____ ³ð2W³ ³.A n ⁰⁰ydyyd w oe eee do c E 8,860 8,609 

Totul!l.- oo ⅛˙ j LL ML EE PLE ee 62,878 64,047 
Beehive coke: 
Pune ill! ³ðͤ 355 323 
e ß . ß e E 419 387 
rr ³oÜVO ä5äꝛ˙r d e T 775 710 
Grand totali... . . su ss 63,653 64,757 


1 Data may not add to totals shown because of independent rounding. 
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Table 9.—Breeze recovered at coke plants in the United States in 1969, by States 
(Thousand short tons and thousand dollars) 


Produced Used by producers 
Yield per ————— ——————əç — O. Oo m bP k ĩ 
State ton of In steam plants In agglomerating 
coal ! plants 


(percent) Quantity ——  — Dr-n—< 
Quantity Value Quantity Value 


OVEN COKE 
Alabama. 444 ͤͤ„ͤ„„ 6.19 496 (2) (2) 174 $2,625 
California, Colorado, Uta. 5.65 284. 25453). soca 198 1, 
Connecticut, Maryland, New Jersey, 

New York . aaan 5.30 586 237 $1,969 (?) (2) 
e uu a A 5.41 199 (2) (2) (2) (2) 
eie E E S E 5.65 663838. O  ------ 897 2,601 
Kentucky, Missouri, Tennessee, Texas 6.68 206 (2) (2) (2) 2 
Meli; xcd 5.06 240. bos Dee (2) (2) 
Minnesota and Wisconsin.. ---------- 7.07 102 (2) (2) (2) (2) 
J%/Fͤõͤĩ⁰Ü y 8 4.39 539 6 (2) 35 227 
Pennsylvania 3.16 820 (2 (2) 528 5,611 
West Vireinig ---------------------- 5.02 261 (2) (2) (2) (2) 
Undine. Zieser  ------ 202 1,396 818 2,204 

Total 1969 4.. ...........- 4.77 4,401 439 3,365 1,650 14,869 
At merchant olants 7.50 623 116 1.991. c 25523 
At furnace plants 4.50 3,778 323 1,974 1,650 14,863 
Total 1988s 8 4.53 4,074 508 3,021 1,634 11, 545 
BEEHIVE CORE 
Pennsylvania and Virginia, 1969 8.36 20- 2365s .wiecee o ceeds 
Total 1968 ...--------------- 6.87 )) eaaa O a aA 
Used by producers Sold 
For other On hand 
industrial use Dec. 31 
Quantity Value Quantity Value 
OVEN COKE 
Alabama. -` ----------------0-------- 80 $373 270 $3,153 82 
California, Colorado, Uta 18 120 71 583 21 
Connecticut, Maryland, New Jersey, 

New York... 9998 (2) (2) 93 594 410 
Inos 16 87 (2) (2) 46 
Indiana... . a sss 120 877 142 870 82 
Kentucky, Missouri, Tennessee, Texas. () (2) 135 1,250 20 
Mei 8 30 197 101 686 149 
Minnesota and Wisconsin 59 293 14 136 85 
7 ³ K 8 92 535 400 2, 688 57 
Pennsylvania 71 689 176 1, 575 152 
West Virginia. 33 225 (2) (2) 25 
Undistributed .... 2.2.2.2 ------- 807 1,828 116 8883  __ . . 

Total 1969 wi 775 5,224 1,518 12,369 1,080 
At merchant plants 93 541 346 3,152 274 
At furnace plants 683 4,683 1,171 9,217 806 
Total 1968s 589 4,430 1,388 10,844 1,012 
. BEEHIVE COKE 
Pennsylvania and Virginia, 19699999.᷑ 20 140 (5) 
Total 1908... ee tee weber 8 26 eee tee (5) 


1 Caleulated by dividing production by coal carbonized at plants actually recovering breeze. 
2 Included with ‘“‘Undistributed”’ to avoid disclosing individual company data 

? Includes some breeze resulting from the screening of coke at blast furnaces. 

* Data may not add to totals shown because of independent rounding. 

5 Less than Le unit. 
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Table 10.—Oven- and beehive-coke breeze used and sold in the United States, by uses 
(Thousand short tons) 


Used by producers 


— c Average 

Year In  Inagglom- For other Sold value 
steam erating industrial per ton 

plants plants use 

DOGO c PER ee ie 642 1,744 427 1,312 7.56 

. te ee oe ³AA ³² m kau to ie 644 1,878 505 1,172 7.27 

NOG a s nri Cep eo A y 594 1,695 517 1,250 8.46 

JJJJ˙•Üö§ö»êẽʃ x ß MOS 508 1,634 589 1,364 7.34 

7%%%%%%· ⅛è dy y y y a EE 439 1. 650 775 1,538 8.13 

Table 11.—Apparent consumption of coke in the United States 
(Thousand short tons) 
Consumption 
Net Apparent 
Total Im- Ex- change con- In iron All other 
Year produc- ports ports in sump- furances ? purposes 
tion Stocks tion?! ——————————— —————————— 

| Quan- Per- Quan- Per- 

tity cent tity cent 
1965 seen, 66,854 90 834 +731 65,379 59,072 90.4 6,307 9.6 
1966........... 67,402 96 1,102 +376 66,019 59,637 90.3 6,383 9.7 
1961.55 cunc 64,580 92 710 72,390 61,572 56,205 91.3 5,867 8.7 
Lon ꝑ 68 , 658 94 792 +517 62,488 56,238 90.1 6,200 9.9 
1968999. 64,757 173 1,629 —2,865 60,436 60,176 90.9 5,990 9.1 


1 Production plus imports minus exports, plus or minus net change in stocks. 
* American Iron and Steel Institute; figures include coke consumed in manufacturing ferroalloys. 


Table 12.—Coke and coking coal consumed per short ton of pig iron 
and ferroalloys produced in the United States 


Coke per Coking coal 
Short tons of Yield of per short tons 
Year pig iron and coke from of pig iron and 
ferroalloys ! coal erroalloys 
(pounds) (percent) ‘pounds 
calculated) 
J)) EEN ,929 1 1,896.6 
19060 EE 1,300.6 69.9 1,860.7 
KL LEE 1,287.8 69.6 1,850.2 
EEN 1,263.4 69.8 1,810.0 
1969.2 EEN „260 „816.1 


1 American Iron and Steel Institute; consumption of pig iron only, excluding furnaces making ferroalloys, 
was 1,812 pounds in 1965, 1,282 in 1966, 1,262 in 1967, 1,248 in 1968, and 1,252 in 1969. 
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Table 13.—Oven coke produced in the United States, used by producers, 
and sold in 1969, by States 


(Thousand short tons and thousand dollars) 


Used by producing companies Commercial sales 
Produced In blast For other To blast-furnace 
State | furnaces purposes ! plants 


Quantity Quantity Value Quantity Value Quantity Value 


Alabama- `- -..---------------- 5,656 4,882 $98,444 151 $4,874 610 $11,660 
California, Colorado, Utah........ $8,192 8,028 70,005 14 JOD. eee: minc 
Maryland, New Jersey, New York.. 7,664 7,047 135, 705 21 410 588 12,084 
Ilinois ee K DT S sz 2,841 2,255 50,558 (2) 6 (2) (2) 
Indiana- .— ceo 8,132 7,870 122,200 (2) (2 70 1,280 
Kentucky, Missouri, Tennessee, 

KEE 2,157 $ (2) (2) (2) ta? (2) 
Michigan 3, 582 2 2 142 3,104 (2 (2) 
Minnesota and Wisconsin.. 1,086 (2 2 (2) (2) (2) (2) 
BI ee 8 8,638 7,852 136,270 69 1,439 471 11,086 
Lensy vanis Ee 17,999 17,420 355,022 66 1,371 469 9,069 
West HIRCUS Su pu ua apk 8,609 8,357 63,849 (2) „CVVT a 
Undis tribute 4,083 85,694 382 11,681 1,201 20,068 

Total 1969 3 64,047 57,289 1. 112, 745 845 23, 188 3,409 65,247 
At merchant plants 5,919 6 169 5,141 2,9302 41,054 
At furnace plants 68,127 57,289 1,112,739 676 18,042 1,108 24,198 
Total 1968898 62,878 53,312 944, 527 974 19, 060 3,845 54,887 
Commercial sales Continued 
To foundries To other For residential Total 
industrial plants heating 
Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity 
Alabama 602 $19,920 548 $10,437 10 $131 1,769 $42,148 
California, Colorado, Utah... ..... (2) ë 210 4,073 (2) (1) 211 4,085 
Maryland, New Jersey, New York.. (3) (3 92 2,005 (2) 6 1.020 25, 836 
! eer Lione (2) » (3) 2 48 958 
Indiana (2) (2) (2) (2 (2) (2 606 18,559 
Kentucky, Missouri, Tennessee, 

SJ ð§“y 8 (2) 6 (1) (2) (2) (2) 1,489 30,193 
Michigan F (2) (2 413 7,353 (2) (2) 22,461 
Minnesota and Wisconsin (2) (2) (2) (2) 8 (2) 579 18,206 
Ohio ces ↄ EE (2) (3) 251 2,459 (2 (2) 1,044 24, 675 
Pennsylvania (2) (2) 547 10,778 6 (2) 1,868 32,217 
West Virginia... (4 (4) 2 (2) (4) (4) 
Undistributed. 2,501 89,589 82 6,574 88 TOB. ul t. eels 

Total 1969 3 3, 103 109,509 2,393 43, 680 48 896 8,953 219,332 
At merchant plants 2,718 95,678 817 16,842 47 885 5,883 153,954 
At furnace plants 885 13,836 1,576 27,388 1 11 3,070 65,878 
Total 1968 2,984 95,127 1,888 30,071 118 2,041 8,275 182,076 


ë 5 862,000 tons valued at $11,908,000 used in foundries; 482,000 tons valued at $11,276,000 for 
other purposes 

2 Included with · Undistributed' to avoid gei ue individual company data. 

3 Data may not add to totals shown because of independent rounding. 

4 Included with Michigan to avoid disclosing company data. 
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Table 14.—Production and sales of beehive coke in the United States, in 1969, by States 
(Thousand short tons and thousand dollars) 


Commercial sales 
Produced 


State To blast-furnace plants To foundries 
Quantity Quantity Value Quantity Value 
Pennsylvania 323 282 $4,824 20 $244 
f ME ——M—— PHÓ RA 887 274 4,260 — ......  ------ 
Total: | 
19691... 5. ocu VE c euren 710 557 9,084 20 244 
/// 775 570 8,686 81 $212 
Commercial sales—Continued 
To other For residential Total 
industrial plants heating 
Quantity Value Quantity ` Value Quantity Value 
Pennsylvania.. 19 $209 - ete ee 322 $5,887 
Vill EMEN 112 18995: Lacosa — e 887 6,155 
Total: | 
19691... EE 131 2:104. i acuse 709 11,492 
// ⁵ĩðͤ K 174 r 2,848 (2) (2) 775 111.697 


1 Data may not add to totals shown because of independent rounding. 
2 Combined with coke sold “To blast-furnace plants" to avoid disclosing individual company data. 
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Table 15.—Distribution of oven and beehive coke and breeze in 1969 1 
(Thousand short tons) 


Consuming State 


Arkansas 


New Hampshire 
New Jersey__________..-_-___-_---. 
New Mexico... . aaaaMMMMiMiMMMņiħħŘ 


Oregon yp]. Z S aa oe Su E 
Pennsylvania. -2.2 ------------ 
Rhode Island. ....................- 


„ oonan anean 
Washington 
West Virginia 
Wisconsin 
Worin ests 


To blast- 
furnace 
plants 


~ wm e wm en ep ep e 


To 
foundries 


3,486 


Coke 
To other 


industrial residential 


plants 


35 
2 


2 
59 
20 


2, 542 
464 


3,006 


For 
heating 


wm erg om a» — @ @ 
wm «P — em oc @ 
-—- -- A 4» gn em e m 


49 


4,402 


1 Based upon reports from producers showing destination and principal end use of coke used and sold. 
Does not include imported coke which totaled 173,000 tons in 1969. 


2 Less than 14 unit. 


3 Data may not add to totals shown because of independent rounding. 
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Table 16.—Producers’ stocks of coke and breeze in the United States 
on Dec. 31, 1969, by States 


(Thousand short tons) 


Coke 
Residen- 
State Blast tial Breeze 
furnace Foundry heating Total 
and 
other 
OVEN COKE 
õö˙’t6oùtr,. ⁵ð te i Se ee eee 605 2 2 609 82 
California, Colorado, Utah ggg 1746. LR EE 174 21 
Maryland, New Jersey, New York ` -------- 148 22 1 170 410 
I1ĩ˙ lf ⅛ĩ,ͤooie EE 88 3 30 46 
ĩõĩ5[kêh ·́ ::: m ese 231 8 1 240 82 
Kentucky, Missouri, Tennessee, Texas. 7 6 4 20 20 
LAT ⅛˙˖˙%! fm EE 12 6 6 25 149 
Minnesota and Wisconsin. .................-....... 78 8 4 89 85 
NI GEES 205 10 4 219 57 
. JV 8 1,460 20 13 1,492 152 
West Virginia- ͥ ³o”?.ͥ⁰i ² AA... o. ^ BS wubwsuwd 4425.06 53 25 
Total 19691... ul eee ee eee 8,000 83 87 8,120 1,080 
At merchant plants 2 69 29 99 274 
At furnace plants cll LLL LLL „ 2,998 14 8 8,020 806 
Total 196812... ³ðVẽA 5,617 190 178 5,985 1,012 
BEEHIVE COKE 

Pennsylvania... ß v 1 1 | erm 

I%/õõôĩê56 ⁵ ]ñ ⅛¹ü ¼ EEN „ß Adecco 1 (2) 

Total: 

13k; ĩ⅛ð Se eh esses | c 1 9. Cavese 
J968 clio ee wc u oe es Boe Deke 1 » pe 


! Data may not add to totals shown because of independent rounding. 
? Less than 1⁄4 unit. 


Table 17.—Producers’ month-end stocks of oven coke in the United States 
(Thousand short tons) 


At merchant At furnace Total 
Month plants plants 
1968 1969 1968 1969 1968 1969 
ans 495 323 4,879 5,542 5,375 5,865 
P ⁰³·¹ AA MR E 460 283 4, 766 5, 278 5, 226 5, 562 
CPJJJ1J19JJ1J1JfJ)JJ)JJ!!• A u ads 437 223 4,579 4,792 5,016 5,015 
BOP BEER 501 197 4,240 4,310 4,740 4,507 
BU LI te te SS Sua rs rece ACE 373 198 4,152 8,969 4,525 4,162 
R DT ERN EE 344 167 8,992 8,729 4,836 8,896 
July; eege k caa edd cee 359 198 8,953 8,594 4,812 8,787 
CCC1Ü˙¹a ð ³ ²³õ .. OE 410 186 4,329 8,629 4,789 8,816 
September__________... . .. EE Ee 424 146 4,969 i : 8,699 
G eege Ee 395 121 5, 864 3, 809 5, 759 3,430 
INOVOM hh;§ ²⁵˙ ³⁰A m . Eu Ei. 388 119 5, 590 3,202 5, 929 3, 320 
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Table 18.—Average receipts per short ton of coke sold (commercial sales) 
in the United States, by uses 


OVEN COKE 
Year To blast- To foundries To other For residential Total 
furnace plants industrial plants heating 
/., ee $16.46 $30,94 $16.41 $17.12 $21.68 
16 %/cců ͥ Z l EE 16.38 75 16. 90 17.39 12.22 
KT ENEE 16.29 32.40 17.16 17.35 22.67 
1968; oor euch 22 16.40 82.43 15.97 17.96 22.00 
Bi cone EE 8 19.14 35.29 18.25 18.67 24.50 
BEEHIVE COKE 

.. ¹ $14.45 $15.40 $16.12 $16.12 $14.96 
% ĩͤ K ee 13. 58 15.30 16.77 16.77 14.60 
e E EE E 14.97 12.84 15.41 15.41 15.08 
198 ĩ¼-d mx 15.14 6.84 14. 80 18. 60 15. 00 
1969 ͥ · l. LS ¿2 Ls 16.31 6.84 15.98 16.52 16.23 


Table 19.—Coke exported from the United States, by country and by customs district 


1967 1968 1969 
Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) san sands) 
COUNTRY 
f boue dum. ⁵ e guis du cce UA 12,233 $535 
Australia... eet 152 $3 175 J///ͤ;— 
Belgium- Luxembourg 17 CO ` ee hpc 6,212 132 
Bolivia. . .  . . ee cee 84 2 22 Err. 8 
Brâzil ] ⁰ygm 7,144 248 8,205 267 29,285 1,027 
Canada — 489,853 10,562 247,515 6,840 292,223 8,189 
i uc (1 1) ; 
Colombia ...............-.-- 266 4 466 7 eem added sou 
Dominican Republic.......... 41 2 849 9 195 5 
Germany, West 12 1 468 10 14,882 631 
rte eee 1,697 47 655 19 
Japan do won AUN 21,312 392 89,010 451 55,640 648 
Mexico- EEN 162,022 4,142 846,547 8,776 629,816 15,258 
Netherlands 627 J)) K ¿Cuy cc 234,460 4,929 
CPU BEE 49 d oid cil 8 64,394 1,595 
Philippines 148 2 1, 038 JJJ;²·ð 8 
FUr ⁰˙ ß ĩ² AA Euer I 129, 035 3,192 
Spain eco 0 y ee 119 %%%³Üĩ ͤ 13, 552 164 
nited Kingdom 40 1 188 4 447 10 
Venezuela˖aa 77, 807 1. 103 145,919 2, 128 141,920 2,098 
i ee 590 10 310 28 1,022 46 
Totaal 710, 380 16,492 791, 909 18,613 1,629, 488 38, 510 
CUSTOMS DISTRICT 
Baltimore. ................-- 554 13 1,185 85 278,311 6,334 
Buffalo ------------- 238,578 5,751 125,296 8,316 106,831 2,873 
Detroit___ s swzc 144,771 3,282 85,231 2, 872 152,431 4,816 
Duluth... sueco o Sc 8,190 108 4,000 132 4,690 166 
El Paso... . .. . --------- 223 4 9,060 233 29,861 762 
Great Falls 860 |o dC S 
ouston... ....--..-.22-2---- 8,746 136 2,5 1 1,276 
Laredo... ⅛ -K ⁊ðͤ v 161, 102 4,120 836,964 8, 523 598, 579 14,438 
Los Angeles 21,151 890 39,164 450 55,565 646 
Mobile. ` ------------- 41,048 672 145,036 2,102 230,044 4,455 
New Orleans................- 784 16 150 9 13,869 19 
New York City.............. 2,931 81 5,233 174 66 21 
Nogales. ............-.--..... 117 5 239 11 845 2b 
Norfolk ioo e 148 CCC 9,729 169 
Ogdens burg 16,413 316 5,358 124 11,915 337 
Pembin ae. 26,191 787 15,730 492 15,815 550 
Philadelphia 80,483 427 4,550 137 90,117 2,374 
Port Arthur 1,653 DS Lo. yas ure EE 
Portland, . ⁰»5iw¹ww E, -G . = dy deeg 16,359 876 
St. Albans. ..............-.-- 2,220 OS. umasa y Ad ͤ d ul. 
San Diego 458 10 248 8 1,072 29 
Seattle.. EE 8,130 262 11,520 390 11,741 408 
G; ee ode 29 380 14 271 15 
Total ee 710,380 16,492 791,909 18,613 1,629,488 88,510 


! 89 short tons ($11,063) reported by the Bureau of the Census, has been deleted. 
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Table 20.—Coke imported for consumption in the United States, by country and 


customs district 


1967 1968 1969 
Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands sands) sands) 
COUNTRY 

e,, e puls Za 87,549 $1,295 90,580 $1,630 169,341 $2,989 
(we RT EEN 80 9 5 6 858 102 
Germany, West... 8,650 826 2,668 186 2,758 248 

C ³W¹ Ee uit ß ĩðͤ ß gua us 13 () 
MG@XIC0 2.0.0.8 o2 omuu no Ete eiae 84 !! Ee EE We 
Netherlands... 688 72 785 82 82 15 
gh d WEE 92,001 1,704 94,085 1,904 173,052 3,354 

CUSTOMS DISTRICT 

Bufialo.-2:2- ee 8,115 88 2,862 20 2,708 88 
Lë EE 19,085 124 
Detroit... Tas cee 80 1 4,088 44 43,47 882 
Galveston. n 152 ID Ll o. ĩÄ T EE 
Great Falls........ elc ee Ee 64,795 1,138 78,285 1,462 92,795 1,776 
Hong... e cee 830 10 21 84 15 
Houstoů nn 16 PP.%/. ..... KU . ³⅛ d 88 
Miami p, ` . f S rasa sue 74 9 
Mobile ss Seege, e . Y E E MN ue w Su 777 93 
New Orleans 8,388 361 8,078 249 2,428 246 
Nh ³o*W¹w-äↄæſ eet, k | endete 492 ` ME 
Lgdengsburg. --------------------- 10,000 »öͤ— ꝛoÜ Ä 5,440 43 
Portland, Maine 85 1 17 (1) 55 1 
St; bein. ð v uu 44 1 35 1 34 1 
San Juan. ggg 482 18 529 21 105 4 
Seattle u c Ls ee 4,614 78 4,986 88 5,786 122 
Total e 92,001 1,704 94,085 1,904 173,052 3,354 


1 Less than Le unit. 
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Table 21.—World production of coke, by country and type (excluding breeze) 1 
(Thousand short tons) 


Kind of coke and country: 


METALLURGICAL COKE $ 
Nor America: 


South America: 
/// u ——Á— oseress 


Il ee 


Ff ⁰ m ͤ A A E G 
Germany, Kast eee 


United Kingdom ND oO usus saus 

Fah ³ðV³/ßy ͤ y ⁊ 
Africa: 

Rhodesia, Soutbhern l.c. eee 

South Africa, Republic of ooh 

United Arab Republic..............................- 
Asia: 

China, mainland Er akapa Sm aaa a a LC E 

RER ee 


Taiwan. tr qM SER EORR 

Turkey 4 He ———————— ĩ 
Oceania: 

Australia EE 

New Zealand lll... 22-2 2-222 M 


Subtotal—Metallurgical co ka 


GASHOUSE COKE ? 
South America: 


United Kingdom. .................................- 
hé itr MITT 


See footnotes at end of table. 


1967 


r 334,970 


226 
r 80 


1968 


1969 » 
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Table 21.—World production of coke, by country and type (excluding breeze) —Continued 1 
(Thousand short tons) 


Kind of coke and country 2 1967 1968 1969 p 
GASHOUSE COKE—Continued 
Africa: 
"m South Africa, Republic of 2... -..-- 198 198 198 
ja: 
Hong Kong ; ð ß ⁰⁰ cub eds IU. — X uexzs6. ̃ cxx 
Indiá.. Sd ⁵ðÜV . ee so EEN r 74 e 55 e 61 
Japan. ea te ð A E Ee 4,591 4,927 5,521 
KIT aa ica ĩͤ K · te oe ae AR r 62 
Oceania: 
KT ue AN SE 827 728 772 
New Zealand 1 62 66 NA 
Subtotal—Gashouse cok 20,428 17,9765 16,755 


. ALL OTHER TYPES 11 
North America: 


2 United Staten... 163 174 NA 
urope: 
zechoslovak ia. 1,997 1,993 2,089 
FF! NECNON 219 241 NA 
Germany, East iuũ u—wmTT7—— 2c ccc 4 7,670 7,489 e 7,496 
Germany, d ] v A 44 — C —— ------ 
Nu o ˙ ↄ ꝛ¼]ꝙ q⁵ . A E 276 276 276 
ia: 
i e ee LL DM uS r 8,086 8,290 e 8,307 
Subtotal— All other types r 13, 845 13,463 18,118 
Grand total—All types ?. 222-22 c cc c... c. r 869,243 978,264 368 , 620 


e Estimate. P Preliminary. r Revised. NA Not available. 

1 Beehive coke, where produced, is included with oven coke. 

? Production data for gashouse coke for Algeria, Ceylon, Malaysia, mainland China, Mexico, Rumania, 
United Arab Repu: U.S.S.R., and possibly other countries are not available. Low-temperature coke is pro- 
duced in Japan but data are not available. 

3 c EE coke produced at high temperature in conventional carbonizing equipment (slot and beehive coke 
ovens). 

* Includes breeze and small amount of gas coke. 

5 Includes breeze. 

6 Includes a small amount of low-temperature coke. 

7 Includes all types. 

s Year ended March 20 following that stated. 

? Includes coke produced at high temperatures in carbonizing equipment designed primarily for gas manu- 
facture. (Horizontal and vertical coal-gas retorts). 

19 Year ended March 31 of the year following that stated. 

11 Includes coke produced at low and medium temperatures; also coke produced in unconventional equip- 
ment (chain te cokers). 

1? Includes high-temperature coke. 

13 Totals are of listed figures only; oven coke includes small quantities of other coke. 
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Table 22.—Quantity and value at ovens of coal carbonized in the United States 
in 1969, by States 


Coal carbonized Coal per ton 
of coke 
State Value 
Thousand ———————————— Short 
short’ tons Total tons Value 
(thou- Average 
sands) 
OVEN COKE 
§öÜéOL’:» ⁵« 22 oe skeet ci cs 8,018 $81,910 $10.22 1.42 315.48 
California, Colorado, Utah........................- 5,033 55,283 10.98 1 17.82 
Maryland, New Jersey, New York................-- 11,057 138, 469 12. 52 1.44 18.11 
Tinos . . emcees 8,672 85,775 9.74 1.57 15.28 
IA 11,724 130,315 11.11 1.44 16.02 
Kentucky, Missouri, Tennessee, and Texas 8,087 25, 557 8.28 1.49 11.85 
Hei ⁵⁵⁵ aE 4,846 55,166 11.38 1.35 15.40 
Minnesota and Wisconsin 1,485 19,603 13. 66 1.32 18. 05 
ee . a peu LEES. 12,262 123 , 421 10.07 1.42 14.29 
Pennsylvania 25,951 251,204 9.68 1.44 183.96 
West Virginia. 2. nnen EE 5,201 44,562 8.57 1.44 12.35 
Total 1969]... soso ee esie. 92,285 961,265 10.42 1.44 15.01 
At merchant plants 8,315 80,838 9.72 1.40 13.66 
At furnace plants „ 83,971 880, 427 10.48 1.44 15.15 
ers J u. a eee 90,029 901,296 10.01 1 14.33 
BEEHIVE COKE 

Pennsylvania. 530 8,673 6.93 1.64 11.37 
i ͥ 7ͥỹ ³⁰oðwüſſ ⁰ꝗã k ⁰⁰⁰ Sumay as 628 3, 552 5. 66 1.62 9.18 

Total: 
LEE 1,158 7,226 6.24 1.63 10.18 
1968 ³ð K 8 1, 268 7,288 5.71 1. 64 9.34 


1 Data may not add to totals shown because of independent rounding. 


Table 28.—Bituminous coal carbonized in coke ovens in the United States, by months 
(Thousand short tons) 


1968 1969 
Month — ——ͤ—k ę—— — — 6 — >Ñ , >Ə—.K 
Slot Beehive Total Slot Beehive Total 
CT a EE 7,975 120 8,095 7,879 78 7,452 
February.__. .. 8 7,634 113 7,141 6,937 70 7,007 
! ³˙¹w¾iä²⁰ o accitus 8,082 131 8,213 7,579 7,665 
ADT ocho eee See eu s Lane 7,870 184 8,004 7,581 97 17,679 
OV lesu d ceca d costed 8,122 135 8,257 7,866 8 7,9 

JUD re se w ERU ed le 7,840 117 7,957 7,656 87 7,748 
1J/·Ü1L%:o ß s: SSS LE 7,88 108 7,938 1,155 78 7,833 
A ³˙’—wà ³˙· -A SSD SY UM 7,198 97 7,295 7,729 111 7,840 
September 6, 561 85 6, 646 7,594 120 7,714 
GM 88 6, 524 76 6, 600 7,981 111 8,092 
November 6, 78 6,710 7, 664 105 7,769 
December 7,224 79 7,908 8,022 132 8,154 

Total ³˙Ü’1w.ĩ. ĩͤ 89,497 1,268 90,765 91,743 1,158 192,901 


! Data may not add to totals shown because of independent rounding. 
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Table 24.—Anthracite carbonized at oven- 


coke plants in the United States, Table 25.—Average value per short ton 
by months of coal carbonized at oven-coke plants 
Month 1968 1969 State 1968 1969 
Alabama 310.04 310.22 
February. 48 16 California, Colorado, Uteh-- 12.47 10.98 
March. lc ͤ usu ove Sr 45 46 Maryland, New Jersey, New York.. 12.05 12.52 
ADHI. oc ceu aues Lue 43 43 Anis... pass 9.73 9.74 
FFC 46 44 Indiana tansennninH n 10.68 11.11 
June 42 41 Kentucky, Missouri, Tennessee, 

July... co a 40 40 „ sus Sasu, ere 8.13 8.28 
August 44 40 Michigan ———— 10.65 11.88 
September... 41 49 Minnesota and Wisconsin 11.15 18.66 
Oetober -2-2-22 45 48 r; 9.37 10.07 
November. ...................- 45 44 Penne ane F 9.12 9.68 
December 51 58 West Virginia. 8.00 8.57 
Average... 10.01 10.42 
E Ge T Value of coal per ton of co ke 14.33 15.01 


1 Data may not add to total shown because of in- 
dependent rounding. 


Table 26.—Average volatile content of bituminous coal carbonized by oven-coke 
plants in the United States 
(Thousand short tons) 


High Medium Low Total 
Year Volatile Volatile Volatile Volatile 
Quantity content Quantity content Quantity content Quantity content 
(percent) (percent) (percent) . (percent) 
1965...........- 61,725 85.2 11,791 25.9 18,570 17.8 92,086 80.5 
19666 63,061 84.6 10,395 26.2 20,067 17.8 98,528 80.1 
1961... uu coe 59,787 85.1 12,470 26.4 18,644 18.2 90,900 30.4 
1968............ 55,853 85.0 12,906 27.8 20,074 18.7 88,833 80.2 
19689. 59,284 35.1 12, 785 26.8 19,674 18.6 91,748 80.4 


Table 27.—Coal received by oven-coke plants in the United States in 1969, 
by consuming States and volatile content 1 


(Thousand short tons) 
High-volatile Medium-volatile Low-volatile -— 
: = s ee " 
Consuming State Percent Percent Percent coal 
Quantity of Quantity of Quantity of receipts 
total total total 
Alabama. .............--.-....-- 1,585 19.3 5,907 71.7 739 9.0 8,281 
California, Colorado, Utah......... 4,414 85.4 682 13.2 70 1.4 5,166 
Maryalnd, New Jersey, New York.. 7,706 70.5 538 .9 2,690 24.6 10,934 
Illinois... ----------------- 2,865 71.8 141 8.8 679 18.4 , 68 
Indiana... . . . 8 7,295 62.3 1,788 15.3 2, 632 22. 4 11,715 
Kentucky, Missouri, Tennessee, 

KT GE 1,784 57.8 459 14.8 846 27.4 8,089 
Michigan 3, 375 67.9 326 6.6 1,271 25.5 4,972 
Minnesota and Wisconsin. .......- 720 49.8 115 8.0 611 42.2 1,446 
e eer xL 9,262 74.8 610 5.0 2,502 20.2 12,874 
Pennsylvania...................- 16,704 67.2 1,621 6.5 6,527 26.3 24,852 
West Virginia 4,964 84.2VsSs gece 820 15.8 „184 

Total 196999ßꝛ9 ...' 60, 074 65. 5 12, 187 18.3 19,387 21.2 91,648 
At merchant plants 8,764 45.7 1,405 17. : 87.2 8,232 
At furnace plants 56,310 67.5 10,782 12.9 16,324 19.6 88,416 
Total 1968 57,488 64.6 11,272 12.7 20,194 22.7 88,949 


1 Volatile matter on moisture-free basis: High-volatile—over 31 percent; medium-volatile—22 to 81 percent; 
and low-volatile—14 to 22 percent. i 
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Table 28.—Origin of coal received by oven-coke plants in the United States in 1969, 
by producing county and volatile content 


(Thousand short tons) 


Volatile content ! 


State and county Total 
High Medium Low 
Alabama 
ELE ee Cit uge, Re 271 
%%%%%0CÜ˙%5¹ʃ4 ueri ced Lu dE Bi. 805 5,40 5,710 
Walker s 0s ß MA tA E 80 3353 65 
Colorado: 
Gürrnnnꝶsssss»s ð - sce SSS. SS 69 zio (i SS 699 
Lás itt 8 1:062 ua essere 1,062 
11 oe re EEN Gaaran — eaae 1 
IB c: s G dd EE EE 651 . ...... 651 
Illinois 
rk ouo e e UM Lu m aT EM Da: 2.0089 ii —— zs 2,008 
Jefferson... oo coc duced 8 1.128. ud 8 1,123 
JJJJ·öĩêCũ. dds Lu D Sa A EE 2722 seg 242 
IR BO. ocras  uhexce 80 
Kentucky: 
e ß . oe eee o AAA 1,450 
n ee ß E E R 1:205 / / Sedins 1,205 
CHAT EE mr u ku Se 9.199. |... —— aas 8,199 
ée Ee CT 120 
BT 0 66 ose tel -—-—--—-——-—'-——— Ho MST. «258s. anods 1,871 
POW eos sete e ß eee 88888 uec 86 
III111ĩõĩÄ56 ⁵ eae k eee 4,5414. .....- 4,564 
New Mexico Colar -o eos eG Ecos Sut bu eee (do t6 xx 742 
Oklahoma: 
Haskell. 2225-2252 EE | Q MED 202 1 203 
Le NlOfG. ule ge . d . e e 154 154 
Rogers uoo . secat adc E amm ll | lll AA 147 
Pennsylvania: 
Arlt ↄi / ⁵ðĩu y ~ sedate 322 322 
Bituminous: 
ae ul dlc cus a I ea 2,0500. Jc —— ume 2,563 
Cambr... 2:22 2e i Ay A ³ AA y iru cd 290 2, 687 2, 977 
e o ele care zu cmo REN Su 25. "itle. | Nees 25 
Greonédi. ll. 2 os ĩͤ v ewm 8 6,281 /// A 6,281 
/ ⁵ðU / yd y d y “asa as 721 72 
Washingtoů n.. d 11,760 28 ˙ uaaias 11,788 
Westmoreland. ......................- . . ...-.....-..- 1.704. ë Lil. ë -Gauos 1,754 
Utah: Carbon terre Ae ^ HIE, 2 cdna 1,911 
Virginia: 
Pins ecd 407 242 795 1,444 
DeÄöÄ!r Se cue Le re s u 662222üͤßÜ ²iͥ11m1 luz. 662 

JJC RO OH RENS TURN ²˙ 0 PUENTES 246 876 | .....- 1,122 
Tasewell i te eee te ee ee eee é 26. “¿Lus 26 
W186 S S; ic ote mel ere et ee S sa s e Seca 1,173 

West Virginia: 

h so eee reo RD AL E AS — 478 
Ce EE EE 1,839 40 1,879 
Fayette- EE 2,439 142 913 8,494 
n;; ĩ²⅛˙¹ꝛ“ ⁰!dddddddddſʒõdſßßꝛk 128 ! 128 
WANG WS ono ete eS mme f 22 LE len II! ee ree a 1,211 
Jõõ ie eh see eee M D bee es 4,067 38 44a 4,451 
MD ³owmA Ai y W EI ure CE 1,495 9,391 10,886 
rr Sa dec nece e EE 2:114. tices, ë memes 2,114 
Ill EE 2 1,137 1,139 
MIngO. EE „668000 — 1,680 
Nied!!! DECEM Se 77 1,008 . ...... 1,285 
Ff -—Á—— M ÀÁÁ————À—— 8 1,677 1,677 
E Kal EE ]ðx— kk ER a 250 250 
V% a ou c s Ee eL E 2 en 29 
WYOMING EEN 479 427 1,668 2,574 

ͤĩ ³˙;²:5¹]ʃ]ʃ ³ꝛ¹m. ͤ ⁰ͥ== ⁊ xx ͤ a 60, 548 11, 634 19, 466 91, 648 


1 Volatile matter on moisture-free basis: High- volatile — over 31 percent; medium- volatile 22 to 31 percent; 


and low-volatile—14 to 22 percent. 
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Table 29.—Origin of coal received by oven-coke plants in the United States in 1969, 
by producing States 
(Thousand short tons) 
Producing State 
Consuming State 
| Alabama Colorado Illinois Kentucky New Oklahoma 
Mexico 

Alabama 6,068. ///õ ³o²W?üQ u ] V e ² 5 m ee 
California, Colorado, Uta. 2.412- nn. 2 T42 n 
Maryland, New Jersey, New Vork. 2.088. inco cubi nee 
F eee yd Wl eS 1,702 1.0880 2: ee 
I eege eer sei 1,690 395 Lusctastuo x usss 
Kentucky, Missouri, Tennessee, Texas. 96. us 508 
Ml ⁵ð⅛ð]ſſ ⁵ĩð2I y 12859: Boon cee IIl 
Minnesota and Wisconsin... ........ ........ fee eee ee eee "eet e 
RE 8 %% u5. Bacto 
Fein i.,“ 8 1,914. 2:22:23 5 
West Virginia lu u uuu anhaa anden nde) messed. icc 200) 2220252 eege 
Total 1969 !. ............. 6,058 2,412 8,892 12,582 742 508 

At merchant plants. 664. u.c 8 Siri! adudhuaa 
At furnace plants 5,389 2,412 8,392 12,281 742 508 
Total1968... . .. . ..- 5, 579 2,404 2,454 ; 705 469 

Producing State—Continued 
Total 
Pennsylvania Utah Virginia West 
Virginia 

Alabama... .. so a a 3 1,399 730 8,230 
California, Colorado, Utah........... .......... J 911 22:2 101 5,166 
Maryland, New Jersey, New York.... "ary 2263222262 402 4,007 10,934 
oo ⁵⁵ 88 l0. eg 19 918 8,685 
Indiaaae˖ AD. Ls 877 5,647 11,716 
rege Missouri, Tennessee, Texas. Bl. 2m 166 2,268 8,089 
Michigan 50 — 234 2,829 972 
Minnesota and Wisconsin SS s 285 1,088 1,447 
Ohio. .--:.oznullll- y abuso 5 189 619 „698 12,875 
Pennsylvania. ....................- 13,167 —8 692 8,417 24,850 
West Vireinig ..-..-.--------------- 144 sabinonssdi 21 1, 762 5,184 
Total 1969 1..................- 26,435 1,911 4,214 33, 405 91, 648 
At merchant plants. 264 .........- 682 6,821 8,282 
At furnace olanta 26,171 1,911 8,582 27,084 88,416 
Total Loes ---------- 25,718 1, 761 4, 800 34, 514 88, 948 


1 Data may not add to totals shown because of independent rounding. 


Table 30.—Quantity and percentage of captive coal received by oven-coke plants 
in the United States 


(Thousand short tons) 


At merchant plants 


At furnace plants 


Year Total Captive coal Total Captive coal ToU 
coal coa] | ——————————— coal 

received Quantity Percent received Quantity Percent received 
1965__...-.- 9,167 8,229 85.2 84,654 55,228 65.2 98,820 
1966. ....... 8,670 8,006 84.7 85,694 54,155 63.2 94,864 
1967... , 545 8,109 86.4 85,495 52,928 61.9 94,040 
1968. ....... 7,' 135 2,659 84.4 81,218 48,999 60.3 88,948 
19689. 8.232 2, 895 35.2 88,416 52 , 447 62.9 91, ,648 


Total ! 

Captive coal 
Quantity Percent 
58,457 62.8 
57,161 60.6 
56,088 59.6 
51,658 58.1 
55, 842 60.4 


1! Data may not add to totals shown because of independent rounding. 
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Table 31.—Month-end stocks of bituminous 


coal at oven-coke plants 
in the United States 


(Thousand short tons) 


Month 1968 1969 
rf A we 10,422 8, 654 
February.....................-- ,815 8,222 

EECH 10,492 7,422 
Apr... c2. sc ec un s 11,882 8,001 
8 V Z oD 088A ER 11,994 8,743 
Jü ¿pu eccl ceo Leon TDS Sl 11,633 8,822 
f d eru ĩͤ E 10,821 6,558 
August... -2-2 10,575 6,618 
September 11,208 7,838 
Oe 8 „533 8,376 
November 9,541 8,807 
December 9,537 8,962 
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Table 32.—Month-end stocks of anthracite 
at oven-coke plants in the United States 


(Thousand short tons) 


Month 1968 1969 

Janusry____.. .. . ee es 158 125 
FebrüBIly....-——— 2. RISE 106 95 
( ah ee a 85 74 
ADHI... 2230050 my AU dr E 79 73 
BY oops ee 8 83 85 
r ß 82 100 
July EE 85 99 
August____. c p ed 98 110 
September, 124 119 
ee Lecce EIE 151 122 
November 167 137 
December 154 130 


Table 33.—Coal-chemical materials, exclusive of breeze, produced at oven-coke plants 
in the United States in 1969 1 


Sold 
Product Produced Value On hand 
Quantity Dec. 31 
otal Average 
(thousands) per unit 
Tar, crude. ...........- thousand gallons.. 768,766 877 , 229 $36,551 $0.097 50,270 
Tar derivatives: 
Sodium phenolate or carbolate. ` do 8,249 8,261 285 087 205 
Crude chemical oil (tar acid oil) - do 23, 466 20,255 4,684 281 516 
Pitch-of-tar: : 
Soft. thousand short tons 522 209 4, 196 20.077 28 
OPO c: ne roue eur do.... 830 154 8,040 19.740 5 
Other tar derivatives 2h22 ek 50) | mE 
Ammonia products: 
Sulfate thousand short tons 676 598 11, 195 18.721 175 
Liquor (NH; content: do.... 15 15 60.133 2 
Diammonium phosphate do.... 88 88 3,111 81.868 8 
TOUR ooa z eos , PUR: 15.208 . ul: Ll. 
Sulfate equivalent of all forms. do- 732 606. | 22.2 m8 177 
NH; equivalent of all forms do- 230 222222 — Sas s 41 
Gas: 
Used under boilers, etc. 
million cubic feet. 104,861 22, 272 e 8 
Used in steel or allied plants do 891,591 95,902 24535 
Distributed EUER city mains. do- 962,048 13,818 4,589 8322 
Sold for industrial use 0...] 84,476 15, ,220 1800 
Total ss do. . 4962, 048 594, 746 187,983 S282. nlsi 
Crude light oil. thousand gallons... * 258,910 98,193 12,226 .125 8,588 
Light-oil derivatives: 
Benzene: 
Specification grades (1°, 2°, 90%) 
thousand gallons. - 97,508 96,503 21,356 .221 4,338 
Other industrial grades do 4,192 4,339 60 139 5 
Toluene (all grades) a --- 19,608 18,713 5,084 .272 1,490 
Xylene (all grades) See , 246 5,981 1,109 .206 595 
Solvent naphtha (all grades) "do. Pm 3,567 , 589 577 .163 262 
Other light-oil derivatives do- 6,172 3, 583 406 113 381 
/// ˙· w u T uu uu PRIN do.... 196,283 132,058 29,137 .229 7,119 
Intermediate light oil. `... do 5,019 1. 562 126 081 213 
Grand total 3 eee a222- 257 / ˙ — 


1 Includes products of tar distillation conducted by oven-coke operators under the same corporate name. 


2 Soft-water-softening point less than 110? F; medium-110° to 160° F; hard-over 160? F. Figures on hard 


pitch include small amount of medium pitch. 


š Creosote oil, cresols, cresylic acid, naphthaline, phenol pyridine, refined tar, tar paint. 


! Includes gas used for heating ovens and gas waste 


5 Data may not add to totals shown because of independent rounding. 


$151,787,000 gallons refined by coke-oven operators to make derived products shown. 
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Table 34.—Coal equivalent of the thermal materials, except coke, 
produced at oven-coke plants in the United States 


Materials produced Estimated equivalent in heating value ! 

(billion Btu) Coke 

——————————— Do ———————————————————————— equiv- 

Coke Surplus Light alent 

Year breeze gas Tar oil (thou- 
(thou- (billion (thou-  (thou- Coke Surplus Tar Light Total sand 

sand cubic sand sand breeze gas oll short 

short feet) gallons) gallons) tons) 

tons) 

198688 88 4,087 630 802,738 262,701 80,740 346, 500 120,411 34,151 581,802 22, 206 
19666 4,102 630 801,867 262,640 80,240 346,800 120,280 34,143 580,968 22,174 
1967 ·Ü˙³ĩ ꝛ ⅛ ͤͤ 8 4,025 606 780,334 252,138 80, 500 333,300 117,050 32,778 563,628 21,518 
19888 4,074 575 760,812 288,887 81,480 316,250 114,114 31,055 542,899 20,721 
1869... --.------ 4,401 595 768,766 258,910 88,020 327,250 115,315 33,658 564,248 21, 536 


! Breeze 10,000 Btu per pound; gas, 550 Btu per cubic foot; tar, 150,000 Btu per gallon; and light oil, 180,000 
Btu per gallon. 


Table 35.—Average value of coal-chemical materials used or sold and of coke and breeze 
per short ton of coal carbonized in the United States 


1965 1966 1967 1968 1969 

Ammonia products... -------------------------- $0.268 $0.280 $0.254 $0.194 $0.173 

Light oil and its derivatives. .505 481 441 427 435 

Surplus gas used or sold____._-.------.---------- 1. 556 1.522 1.512 1.488 1.502 
Tar and its derivatives (including 5 

Tar burned by producers 11121 .862 .828 .818 .911 .917 

TT WEEN .672 .677 .675 727 685 

1J;ö˙§⁊2e%ũ4%ũ% ee n E 3.363 3.288 8.200 3.142 8.112 

Coke produced 11.890 12.167 12.152 12.246  ?12.560 

Breeze produce .801 . 292 .918 .914 388 

Grand total... a ul l... lll ul doe E 15.554 15.747 15.670 15.702 16.060 


1 Includes pitch-of-tar. 
2 Average value of coke used or sold in 1969. 


Table 36.—Percentage of coal costs recovered from the recovery of coal-chemical 
materials in the United States 


1965 1966 1967 1968 1969 
Product: 

Ammonia products 2.8 2.9 2.5 1.9 1.8 
Light oil and its derivatives 5.8 4.9 4.4 4.3 4.4 
Surplus gas used or sold —-——- - 16.4 15.6 15.1 15.1 14.4 
Tar and its derivatives used or sold (including 

naphthalene)_.___.....-.-.--------------- 11.0 10.3 11.4 10.4 10.5 

%%ôöĩ5˙k᷑ʃẽũ 35. 5 33.7 33.4 31.7 81.1 


Value of coal per short ton $9.51 $9.78 $10.02 $10.01 $10.42 
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Table 37.—Production and disposal of coke-oven gas in the United States in 1969, 
by States 
(Million cubic feet) 


Produced Surplus used or sold 
Value 
Thousand Used in —wz 
State cubic heating Average Wasted 
Total feet ovens Quantity Thou- per 
per ton sands thousand 
of coal cubic 
coked feet 
Alabad ae 78,191 9.75 35,755 40,329 $5,858 30.145 2,107 
California, Colorado, Utah.......... 60,258 11.97 17,514 42,217 6,760 .160 527 
Maryland, New Jersey, New York... 120,528 10.90 36,299 82,443 24,688 299 1.786 
Ines. 8 37,562 10.28 12,764 22, 591 8,988 396 2, 206 
Indies ³ 8 118,858 10.09 40, 231 77,294 15,951 206 828 
Kentucky, Missouri, Tennessee, 

Texas 30, 282 9.81 14, 583 13,203 1.725 WEN 2,496 
Michigan and Minnesota 54,219 9.32 13,990 38,663 9,185 238 1,566 
EM occ ote ste 88 125,422 10.28 48,002 75,233 20,708 275 2,187 
Pennsylvania... .................- 279,884 10.78 111,685 163,669 34,864 .213 4,479 
West Vireinis .------------- 57,397 11.04 17,115 89,103 9,308 .288 1,179 

Total 19691. 962,048 10.48 847,940 594,746 137,988 .282 19,862 
At merchant olanta nnn 69,787 8.88 34,939 32, 827 6,341 . 196 2,471 
At furnace plants 892,311 10.63 $313,000 562,419 131,642 .284 16,891 
Total 1968 922,910 10.25 331,841 577,278 133, 486 292 13,792 


1 Data may not add to totals shown because of independent rounding. 
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Table 38.—Surplus coke-oven gas used by producers in the United States and sold 
in 1969, by States 


(Million cubic feet) 
Used by producers 
Under boilers, etc. In steel or allied plants 
Value Value 
State ` 
verage verage 
Quantity Thou- per Quantity Thou- per 
san tho d san thousand 
cubic cubic 
feet feet 
Alabama 15,853 $2,285 30.144 20,881 $8,205 30.154 
California, Colorado, Uta (1) (1) (1) (i) (1) (i) 
Maryland, New Jersey, New York............ 2,627 458 .174 71,265 20,987 . 294 
TIlIBolg. u . UA rcli atas: 5,518 790 .148 12,687 7,519 .595 
I ³Üww a E 5,272 1.827 252 68,7 13,848 .194 
Kentucky, Missouri, Tennessee; Texas 6,594 870 .182 VM (2) 0 
Mels 8 (1) (1) (1) ( VM 0 
Minnesota and Wisconsin (i) (1) (1) (1) O 0 
(llo haz u a UMRECHNEN DS 11,028 5,005 .454 57,898 14,716 254 
Pennsylvania 28 , 456 4,856 .207 77,224 18,077 . 284 
West Virginia. ............................. (1) (1) (i) (1) (1) (1) 
Undistributed.............................- 84,518 6,681 .194 88,007 18,051 217 
i ß teense 104,861 22,272 212 391,591 95,902 245 
At merchant plants 9,816 1,576 161 850 190 224 
At furnace plants 95,045 20, 696 218 390,741 95,711 245 
Total 19068 .. 91,875 19,987 217 448,412 104, 402 234 
Sold 
Distributed through For industrial use 
city mains 
Value Value 
Quantity Th Ar Quantity Th a 
ntity ou- per ntity oue per 
sands thousand sands thousand 
cubic cubic 
feet feet 
AD l. . ol O LOSS SSO s (1) (1) (i) (5) (1) (1) 
California, Colorado. t ⅛ x y ` vest LE See : 
Maryland, New Jersey, New Vor... (1) (1) VM 
plo: EE (1) M 0 
a; a a a S (1) (1) (1) (1) (1 (1 
Kentucky, Missouri, Tennessee, Texas........ ...... ......- ......- (1) (1) (1 
Michigan nce cc 2 usss ss tee (1) (1) (1) (1) (1) 0 
TE EE () (1) (i) (1) (3) (3 
OO? sce ce eee m; y km Ee, oaa 6,308 986  $0.156 
8 T. , À le ad. Š 
es QD EE 
Undistibuted 18,818 34,589 30.332 78,168 $14,288 182 
Total 1969 2.______. 22222 2... -.--..- 18,818 4,589 .882 84,476 15,220 . 180 
At merchant plant 8,023 2,479 809 13,688 2,095 .154 
At furnace plants. 5,795 2,110 .864 70,838 18,124 .185 
š Fiss A 14, 840 5, 618 378 22,152 8,584 .160 


1 Included with undistributed to avoid disclosin 


2 Data may not add to totals shown because of independent rounding. 


individual company confidential data. 
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Table 39.—Coke-oven gas and other gases used in heating coke ovens in the 
United States in 1969, by States 1 


(Million cubic feet) 


Blast- Total 
State Coke-oven furnace Natural coke-oven 
gas gas gas gas 
equivalent 
RN, TER 3 / iosita 35, 755 
California, Colorado, Uta 17,514 . ....... 43 17,557 
Maryland, New Jersey, New York ` -------2---------- 36,299 12,243 412 48,954 
Pinoi: uu ß . Eu ad rie 12,764 5,160 17,925 
TOGISNOs 2.25 d ei eee ei 40,231 48,625 1,542 90,398 
Kentucky, Missouri, Tennessee, Texas. ................. 14,583 | ....... ....... 14,588 
Mie 13, 990 Jo li. . 26,708 
Minnesota and Wisconsin J E (2) 
ORIG occ. ͥ nu ee y asas 48,002 3,778 — Lu 51,775 
Pennsylvania. .. ............-. l2 lll Ll2Llll-l2l22ll2l2....- 111,685 11,909 . ....... 123,594 
West Virginias 222.266 boc. dc os eee eee eee 17,115 6,144 . ....... 23,260 
ea, ß ß 347,940 100, 571 1,997 450,509 
At merchant planten 404.999. . ullas —— xe ES 84,939 
At furnace plants 813,000 100,571 1,997 415,669 
Total-1968.. . emen e esee. 831,888 95,168 1,785 428,791 


1 Adjusted to an equivalent of 550 Btu per cubic foot. 
1 Included with Michigan to avoid disclosing individual company confidential data. 
s Data may not add to totals shown because of independent rounding. 
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Table 40.—Coke-oven ammonia produced in the United States and sold in 1969, 
by States 


(Thousand short tons and thousand dollars) 


Yield of ammonia Production 
sulfate 
x Active ———————————  —Ə— ——oyƏ  e—hO .n. 
State plants ! Pounds As 
Tons per ton As liquor 
of coal sulfate ? (NH; 
coked content) 
AIS DOING Urol ole uoc eR ELI ee 7 76 19.02 75 (š) 
California, Colorado, Utoah ggg 8 79 81.66 56 (*) 
Maryland, New Jersey, and New York............ 4 109 20.45 108 (4) 
Ir, TT seb sce te m kay: 4 30 16.61 80 ........ 
C; , ũͤedululnnn hv ( rca e LL 6 84 14.35 79 (4) 
Kentucky, Tennessee, Texas....................- 8 17 14.88 6 (4) 
Michigan ecco oc cke eu ( ⁊ 8 2 11.96 29 _...---- 
Minnesota and Wisconsin.. -.------------------- (5) ($) (5) (0: - > ausos 
A EE 11 101 17.16 92 (4) 
Pennsylvania... ................... l2... --. l.l... 11 162 13.10 162 2: 
KC, TEE 8 45 17.88 4552 
Fh u ³ ⁰ ⁰⁰ ⁵ ⁰dddAddddddddddͥ Su e um E 15 
iss ĩð- . . . . ... eae 55 782 16.68 ? 676 15 
At merchant plants 9 89 14.14 12 8 
At furnace plants 46 698 16.85 664 7 
iss 8 57 768 17.06 701 17 
Sold On hand Dec. 31 
As sulfate 2 As liquor Liquor 
(NH; content) As (NH; 
————————————————— —— gulfate? content) 
Quantity Value Quantity Value 
A ĩð2A 77 $1,297 (š) (š) i 
California, Colorado, Utah........ F 53 2,451 (4) (4) 11 (3) 
Maryland, New Jersey, New York ...............- 94 2,071 (4) (4) 28 (3) 
PINON 0-5 u usa eee 24 8668 Il xx 
IõÄöÜͤÜi ek Le mL te LEE 78 1,240 (4) (4) 22 (3) 
Kentucky, Tennessee, Texas ..................-- 6 92 (4) (4) 1 Q) 
Michigan c c ocio K 8 29 1,680 ....... .....- 9. acoso 
Minnesota and Wisconsin (5) 0 E EE 6 
J Duro PTT 90 1,546 (4) (4) 18 (4) 
Pennsylvani nnn 150 2,784 ....... ..-.-- 62 vius 
West Virginia 40 539. ane uunc . 
Undieibhteſſsſh/„,,,, cem. Qu S m bus a 15 $902- AA 
Total 1969 EE 8686 14,806 15 902 177 2 
At merchant polants --------------------------- 12 231 8 425 4 1 
At furnace plants 624 14,075 7 477 178 (3) 
Total 1968 J. ul ee ⁊ 688 16,535 17 969 187 1 


1 Number of plants that recovered ammonia. 

* Includes diammonium phosphate. 

š Less than Le unit. 

4 Included with “Undistributed” to avoid disclosing individual company confidential data. 

s Included with Michigan to avoid disclosing individual company confidential data. 

* Data may not add to totals shown because of independent rounding. 

z Comprises 688,000 tons of ammonium sulfate and 38,000 tons of diammonium produced in California, 
Colorado, and Michigan. 

s Comprises 598,000 tons of ammonium sulfate valued at $11,195,000 and 38,000 tons of diammonium 
phosphate valued at $3,110,000. 
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Table 41.—Coke-oven tar produced in the United States, used by producers, 
and sold in 1969, by States 
(Thousand gallons) 
Produced Used by producers 
State Gallons For 
Total, per ton refining As Other- 
of coal or fuel wise 
coked topping 

ee, ke Ee 57,918 7.22 (1) (1) (1) 
California, Colorado, Uta 49,437 9.82 (1) (1) (1) 
Maryland, New Jersey, New York.................- 96,368 8.72 (1) (1) (1) 
Inn,, e sao E D EXER 25,280 6.89 (1) (1) (1) 
Fi ð⅛ Kd ĩðͤv eee er cer 85, 887 7.28 (1) (1) (1) 
Kentucky, Missouri, Tennessee, Texas 19,687 6.38 (1) (1) (1) 
MICHIGAN EE 81,736 6.55 (1) (1) (1) 
Minnesota and Wisconsin 9,003 6.38 1) (2) (1) 
J))ĩ̃⁵¹ e 110,124 8.98 3,218 42,816 (1) 
Pennsylvania. 235,492 9.07 127,987 35,181 587 
West Virginia.____ 88 48,333 9.29 (1) (1) (1) 
ane ð V deduce 151,579 20,068 84 

fucci dss AAA 88 768, 766 8.33 282,785 98,065 671 
At merchant plants 46,112 5.55 S 8 
At furnace olanta eee 722, 658 8.61 282,104 98,065 671 

Total EE 760,812 8.45 301,254 104, 905 1,650 

Sold for refining into tar products 
Value On hand 
Quantity Dec. 31 
Thousands Average 
per gallon 

Alabami- ee oe ám" 33,220 $3,362 $0.101 5,269 
California, Colorado, Uta 28, 72 3,027 105 3,037 
Maryland, New Jersey, New York 19,308 1,819 094 3, 840 
Ii. 8 24,009 2,921 .097 1,509 
E bM LEE es Lea d deas 85,105 8,098 .088 4,178 
Kentucky, Missouri, Tennessee, Texas.............. 19,564 ,12 . 109 492 
Mehl. 8 26,012 2,445 094 2, 725 
Minnesota and Wisconsin 8,862 844 .095 935 
TEE 60,188 6,168 .102 8,618 
Pennsylvania 88, 443 8,058 097 16, 695 
West Virginia.. 88,795 8,297 .085 2,971 
ündistributed- oou Spy A uo mic ͥ dd ING uil AAA 8 

Total S960 ß etn eevee 377, 229 86,551 .097 50,270 
At merchant plants. ...--------------------------- 45,792 4,542 . 099 1,376 
At furnace plants 331, 487 32, 009 097 48,894 

h ðVA So ss ec 358,089 34,612 .097 40,104 


1 Included with ‘‘Undistributed”’ to avoid disclosing individual company data. 
? Data may not add to totals shown because of independent rounding. 
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Table 42.—Coke-oven crude light-oil produced in the United States and derived products 
produced and sold in 1969, by States 


(Thousand gallons) 


Crude light oil 


Derived products 


Active 
State plants ! Gallons Refined On Sold š 
Produced per ton on hand Produced 
of coal premises? Dec. 81 Quantity Value 
coked 
Alabama.................... 7 17,997 2.44 18,667 832 13,778 18,157 $2,880- 
California, Colorado, Utah 3 17,598 8.50 11,591 865 10,252 8,840 1,567 
Maryland, New Jersey, New 
WORK. 2:54 ee 6 36,054 3.26 22,839 1, 070 19,568 19,009 5,441 
Illinois, Indiana, and Michigan- 10 46, 100 2. 50 2,379 2,054 1,921 1,998 1, 540 
Kentucky, Missouri, Tennessee, | 
Texas, West Virginia 8 31,129 3.76 2,337 722 2,943 2,969 858 
/// ĩ ˙· 11 31, 855 2.68 19,925 1,149 17,066 17,102 3,221 
Pennsylvania 11 78,177 3.01 74,548 2,897 71,860 70,088 15, 269 
Total 1969 56 258,910 2.87 151,788 8,588 186,282 132,058 30, 225 
At merchant plants 10 18, 468 2.01 9, 531 826 7,781 8,007 1,558 
At furnace plants 46 245, 442 2.94 142,257 7,768 128,501 124,051 28, 666 
Total 1988982 58 288, 887 2.65 144,842 10,289 128,248 128,775 26,914 


1 Number of plants that recovered crude light oil. 

2 Includes small quantity of material also reported in sales of erude light oil in table 83. 
3 Excludes 98, 193, 000 gallons of crude light oil valued at 312, 226, 000 sold as such. 
Data may not add to totals shown because of independent rounding. 


Table 43.—Yield of light-oil derivatives from refining crude light oil at oven-coke plants 
in the United States 


(Percent) 

Benzene Toluene Xylene Solvent Other 

Year (all (all (all naphtha light-oil 

grades) grades) grades) (crude and products 

refined) 

1965; o eco uet ci eel .0 12.8 8.5 2.8 4.1 
/ ³ĩ˙¾i. ʒ eee rc acu 63.4 12.7 3.4 1.8 8.5 
EIERE 58.9 12.6 3.6 2.4 5.4 
EELER 68.9 13.6 8.8 2.6 4.6 
1969 ee 0 18.1 3.5 2.9 4.4 


Table 44.—Benzene and toluene produced 
at oven-coke plants in the United States, 


by grades 
(Thousand gallons) 
Benzene 
—— Toluene 
Year Specification Other (all 
grades industrial grades) 
(1°, 2°, 90 grades 
percent) 
1955... —Xnlͥͤ 117,991 3,927 24,816 
1966 ........- 110,223 3,709 22,791 
LEE ,68 3.959 19,858 
1968... , 44 4,186 19,645 
19699 97, 508 4,192 19,603 
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Table 45.—Light-oil derivatives produced at oven-coke plants in the United States 
and sold in 1969, by States 


(Thousand gallons and thousand dollars) 


Benzene (all grades) Toluene (all grades) 
Yield Sold Yield Sold 
State from xva kyꝛyq⁴yĩ from 
Pro- crude Pro- crude 
duced light-oil Quantity Value ` duced light-oil Quantity Value 
refined refined 
(percent) (percent) 
Ar ³ð A 10,178 54.5 9,501 $2,157 2,461 13.9 2,486 $476 
Colorado, Illinois, and Utah. ...... 7,856 57.8 8,250 1,616 1,725 12.7 888 182 
Indiana, Maryland, and New York. 17,296 72.1 16,462 3,441 1,429 6.3 1,584 1,852 
GG ³ĩðRĩ ete 88 2, 642 68.4 12,686 2,406 $8,071 15.4 8,068 594 
Pennsylvania 52,177 69.4 52,351 12,076 10,67" 14.6 10,505 1,941 
Tennessee and Texas. 1,551 53.11 1,592 267 240 10.3 232 89 
Total 1969 Ii. 101, 695 67.0 100, 842 21,961 19, 603 13.1 18,713 5,084 
At merchant plants 5,537 58.1 5,681 1,226 1,197 12.6 1,296 192 
At furnace plante 96,158 67.6 95,161 20,736 18,406 18.2 17,417 4,891 
Total 1968................- 92,585 68.9 97,484 21,811 19,645 13.6 19,867 3, 704 
Xylene (all grades) Solvent naphtha (crude and refined) 
Yield Sold Yield Sold 
from ` oN from 
Pro- erude Pro- crude 
duced light-oil Quantity Value duced light-oil Quantity Value 
refine refined 
(percent) (percent) 
Alabama____... ouod ĩ 524 3.0 575 $135 245 2.8 238 $27 
Colorado, Illinois, and Utah. ...... 353 2.6 351 78 364 2.7 245 56 
Indiana, Maryland, and New York. 214 0.9 866 77 (3) (2) (2) (2) 
OGG ĩðV bee Ed Seco 740 8.7 711 148 612 8.4 637 78 
Pennsylvania... . 8,370 4.6 3,834 663 2,191 3.8 2,209 388 
Tennessee and Texas. 44 1.9 13 153 0.8 209 1,116 
Total 1969 .. 5,246 3.5 5,881 1,109 3,567 2.9 3,589 1,665 
At merchant plants 247 2.6 243 58 41 1.8 87 
At furnace plants 4,999 8.6 5,188 1,051 8,526 2.9 3,502 1,657 
Total 1968898 5, 576 3.8 5,478 1,088 8,714 2.6 2,921 460 


1 Data may not add to totals shown because of independent rounding. 
2 Included with Tennessee and Texas to avoid disclosing individual company confidential data. 


Table 46.—Estimated consumption of 
commerical benzene (excluding motor 
grade) in the United States, by use 1 
(Million gallons) 


1965 1966 1967 1968 1969 


Styrene........... 812 360 378 398 506 
Phenol (synthetic). 161 178 178 165 220 


Dodecylbenzene... 34 42 45 88 35 
Cyclohexane...... 160 184 172 197 242 
Aniline. .........- 24 29 30 28 40 
DDT os o s 14 14 11 11 13 
Dichlorobenzene 


phenyls......... 5 5 5 5 5 
Nitrobenzene...... 2 2 2 2 2 
Miscellaneous 20 20 27 25 25 
Reported. ........ 45 97 100 80 92 

Total....... 819 979 997 1,002 1,287 


1 Coal Chemicals Committee, American Coke and 
Coal Chemicals Institute, Washington, D.C. 


Columbium and Tantalum 


By Meherwan C. Irani ! 


Consumption of columbium as indicated 
by imports rose 14 percent in 1969. The 
primary use of columbium in the form of 
ferrocolumbium in steelmaking increased 
22 percent to a new record high. The con- 
sumption of tantalum, which continued to 
be used primarily in the manufacture 


of capacitors, fell 21 percent. About 
2,456,488 pounds of combined pentoxides 
(Cb2O5s + Ta>Os) was sold to industry 
from Government stocks on sealed bids. 


1Metallurgist, Eastern Field Operation Center, 


Pittsburgh, Pa. 


Table 1.—Salient columbium statistics 
(Thousand pounds) 


United States: 
Mine production of columbite-tantalite concen- 


Releases from Government stocks (Cb con- 
C ⁰ AA 
Consumption of concentrate: Columbium metal 
contained in all raw materials consumed (Cb 
Sener uD. TSS 
Production of primary products: 
Columbium metal (Cb content 
Ferrocolumbium and ferrotantalum-colum- 
bium (Cb + Ta content) 
Consumption of primary products: 
Columbium metal (Cb content 
Ferrocolumbium and ferrotantalum-colum- 
bium (Cb + Ta content 
Exports: 
Columbium ore and concentrate (gross 


Columbium metal, compounds, and alloys 

(gross weight ꝰ 
Imports for consumption: 

Columbium mineral concentrate (gross 


Columbium metal and columbium- bearing 
alloys (Cb content)..................- 


Ferrocolumbium (gross weight) ..------ 
World: Production of columbium-tantalum concen- 


trates (gross weightr )))) 


1965 


2,199 


4,892 


14,617 


1966 1967 1968 1969 


r 8,094 


9,278 7,481 8,657 4,161 


10 4 (3) 1 5 
691 1,280 629 1,171 NA 


23,031 20,551 19,844 29 ,192 


e Estimate. r Revised. 
NA Not available. 


W Withheld to avoid disclosing individual company confidential data. 


1 Includes columbium content in raw materials from which columbium is not recovered. 
? Includes material released as pigment-in-kind for upgrading. 


3 Less than 14 unit. 
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Table 2.—Salient tantalum statistics 
(Thousand pounds) 
1965 1966 1967 1968 1969 
United States: 
Mine production of columbium-tantalum con- 
F ee ³⁰ d ⁰ Sees W W W W 
Releases from Government stocks (Ta con- 
tent) 1$. EE 634 307 168 171 
Consumption of concentrate: Tantalum metal 
contained in all raw materials consumed (Ta 
content) EE 775 1,392 1,730 1,060 928 
Production of primary products: 
Tantalum metal (Ta content) 712 1,064 1,021 692 1,046 
Ferrocolumbium and ferrotantalum-colum- 
bium (Cb + Ta content 1,961 8,664 1,960 2,880 2,554 
Consumption of primary products: 
Tantalum metal (Ta content)...........- 485 493 443 423 151 
Ferrocolumbium and ferrotàntalum-colum- 
bium (Cb + Ta content) 2,199 2,697 3,192 r 9,094 3,328 
Exports: 
Tantalum ore and concentrate (gross 
Weiz; beet on ek 284 163 75 65 85 
‘Tantalum metal, compounds, and alloys 
(gross weight)... ....................- 21 35 59 106 124 
Tantalum and tantalum alloy powder (Ta 
content) 25 51 51 84 100 
Imports for consumption: 
Tantalum mineral concentrates (gross 
Nö 22 coc IR dee 1,196 2,143 1,675 1,230 975 
Tantalum metal and tantalum-bearing 
alloys (Ta content). ---- . . 26 48 55 18 11 
World: Production of columbium-tantalum concen- 
trates (gross weight )))) 14,617 23,031 20,551 19,844 29,192 


r Revised. 


W Withheld to avoid disclosing individual company confidential data. 


1 Includes tantanlum content in raw materials from which tantalum is not recovered. 
? Includes material released as payment-in-kind for upgrading. 


Legislation and Government Programs. 
—During 1969 the Office of Mineral Explo- 
ration (OME), U.S. Geological Survey con- 
tinued to offer financial assistance of 50 
percent (columbium) and 75 percent (tan- 
talum) for the exploration and develop- 
ment of approved columbium and tan- 
talum resources. The General Services 
Administration (GSA) continued its co- 


lumbite disposal program during 1969. It 
sold to industry 2,456,488 pounds of com- 
bined  pentoxides containing 1,572,823 
pounds of columbium and 170,749 pounds 
of tantalum from the Defense Production 
Act (DPA) inventory in February, April, 
June, August, October, and December at 
prices ranging from $0.81 to $1.19 per 


Table 3.—Columbium and tantalum materials in Government inventories 
as of Dec. 31, 1969 


(Thousand pounds, columbium and tantalum content) 


. National Defense 
Material Objective (strategic) Production Supplemental "Total 
stockpile Act (DPA) stockpile 
inventory 
COLUMBIUM 
Concentrate s. 5,999 2,195 358 9,092 
Carbide powder: Stockpile grade. . 20 2l. tote Los 21 
Ferrocolumbium: 
Stockpile grade 930 5544 CURE 554 
Nonstockpile grade... 59 | | | — aoe 558 
Metal: Stockpile grade 45 44 „ bet 44 
Oxide powder: Stockpile..........  ..... 86 | | |... Es 86 
TANTALUM 
Tantalum minerals: Stockpile 
/r, 2, 947 3,149 925 6 4,080 
Carbide powder: Stockpile grade. . 27 20- — — uu doc 29 
Metal: Stockpile grade 860 201. u. au 201 


COLUMBIUM AND TANTALUM 


pound of the mixed oxides. The total 
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The companies which purchased colum- 


value of these sales amounted to bium and tantalum concentrate from GSA 
$2,456,493. during 1969 are listed below. 
Pounds of com- Approximate Approximate 
Company bined pentoxides columbium content tantalum content 
(CbzOs + Ta:0:) (pounds of Cb) (pounds of Ta) 

Associated Metals & Minerals Cord 98,913 63,223 6,988 
Intsel Cofp- EE 16,394 11,346 118 
International Selling Corp 86,992 25,856 590 
Kawecki Berylco Industries, Inc.............. 248,974 151,209 26,742 
Nissho-Iwai American Corp 66,931 44,490 2,691 
Norton Company 90,050 54,247 10,281 
Metada Enterprises, Ine 13,839 8,596 1,261 
Metallurg Ine 164,924 110,248 7,068 
Philipp Brothers Division of Engelhard Minerals 

and Chemicals Cord 1,976,629 888,196 87,262 
South American Minerals and Merchandising 

Corp. (SAMINCORP)...................- 74,975 48,682 4,352 
Socomet i lcu cues eEcroeae des 27,794 16,744 8,157 
Teledyne Wah Chang Alban 97,084 58,540 10,924 
Union Carbide Corp. ......................- 143,039 91,946 9,425 


DOMESTIC PRODUCTION 


Domestic mining activity was insignifi- 
cant during the year. Only two companies 
reported shipments of small quantities of 
columbium-tantalum concentrates from two 
mines in South Dakota. The shipments 
were from materials stockpiled during 
1968. 

Production of columbium metal powder 
increased 259 percent in 1969, but data 
continued to be withheld to avoid disclos- 
ing individual company confidential data. 
There was an approximate 250-percent in- 
crease in production of columbium metal 
ingots during the year, but the production 
figures also cannot be revealed. Production 


of tantalum metal powder (including ca- 
pacitor-grade powder) increased 51 per- 
cent to 523 tons in 1969. 

Ferrocolumbium, ferrotantalum-colum- 
bium-base, and/or columbium base master 
alloys were produced by the thermite proc- 
ess by the Kawecki Division of Kawecki 
Berylco Industries, Inc. (formerly Kawecki 
Chemical Co.), Reading Alloys Co., Inc., 
and Shieldalloy Corp. Molybdenum Corpo- 
ration of America (Molycorp. Union Car- 
bide Corp. and the Metallurgical Products 
Division of Foote Mineral Co. produced 
these alloys in electric furnaces. 


Table 4.—Major domestic columbium and tantalum processing and 
producing companies in 1969 


Tanta- Ferro- Ferro- 
Company Location Colum- Tanta- lum colum- tantalum- 
bium lum carbide bium colum- 
bium 

Fansteel Ine Muskogee, Okla.... X X X ge EC 
General Electric Co Euclid, Ohio. ...... x x Ee ME eaten 
Kawecki Division, Kawecki Berylco 

Industries, Inc.. Boyertown, Pa..... x x x x up 
Kennametal, Ine Latrobe, Pa.. x x x dn v 
Linde Division, Union Carbide Corp.. Indianapolis, Ind... X x x ees ONES 
Mallinckrodt Chemical Works. St. Louis, Mo x x x ES EG gases 
Mining and Metals Division, Union Niagara Falls, N.Y. ) x x PNE 

Carbide Cord Marietta, Ohio 
Molybdenum Corporation of America. Washington, Pa.... .... RE teg x A 
Metals Division, Norton Co.......... Newton, Mass.. m dcum cT 
Reading Alloys, Co., Ine Robesonia, Pa. Zool 8 "em X X 
Shieldalloy Corp..................- Newfield, N.J...... HO oa BE A A 
Stellite Works, Materials Systems Di- 

vision, Union Carbide Corp........ Kokomo, Ind X X x — TNT 
Metallurgical Products Division, Foote Vancoram, Ohio | A EMO Lcd x 

Mineral Co Graham, W. Va 
Wah Chang Albany (A Teledyne Com- 

DülV) ⅛ ði dm. ⁵⁵ ni LU e Albany, Oreg X X X sus ace 
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CONSUMPTION AND USES 


Columbium consumption in the form of 
high-purity metal totaled 179,446 pounds, 
an increase of 94 percent over that of 
1968. Tantalum metal (including capaci- 
tor-grade powder) consumed during the 
year increased 78 percent and totaled 
751,259 pounds. 

Use of columbium in ferroalloy addi- 
tions to steels continued to account for ap- 
proximately 90 percent of the metal con- 
sumed. Total consumption of columbium 
plus tantalum in ferroalloys increased to 3.3 
millon pounds compared with revised 1968 
consumption figures of 3.1 million pounds. 
Domestic consumption of ferrocolumbium 
(FeCb) during the year, by major use ca- 
tagories, was as follows: Alloy steel other 
than stainless and heat-resisting alloys (36 


percent), superalloys (24 percent), carbon 
steels (21 percent), and stainless and 
heat-resisting steels (16 percent). 

Consumption of  ferrotantalum-celum- 
bium (FeTa-Cb) continued to be small 
and amounted to less than 1 percent of 
the total reported FeCb plus FeTa-Cb con- 
sumption, compared with slightly more 
than 1 percent in 1968. The major uses of 
ferrotantalum-columbium in 1968 were in 
the production of stainless and heat-resist- 
ing steel (53 percent), miscellaneous and 
unspecified uses (38 percent), and other 
alloy steels (9 percent). Additional data 
on ferrocolumbium and ferrotantalum-co- 
lumbium are contained in the “Ferralloy” 
chapter. 


Table 5.—Reported shipments of columbium and tantalum materials 
(Pounds of metal content) 


Percent 
Material 1968 1969 change 

Columbium products: 
Compounds, including alloyꝰ r 2,121,600 1,651,750 —22.1 
Metal, including worked products. ...................... 47,863 09,898 ＋ 132.0 
IJ ⁰ʃ ⁰⁰yy . Ar es „7ho0 
ain ß ie pu uu ZZ r 2,168,968 1,766,348 —18.6 

Tantalum products: 
Oxides and salt 68,000 57,400 —8.9 
Alloy additive... coe u. U U cedes EE 16,300 13,700 —16.0 
Carbide. —— se oe ee St Se enn Mere En Le ee 62,350 174,800 ＋ 179. 6 
Powder and anodennsss .. .. ..........- 458 , 803 474, 742 +3.6 
Ingot (unworked consolidated metal)....................- 14,860 21,600 +50.4 
Ape ß Cee ee 171,117 206,085 +20.4 
ENEE 12,163 87,000 +204.2 
|0, 4,05 DECR UICE CR HUNE ooh xe 
kV ꝛĩ²⅛ ]ñꝛ m ꝓↄ qqq %⅛˙— 8 798, 693 984,777 +23.3 
r Revised. 


Atomergic Chemicals Co. announced the 
availability of electron-beam-melted colum- 
bium ingots over 99.99-percent pure. 

Linde Division of Union Carbide Corp. 
disclosed the development of an AC co- 
lumbium-coated superconductive cable. It 
consists of three pipes within a pipe. The 
outer surface of the smaller pipe and the 
inner surface of the larger pipe will be 
coated with ultrapure columbium—the 
conductor. The fourth pipe will carry liq- 
uid helium, which will also be distributed 
throughout the entire cable. The pure co- 
lumbium will be deposited on a backing of 
tubular metal by a proprietary molten-salt 
electroplating process. 


Table 6.—Consumption of ferrocolumbium 
and ferrotantalum-columbium in the 
United States by end use, 1969 


Pounds of 
End use contained 
columbium 
plus tantalum 
Steel 
, zulu L E 707 , 729 
Stainless and heat-resisting...  _ 537,151 
Alloy (excludes stainless and 
beat-resisting). ) 1,190,582 
Superallo yes 803,211 
Alloys (excludes alloy steels and 
superalloys)..................- 74,148 
Miscellaneous and unspecified 1_ _ _ _ 15,411 
ll! zulu 22 8,828,227 


1 Includes tool steel. 
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STOCKS 


The following yearend columbium and 
tantalum materials (given in pounds) 
were reported in inventories: 


Material Dec. 81, Dec. 81, 
1968 1969 
COLUMBIUM 
metal............ 42,268 46,451 
Ingot. ecce Le p S 2 r 47,924 40,845 
CAD CC 177, „19 122,132 
Oxide. 679, 604 712,959 
Other compounds 16, 866 57 
. TANTALUM 
Primary metall 154,752 92, 288 
Capacitor-grade powder... 146, 295 123, 595 
A ls u Sul: r 172,199 89,067 
CAD s ER e r 188, 855 260, 935 
Gilde e 293,111 117, 963 
Potassium tantalum fluoride 
K3TaF:).............- 455,88 188 , 779 
Other compounds 44,040 48,846 
r Revised. 


Stocks of columbium and tantalum raw 
materials, as reported by consumers and 
dealers at yearend 1969, were as follows 


(in short tons— 1968 figures in paren- 
theses): Columbite, 432 (1,020); tanta- 
lite, 2,147 (1,972); pyrochlore, 392 (464); 
tin slag, 30,397 (31,981); and other, 226 
(233). 

Consumer inventories of ferrocolumbium 
and ferrotantalum-columbium, as of De- 
cember 31, 1969, were as follows (with 
1968 yearend stocks in parentheses) : Ferro- 
columbium, 849,189 pounds contained 
columbium plus tantalum (Cb 4 Ta) 
(561,013); and ferrotantalum-columbium, 
15,736 pounds contained (Cb + Ta) 
(16,800). Producer stocks of ferrocolum- 
bium at yearend 1969 were 1,168,000 
pounds contained Cb (1,194,300) ; producer 
stocks of ferrotantalum-columbium were 
withheld to avoid disclosing individual 
company confidential data. 


PRICES 


Prices for columbite ores, as reported by 
Metals Week, increased during the year. 
Columbite ore, cif. U.S. ports increased 
from 50.80-50.89 per pound of contained 
pentoxides for material having a Cb20; to 
TasOs ratio of 10 to 1 at the beginning of 
1969 to $1.12-$1.17 per pound at yearend. 
Columbite was reportedly sold at a dis- 
count under long-term contracts. The 
prices were subject to negotiation and no 
quotations were published. The quoted 
price of Brazilian pyrochlore concentrate, 
Lob, shipping point, remained constant 
during the year at $0.995 per pound of 
Chat The price of Canadian pyrochlore 
concentrate, f.o.b. mine or mill, increased 
from $0.92-$0.98 per pound to $1-$1.05. 
The price for tantalite ore and concen- 
trate, 60-percent basis, at the yearend was 
$6.75-$7.50 per pound "Taste, cif. U.S. 
ports, as compared to $5.50-$7.50 at the 
beginning of the year. The contract price 
for Canadian tantalite concentrate, 50-per- 
cent basis, at the yearend was $7 per 
pound of contained Ta2Os. 


The quoted price for various grades of 
ferrocolumbium per pound of columbium 
content, ton lots, f.o.b. shipping points, at 
the beginning of the year were as follows: 
Low alloy, standard grades, $2.45 to $2.60; 
and high-purity grades, $3.82 to $4.50. 
Quotation at  yearend increased to 
$2.05-$3.52 for the low-alloy grades and 
$4.28-$5.53 for high-purity grades. 

Through November, tantalum metal was 
quoted at $32 to $46 per pound for pow- 
der, $36 to $60 per pound for sheet, and 
$40 to $52 per pound for rod. In Decem- 
ber these prices were quoted at $26 to $36, 
$36 to $60, and $35 to $50, respectively. 

Throughout the year the price of colum- 
bium metal remained unchanged. Colum- 
bium-powder roundels, 99.5-to 99.8-percent 
purity, were quoted at $11 to $22 per 
pound for metallurgical-grade material and 
at $12 to $23 per pound for reactor-grade 
material. Columbium ingots were quoted 
at $16 to $27 per pound for metallurgical- 
grade material and at $17.50 to $28 per 
pound for reactor-grade material. 
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Table 7.—Average grade of imported concentrate received by U.S. consumers and 
dealers in 1969 by country of origin 


(Percent of contained pentoxides) 


Country of origin 


Cb:20s 
ATQONUING ee Sen 
A; ⁵ ²⅛˙¹wmm ⁰⁰⁰⁰ ⁰;u a E SENS 
Belgium. 2.522299 8 SUM 
BFF!!! aa 5 
UU] ³˙¹iA Sooo foe o S s ss decens 
e . REM 52 
Congo (Kinshasa) 1......................- moe 
Germany, West h e 55 
Mala Vela fone d Eheim eam Eur E 64 
Mozambique N 
, . ma 65 
%½yW;;XXTTrr y y Sus 45 
e ----------------------------- 55 
South Africa, Republic of. SEN 
cl ·ĩ˙¹i A EA yz 
hailand ee Sus 


1 Excludes tin slag. 


Columbite Tantalite 
Ta20s Ratio Ta:0s CbꝛOs 
SEN eit 86 80 
spss ass 93 44 29 
E e 80 28 
0.054 1,019:1 48 19 
TE EN 40 30 
004 1,800:1 56 .021 
PRA RE 43 88 
15 8.7:1 NER ar 
16 4:1 40 71 
3 NM 10 64 
7 9.3:1 31 49 
.007 643:1 ADOS SCHER 
16 8.4:1 EE ¿S 
rtm 40 47 
CE 94 87 
Ee 32 26 


2 Material reported from Brazil as columbite represents primarily pyrochlore. 


3 Contains pyrochlore and columbite. 


* Material reported as tantalite is primarily columbite. 


FOREIGN TRADE 


Most of the exports of columbium and 
tantalum were to Western Europe, Japan, 
and Canada. Tantalum powder, which was 
the largest export item by value, was des- 
tined for West Germany (31 percent), the 
United Kingdom (18 percent), Japan (16 
percent), Austria (12 percent), Canada (7 
percent), France (5 percent), the Nether- 
lands (5 percent), and Italy (4 percent). 
The remainder of the tantalum powder 
exported (2 percent of the total) was des- 
tined for Switzerland, Sweden, Uruguay, 
Belgium-Luxembourg, India, Yugoslavia, 
and Iran. Wrought tantalum and tantalum 
and tantalum alloys, which accounted for 
the next largest value item, were exported 
as follows: Belgium-Luxembourg (48 per- 
cent), France (12 percent), the United 
Kingdom (10 percent), Japan (10 per- 


cent), West Germany (8 percent), and 
Canada (6 percent). The remainder (to- 
taling 6 percent) was exported to the 
Netherlands, Italy, India, Sweden, Mexico, 
Argentina, Australia, Poland, Chile, Tai- 
wan, Venezuela, and the. Republic of South 
Africa. Unwrought tantalum metal and al- 
loys in crude form and scrap were. ex- 
ported to the United Kingdom (25 
percent), Japan (25 percent), West Ger- 
many (42 percent), Sweden (2 percent), 
Canada (5 percent), and Belgium-Luxem- 
bourg, and Italy (1 percent). Tantalum 
ore and concentrate, believed not to be of 
domestic origin, was shipped to Austria 
(26 percent), Japan (21 percent), United 
Kingdom (34 percent), West Germany (13 
percent), France (5 percent), and Canada 
(1 percent). 


Table 8.—U.S. exports of columbium and tantalum, by classes 
(Thousand pounds, gross weight, and thousand dollars) 


Class 


Columbium and columbium alloys, unwrought, and waste and 


BOTNDSAncunoonacicodcode 8 
Columbium and columbium alloys, wrought......... 
Tantalum ores and concentrates . 
Tantalum and tantalum alloys, wrought............- 
Tantalum metals and alloys in crude form and scrap... 
Tantalum and tantalum alloy powder 


1968 1969 

Quantity Value Quantity Value 
8 2 $28 5 $94 
NT 6 263 86 507 
out 65 142 85 857 
PS 18 727 29 1,891 
ENEE? 93 1,030 95 904 
Et 84 2,668 100 2,952 


COLUMBIUM AND TANTALUM 


Imports of unwrought columbium alloy, 
all from West Germany, totaled 5,119 
pounds valued at $7,823. Imports of un- 
wrought columbium metal, waste, and 
scrap, totaling 66 pounds valued at $1,336, 
were received from West Germany (62 
percent) and Switzerland (38 percent). A 
small quantity of wrought columbium to- 
taling 28 pounds valued at $2,252 was im- 
ported from the United Kingdom (61 per- 
cent) and France (39 percent). Imports 
for consumption of unwrought tantalum 
metal, including waste and scrap, decreased 
34 percent during the year to 10,889 
pounds, tantalum content, valued at 
$58,653. This material was imported from 
the United Kingdom (40 percent), France 
(40 percent), Belgium-Luxembourg (14 
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percent), Canada (5 percent), and West 
Germany and Switzerland (1 percent) . Im- 
ports of unwrought tantalum alloys, all 
from West Germany, decreased to 56 
pounds valued at $1,982 during the year. 
A very small quantity of wrought colum- 
bium totaling 4 pounds valued at $270 was 
imported from the United Kingdom. 


Table 9.—Receipts of tin slags reported 
by consumers 


(Thousand pounds) 
Year Gross CbsOs Ta20s 
weight content content 
196777 28,918 2,902 1,572 
1968 8,709 541 510 
1969. 8,827 649 458 


Table 10.—U.S. imports for consumption of columbium-mineral concentrates 
by countries 
(Thousand pounds and thousand dollars) 


1967 
Country 

Quantity Value 
Ahh adic. m 
Argentina 11 317 
Australia 1 4 
Belgium - Luxembourg 11. 33 111 
Brazil... A zs rau 8,536 1,963 
Burundi-Rwanda........... 15 47 
Canada. . ...  . Eno dV RE 891 482 
Congo (Kinshasa). ......... 66 189 
G. x S este ë debe 
Germany, West 80 22A 
KOhUyR. de ee, demos m 
Malagasy Republic. ........ 7 9 
Malaysia. 202 272 
Mosambioue ..---------- 11 19 
Netherlands .. 
Nigeria 2,519 1,848 
Portugal.........- EOD ee 18 29 
Rhodesia, Southern......... 8 18 
Eege lla | mx A 
Uganda 4 5 
United Kingdom 18 15 
Western Africa, n. e. e 11 19 
o AES 7,431 5, 266 


1968 1969 
Quantity Value Quantity Value 
88 $94 22 $42 

2 „ 
Mon — LO 4 72 
2.168 1,848 2.462 1,440 
8 12 48 62 

295 157 920 478 
207 542 90 182 

7 ZEN 

6 b 
WI 122 59 49 
18 84 4 7 

18 19 69 48 
787 481 428 267 
16 ee Se 

8 ll 2.  ..... 

9 26 20 97 

7 6 8 2 
3.657 2,848 4,161 2.681 


1 Presumably country of transshipment rather than original source. 
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Table 11.—U.S. imports for consumption of tantalum-mineral concentrates 
by countrics 
(Thousand pounds and thousand dollars) 


1967 
Country 

Quantity Value 
Argentina 3 $17 
Australia 58 211 
EE let 60 244 
Brazil. secs s: eg 856 1,668 

Burundi-Rwanda........... 45 18 
r. eee eee 
Central African Republic. ... 5 82 
Congo (Kinshasa) 818 798 
Cyprus 22292525 mdr . ĩ eea 
Germany, West. 
Kenya.. .---------------- 21 53 
Malagasy Republic 15 28 
Malaysia 33 106 
Mozambique............... 241 988 
Netherlands 1. . ............ 42 86 
Niere. 135 283 
Portugal... : u; sl ewes 99 262 
Rhodesia, Southern 41 183 
South Africa, Republic of 18 98 
GEESS, 11 87 
Tanseahlal. eco, 
Thailand. ...-............- 138 212 
Uganda 24 67 
Western Africa, n.e. c 17 56 
Totaal! 1, 675 5,510 


1968 1969 
Quantity Value Quantity Value 
7 $205. — “¿Luz «bee 
71 247 75 $170 
15 42 80 97 
842 1,472 253 767 
62 14 31 47 
hacas. uer 220 1,195 
EZ. 845 179 394 
22 108 NOE M 
5 9: —  ) Rem. Wene 
15 10 25 15 
306 869 77 350 
41 65. eer, ee 
20 77 8 28 
24 T6 ° — . c2 
17 7700 ë eue 
14 25 19 86 
14 80 27 40 
Ee ee 9 22 
Senes O SOR 22 40 
12 ( ie 
1,280 4,164 975 3,196 


1 Presumably country of transshipment rather than country of origin. 


Table 12.—U.S. import duties 


Tariff Rate of duty per pound ! 
classification Article 
number Effective Jan. 1, 1969 Effective Jan. 1, 1970 
601.21 Columbium concentrate Fret MCN mur mw RUN Free. 
601.42 Tantalum concentrate „0 ĩͤ (v0 8 Do. 
607. 80 Ferrocolumbium and ferrotanta- 
lum-columbium. .............- 8 percent ad valorem. .... 7 percent ad valorem. 
Columbium: 
628.15 Unwrought, waste and scrap. % MENU Do. 
628.20 Wrought................-. 14 percent ad valorem.... 12.5 percent ad valorem. 
628.17 Unwrought Cb alloys. .....- 12 percent ad valorem. .. 10 percent ad valorem. 
Tantalum: 
629.05 Unwrought, waste and scrap. 8 percent ad valorem 7 percent ad valorem. 
629.10 Wrought............-....- 14 percent ad valorem. ... 12.5 percent ad valorem. 
629.07 Unwrought Ta alloys. ...... 12 percent ad valorem. .. 10 percent ad valorem. 
423.00 Columbium and tantalum chemi- 


cals 


8 percent ad valorem. .... 


7 percent ad valorem. 


1 Not applicable to Communist countries. 


WORLD 


Australia.—Greenbushes Tin N.L. re- 
vealed plans to spend $120,000 for mining 
operations at the Greenbushes tin-and tan- 
talum-bearing pegmatite deposit. Geologi- 
cal investigation of the property revealed a 
3-mile-long pegmatite carrying low-grade 
values in serpentine rocks. 

Vulcan Minerals Ltd. completed a suc- 
cessful test-drilling on one of its leases at 
Bridgetown, Greenbushes, Western Aus- 
tralia. The drilling indicated a proved 
tin-tantalum deposit of 140,000 cubic yards 
with an additional inferred reserves of 


REVIEW 


816,000 cubic yards, ‘The company reported 
completion of its new plant designed to at- 
tain a five-fold increase in production ca- 
pability of 1,700 pounds per week of tin- 
tantalite concentrate. 

Brazil.—There was continued strong 
demand for Brazilian columbium concen- 
trate in 1969. Companhia Brasileira de 
Metalürgia e Mineração (CBMM), which 
is 33-percent owned by Molybdenum Cor- 
poration of America continued to be the 
world's largest producer of columbium 
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concentrates. It produced 11.3 million 
pounds of columbium oxide contained in 
concentrate, more than double the 1968 


production. The mine, located near Araxá, 
is a large deposit of high-grade pyrochlore 
containing over 4 percent Cb2Os. 


Table 13.—Production of columbium and tantalum mineral concentrates | 
by countries 1 2 


(Pounds, gross weight) 
1967 1968 1969 » 
Country 3 ES 
Columbium Tantalum Columbium Tantalum  Columbium Tantalum 
Argentina 55811. T NA 
purea tee 79,587 281,184 e 95,000 
il: 
Columbite-tantalite*.. 1 228,769 1 451, 781 138,428 598, 828 NA NA 
Pyrochlore........... 10,198,572 . ........ 1, 899 19,098,628 
Canada: Pyrochlore _ _ __ r 4, 318, 850 4,862, 943838 6,020, 8 17 
Congo (Kinshasa) .. 100, 489 249, 122 e 220,462 
French Guiana........... e 
Ivory Coast... J... l...  1 eege 1,893 465 
Malagasy Republic. ...... 148 2,985 NA 
Malaysia r 194,884 114, 199 e 132,000 
Mozambique: 
Columbite-tantalite. . . r 195,204 185,906 e 182,000 
Microlites: eeneg dee r154,844 _ LL 199987555 8 NA 
igeria.....------------- 4,809,752 42,558 2,527,817 25, 133 8,840,065 13,851 
Portugal 3. , 865 455 e 20,900 
Rwanda 69,225 61,729 48,502 
South Africa, Republic ot 1,028 __. . . . . . 39,6;888 e 18,000 
Thailand 101, 412 88,185 57,920 
Uganda................. 59, 768 19,842 N 
Total?...........- r 20,551,540 19,844,052 29,192,505 
e Estimate. P Preliminary. r Revised. NA Not available. 


1 Excludes columbium and tantalum-bearing tin slag. 

2 When the content of neither Cb20s nor Ta:0; predominates, or when insufficient identification is available, 
the producion figure is given in the-center column under each year. 

3 Columbium and tantalum mineral concentrates are also produced in Spain, South-West Africa, Southern 
anoc ans and the U.S.S.R., but quantitative data are not available. 

xports. 

s In addition, Congo (Kinshasa) produces tin-tantalum-columbium concentrate; 1968 output was 176,370 
pounds containing about 10 percent combined Ta: Os + Chat, 

* As reported. Trade data s t actual output may be greater than reported. 

7 Total is of listed figures in all three columns under each year. 


Canada.—St. Lawrence Columbium and 
Metals Corp. continued to be Canada's sole 
columbium producer in 1969. It produced 
pyrochlore concentrates containing 3.5 mil- 
lion pounds of columbium pentoxide from 
its underground mining operations near 
Oka, Quebec. The milling rate increased 
from an average of 39,600 tons per month 
in the beginning of 1969 to an average of 
54,100 tons during the last quarter. By 
yearend the mill capacity was reportedly 
increased to 60,000 tons per month. St. 
Lawrence indicated that it anticipated pro- 
duction of 4,500,000 pounds of columbium 
pentoxide during the fiscal year beginning 
September 1969. 

Tantalum Mining Corporation of Can- 
ada Ltd. (TMCC), the only commercial 
tantalum mine in North America, started 
operation of its 500-ton-per-day mill in 
September 1969. The flat-lying pegmatite 
sill containing tantalite is located at Bernic 
Lake, about 120 miles northeast of Winni- 


peg, Manitoba. The deposit is worked by 
underground methods. It is reported that 
the size of the pegmatite is at least 3,500 
feet long and 1,500 feet wide with a maxi- 
mum thickness of 280 feet. The tantalite- 
bearing zone of the pegmatite is in the 
medial portion of the sill. The ore reserves 
are reportedly estimated at 1,900,000 tons 
grading 0.23 percent tantalum oxide. By 
yearend the mill was reportedly operating 
at close to its 500-ton-per-day rated capac- 
ity. The processing scheme involves gravity 
concentration and low-intensity magnetic 
separation. It is reported that tests have 
indicated that the mill would recover 
about 70 percent of the tantalum oxide 
contained in the ore. The concentrate was 
reportedly sold at a price of $7 per pound 
of tantalum pentoxide in 50-percent-plus 
concentrate, Lob, mine. TMCC is owned 
by Goldfield Corp. (60 percent) and 
Chemalloy Minerals Ltd. (40 percent). 
Congo (Kinshasa).—Sociéte Miniére-Un- 
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ion Carbide-Somikubi (SOMUCAR), a 
joint venture of Union Carbide, Belgian 
interests, and the Government of the Dem- 
ocratic Republic of the Congo announced 
plans for the development of a columbium 
ore body (pyrochlore). The deposit, lo- 
cated at Bingo in Kivu Province, report- 
edly has proven ore reserves of 2.3 million 
tons containing 3.6 percent columbium 
pentoxide to depths of 25 meters. Probable 
ore reserves are estimated at 4.8 million 
tons grading 2.4 percent columbium pen- 
toxide. The mine is expected to be in pro- 
duction early in 1970. 
Mozambique.—Columbo-tantalite ore was 
mined principally in the District of Zam- 
bezia near Ile, Alto Nolocue, Maganja da 
Costa, and Nocuba. The best ore is report- 
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edly found in the mineralized pegmatites 
of Alto Ligonha. Over the years columbo- 
tantalite has generally ranked fourth in 
value among the minerals mined in Mo- 
zambique. The columbium-tantalite was ex- 
ported mostly to the United States and the 
United Kingdom. 

Nigeria.—In response to increased de- 
mand and rising prices Nigeria's 
production of columbite rose from 94.66 
tons in January to 162.32 tons in Decem- 
ber. Nigeria continued to rank third (be- 
hind Brazil and Canada) in columbium 
production. The local price reportedly rose 
from approximately 150-160 shillings (ster- 
ling) to more than 200 shillings (sterling) 
per long ton for high-grade material dur- 
ing the year. 


TECHNOLOGY 


Studies of columbium-bearing materials 
were continued by the Bureau of Mines. 
The effects of the microstructure on super- 
conductivity in the columbium-hafnium 
system were studied.? It was found that in 
the absence of an external magnetic field, 
the current-carrying capacity of columbium 
was greatly reduced with addition of up to 
85 weight-percent hafnium. 

Alloys in wire and rod form were evalu- 
ated by critical temperature, critical cur- 
rent, magnetization, resistivity measure- 
ments, and optical and electron 
microscopy. Elevated-temperature, electri- 
cal-resistivity measurements were made on 
arc-melted, spin-cast, and hot-pressed co- 
lumbium carbide-carbon (CbC-C) up to 
2,0009 C.3 

Tetragonal silicides of columbium and 
tantalum were investigated for the pres- 
ence of a superconducting transition 
temperature.* These compounds containing 
up to 37.5 atomic percent silicon were 
found to become superconducting at tem- 
peratures near 7.5? K. 


A report on the sampling and evaluation 
of tantalum-bearing pegmatite dikes, con- 
ducted by the Federal Bureau of Mines 
during the summer of 1963 in the Rociada 
area of Mora and San Miguel Counties, N. 
Mex. was published.5 Eleven dikes, in an 
area of about 4 square miles, were 
stripped of overburden and sampled at 
regular intervals. Samples were also col- 
lected from an existing adit, shaft work- 
ings, and an open cut. 


2 Siemens, R. E., L. L. Oden, and D. K. Dear- 
dorff. Effect of Microstructure on Superconduc- 
tivity in the Columbium-Hafnium System. Bu- 
Mines Rept. of Inv. 7258, 1969, 29 pp. 

3 Paulson, Denton L., and Gene Asai. Electrical 
Resistivity of Hyperstoichiometric Columbium and 
Zirconium Carbide Materials at Elevated Temper- 
atures. BuMines Rept. of Inv. 7289, 1969, 30 pp. 

4 Deardorff, D. K., R. E. Siemens, P. A. Romans, 
and R. A. McCune. New Tetragonal Compounds 
NbsSi and TasSi. J. Less Common Metals, v. 18, 
No. 1, May 1969, pp. 11-26. 

5 Sheffer, Herman W., and Louis A. Goldsmith. 
Tantalum Project. Rociada, New Mexico. State 
Bureau of Mines and Mineral Resources, New 
Mexico Institute of Mining and Technology, 
sororia; N. Mex., Miner. Res. Rept. 2, 1969, 

pp. 


Copper 


By Harold J. Schroeder 1 and John W. Cole 


Increases in production were posted by 
most of the major copper-producing coun- 
tries of the world with the exceptions of 
Canada, where a long labor strike in the 
nickel mining industry reduced the copper 
output, and Peru, where a 42-day labor 
strike at Southern Peru Copper Corp. re- 
duced copper output. Domestic mine, 
smelter and refinery production was essen- 
tially uninterrupted and production of 
copper from primary and secondary sources 
was the highest in history. 

Legislation and Government Programs. 
—The quantity of copper in the national 
stockpile, on December 31, 1969, was 60,112 


Operator Property 
J. Howard Simms, Salmon, 
dah 


o 
Western States Minerals, 
Inc., Riverton, Wyo. 


Colorado Geneva Industries, 
Carbondale, Colo. 


County, Idaho. 


Juab, Utah 


Export controls on copper products con- 
tinued through 1969. The quota on refined 
copper from domestic primary sources was 
50,000 tons and on scrap was 60,000 tons 
of contained copper. Set-asides of refined 
copper for defense purposes were 16 per- 
cent of the base period at the start of the 


Pope-Shenon mine, Lemhi 


Crown Point & East Crown 
Point Claims, Utah and 


Copper King, Gunnison, Colo. Copper and 


tons of oxygen-free,  high-conductivity 
(OFHC) copper, 7,085 tons of copper in 
beryllium-copper master alloy, and 193,286 
tons of copper in the “other” classification 
for a total of 260,483 tons, 33 percent of 
the objective of 775,000 tons. During 1969, 
about 8,000 tons of the “other’’ classifica- 
tion copper was released to Government 
agencies. | 

The U.S. Office of Minerals Exploration 
(OME) continued to offer up to 75-per- 
cent Government participation in the au- 
thorized cost of exploration for copper 
deposits. Three participating contracts 
were executed during 1969 as follows: 


Commodity Estimated Government 

total cost duris 

Copper $85,700 $42,850 

Silver, copper, 288,230 75,025 
gold 

84,360 21,475 


silver. 


year and 14 percent at yearend. The per- 
centage depletion rate on foreign produced 
copper was lowered from 15 to 14 percent, 
effective October 9. The 15 percent rate 
was retained on domestic copper mines. 


1 Physical Division of Nonferrous 


Metals. 


scientist, 
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Table 1.—Salient copper statistics 
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1965 1966 1967 1968 1969 
United States: 
Ore produced. thousand short tons 173, 286 186, 966 127, 066 170, 054 223,752 
Average yield of copper, percent. . 0.70 0.67 0.68 0.60 0.60 
Primary (new) copper produced— 
ess domestic ores, as reported 
Mines n short tons.. 1,351,734 1,429,152 954,064 1,204,621 1, 544, 579 
Value thousands.. $957,028 $1,083, , 850 $729,401 $1,008,195 $1,468,400 
Smelters........ short tons.. 1,402,806 1,429, , 868 841,343 1,284,724 1,547,496 
Percent of world total 28 24 14 19 21 
Refineries....... short tons. 1, 835, 660 1,353, 087 846,551 1,160,925 1,468,889 
From foreign ores, matte, etc., as 
reported by refineries 
short tons 376, 133 357, 897 286 , 481 276,461 278 ,926 
Total new refined, domestic and 
foreign. ........ short tons.. 1,711,798 1,710,984 1,182,982 1,487,886 1,742,815 
Secondary copper recovered from old 
* ROAD: only... . short tons 518 , 486 534,860 482, 659 520,772 574, 890 
xpo 
Metallic copper do- 879,498 819,814 221,066 818 , 741 241,254 
Refined................. do.... 824,965 219,071 159,853 240, 745 200, 269 
8 general: 
Un manufactured do- 528,141 594, 704 649, 227 709, 975 414,057 
Refined. ............-..- do 187 , 448 164,828 330, 571 400, 278 131,171 
Stocks Dec. 81: Producers: 
fined.. .-..----------- S 85,000 48,000 21,000 48,000 89,000 
Blister and materials in solution 
short tons 246,000 270, 000 220, 000 272, 000 291,000 
Total... eain do 281, 000 318, 000 247, 000 320, 000 330, 000 
Withdrawals | (apparent) from total 
ply on domestic account: 
imary copper......short tons.. 1,526,000 1,598,000 1,820,000 1,576,000 1,683,000 
Primary and old copper (old 
scrap only)-. --- short tons. 2, 089, 000 2,128,000 1,808,000 2,097,000 2,258,000 
Price: Weighted average, cents per 
DOUNG@ see c eee ees 22.29 2225 85.4 36.6 88.6 42.2 47.9 
World: 
Production: 
ITT EZ 252 short tons. 5,549,074 5,800,841 5,551,797 6,012,100 6,612,276 
Smelter.. rola do.... 6,104,622 6,128,899 5,922,806 6,805,050 7,292,717 
Price: London, average cents per 
e na 58. 52 69.04 51.19 56.13 66.24 


DOMESTIC PRODUCTION 


PRIMARY COPPER 


Mine Production.—The copper mining 
industry in the United States operated the 
full year with only minor interruptions. 
Record production was reached by most 
operating mines, and expansions of pro- 
ducing facilities led to an alltime record 
output. Production at the Tyrone, N. 
Mex., mine of Phelps Dodge Corp. started 
early in the year and achieved capacity 
output by yearend. The Twin Buttes mine 
in Arizona, operated by The Anaconda 
Co., started production in October and was 
producing at about two-thirds capacity at 
yearend. The Duval Sierrita mine in Ari- 
zona, owned and operated by  Penzoil 
United Corp. was nearing production at 
yearend. Operations at the Calumet & 
Hecla copper-producing complex in north- 


ern Michigan were closed permanently 


after having been interrupted by a labor 


strike starting in August 1968. The Lake- 
shore mine in Arizona, owned equally by 
El Paso Natural Gas Corp. and Hecla 
Mining Co. and operated by Hecla, was 
under development. Two inclines were 
started to reach a deep ore body that will 
be mined by underground methods while 
an open pit mine is being developed. New- 
mont Mining Corp. increased production 
at the San Manuel mine in Arizona on the 
basis of doubled ore reserves achieved by 
acquisition of the Kalamazoo ore body in 
1968. The company announced plans to 
build a  200,000-ton-per-year electrolytic 
copper refinery at San Manuel to produce 
continous-cast wire rod. The refinery is to 
start production in 1973, when it is antici- 
pated that the company's production from 
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properties at Superior and San Manuel 
will be sufficient to provide the anodes 
needed for the refinery. The Anaconda Co. 
increased production from the Berkeley pit 
in Butte by reactivating the mill at Ana- 
conda to treat 22,000 tons of ore per day, 
which with the 34,000 tons per day treated 
at the Butte mill, raised its total milling 
rate to 56,000 tons of ore per day. 

Arizona, Utah, New Mexico, Nevada, 
and Michigan produced at record levels. 
Montana was the only major producing 
State that produced less than in 1966. Ari- 
zona was first with 52 percent of mine 
production followed by Utah, New Mexico, 
Nevada, and Montana with 19, 7, 6, and 6 
percent, respectively. These five States ac- 
counted for 90 percent of the total produc- 
tion. 

In order to provide better coverage of 
the increasingly important copper leaching 
recovery process, copper precipitates 
shipped are tabulated separately in table 
11 instead of being footnoted in table 8 as 
in prior years. Data on ore leached and 
the recoverable copper content, heretofore 
included in table 8 under ore shipped or 
concentrated" and "recoverable copper con- 
tent," also are tabulated in table 11. 

In order for 1969 quantities to be com- 
pared with previous years, table 7 has 
been added to show mine production of 
recoverable copper by method of treat- 
ment. 

The copper content of shipments of pre- 
cipitated copper from dump and in place 
leaching was 165,000 tons, 12 percent 
higher than that of 1968 and equal to 11 
percent of recoverable mine production. 
The total copper recovered by precipita- 
tion with iron was about 207,000 tons. 

Smelter Production.— Total output of 
copper at primary smelters in the United 
States was 1.7 million tons, up 23 percent 
from 1968 production. 

Refinery Production. — Production of re- 
fined copper from all materials processed 
at primary refineries was a record 2,156,000 
tons, an increase of 20 percent from 1968, 
but only 7,000 tons more than the pre- 
vious record established in 1966. Refined 
copper produced at secondary plants was 
78,000 tons compared with 73,000 tons in 
1968. The total production of refined cop- 
per produced from scrap in the United 
States was 491,000 tons, equal to 22 per- 
cent of total refined copper production. 
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Copper Sulfate.—Copper sulfate was pro- 
duced from primary and/or secondary 
metal by companies with plants located as 
follows: 


Company Plant location 
The Anaconda Company Great Falls, Mont. 
Chevron Chemical Co......... Richmond, Calif. 
Cities Service Coo Copperhill, Tenn. 
Phelps Dodge Refining Corp... Laurel Hill, N. V., 
El Paso, Tex. 
The Sherwin-Williams Co Cleveland, Ohio 


Van Waters & Rogers, Inc., Wallace, Idaho 
English & Bagby Co. Division. Midvale, Utah 
eege Falls, 
asn. 


Copper sulfate production and shipments 
increased 15 and 13 percent, respectively, 
on those of 1968, but were below the high 
levels established in 1966. Stocks at year- 
end were equal to 1 month's shipments. Of 
total shipments of 49,500 tons, producers' 
reports indicated that 21,000 tons was for 
agricultural uses, 26,200 tons was for in- 
dustrial uses, and 2,300 tons was for other 
uses (chiefly exports) . 

Byproduct Sulfuric Acid.—Sulfuric acid 
produced from the sulfur contained in 
off-gases from copper smelters increased 21 
percent from that of 1968 as a result of 
added acid-producing capacity at several 
copper smelters. 


SECONDARY COPPER AND BRASS 


Recovery of copper in the United States 
in alloyed and unalloyed products from all 
classes of purchased scrap was a record 1.38 
million tons, 13 percent more than that of 
1968. Copper recovered in all forms from 
copper-based scrap also increased 13 per- 
cent to a record 1.36 million tons. The 
largest increase (20 percent) was attrib- 
uted to primary copper producers; recovery 
by secondary smelters and brass mills in- 
creased 6 and 15 percent, respectively. 

Consumption of purchased copper-base 
scrap was 1.9 million tons, an increase cf 
14 percent from that of 1968. Use at sec- 
ondary smelters increased 7 percent to 
482,000 tons, of which 75 percent was old 
scrap. Primary producers used 621,000 tons, 
a 2l-percent increase from that of 1968, 
and brass-mill consumption rose to 695,000 
tons, an increase of 17 percent. Foundries 
and other plants used 94,000 tons com- 
pared with 103,000 tons in 1968. 
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CONSUMPTION 


Apparent withdrawals of primary refined 
copper totaled 1.7 million tons, 7 percent 
more than in 1968. Actual consumption of 
refined copper was 2.1 million tons, an in- 
crease of 14 percent from that of 1968. 
Consumption of refined copper is based on 
consumers' reports of quantities entering 


processing with no adjustments for changes 
in stocks. 

As far as it is possible to ascertain, only 
new or primary copper is included in table 
27, but table 28 includes all refined cop- 
per, from secondary as well as primary 
sources. 


STOCKS 


Fabricators’ stocks of refined copper, in- 
cluding in-process metal and primary fabri- 
cated shapes, were 502,000 tons at year- 


end, a decrease of 2 percent from the. 
beginning of the year. 


PRICES 


The domestic producer price for refined 
copper was raised from 42 to 44 cents per 
pound early in January 1969; it was raised 
to 46 cents per pound in May, to 48 cents 
in August, and to 52 cents per pound in 
September, where it remained unti] year- 
end. The quantity of copper available at 
domestic producer prices was inadequate 
for total demand; consumers were forced 
to purchase copper on the open markets 
for the remainder of their requirements. 


FOREIGN 


U.S. exports of copper in ore, concen- 
trates, and matte totaled 1,200 tons com- 
pared to 65,000 tons in 1968, when the do- 
mestic copper industry strike forced some 
producers to ship their concentrates abroad 
for smelting. Exports of blister copper de- 
clined from 16,000 tons in 1968 to 4,000 
tons. Exports of refined copper and semi- 
manufactures were 237,000 tons, down 20 
percent from those of 1968. 

Exports of copper-base alloy were down 
4 percent to 95,000 tons; exports of unal- 
loyed copper scrap were 7,600 tons com- 
pared with 34,100 tons in 1968; exports of 
copper alloy scrap were 78,300 tons, down 
9 percent from those of 1968. 


The open market price and the New 
York Commodity and Mercantile Ex- 
change's prices paralleled prices on the 
London Metal Market and were substan- 
tially above the domestic producers price 
throughout the year. The average monthly 
spot price on the London Metal Exchange 
increased fairly constantly from $0.566 per 
pound in January to $0.769 per pound in 
December. 


TRADE 


U.S. imports of copper (unmanufac- 
tured) were 408,000 tons, down 43 percent 
from those of 1968. Chile and Peru each 
supplied 30 percent and Canada supplied 
23 percent; these three countries ac- 
counted for 83 percent of total imports 
compared to 63 percent of the total in 
1968. Imports for consumption of refined 
copper were 131,000 tons compared with 
404,000 tons in 1968. Imports for consump- 
tion of blister copper were 242,000 tons, 
down 12 percent from those of 1968. Im- 
ports for consumption of unalloyed copper 
scrap were 5,900 tons, down 49 percent 
from those of 1968. 


WORLD REVIEW 


Encouraged by continuing high demand 
and consequent high. prices, world mine 
production of copper reached a record 
high. The United States increased copper 
mine production 340,000 tons, 28 percent 


over that of 1968, when the copper indus- 
try labor strike of 1967-68 cut back out- 
put. Most countries posted substantial in- 
creases in mine production; major 
producing countries with increases include 
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Poland, and Yugoslavia with, respectively 
80, and 27-percent increases. The Philip- 
pines and Australia each reported 19-per- 
cent increases in production. The Congo 
and Zambia each reported 12-percent in- 
creases. Nicaragua reported a 64-percent 
decrease. Canada's production was 13 per- 
cent less than in 1968 because of the labor 
strike in the nickel mining industry, and 
Peru's output was below that of 1968 be- 
cause of a 42-day labor strike at Southern 
Peru Copper Corp. 

The first Conference of Ministers of the 
Intergovernmental Council of Copper Ex- 
porting Countries (CIPEC) was held dur- 
ing the latter half of November at Lima, 
Peru. The member countries are Chile, 
Peru, Zambia, and Congo (Kinshasa). 
Among agreements reached at the Confer- 
ence was one aimed at increasing produc- 
tion in all member countries in order to 
meet growing world demand. 

Exploration and development activity 
continued at a high rate. The willingness 
of the Japanese copper smelting industry, 
backed by the Japanese Government, to 
enter into long-term purchase contracts for 
copper concentrates was an important fac- 
or in obtaining financing for many new 
mines in various countries. Japanese compa- 
nies also were contenders for copper min- 
ing rights in many countries, notably in 
Sabah and Ecuador, where they were suc- 
cessful in obtaining exclusive concessions. 


Argentina and Panama were among 
small copper-producing countries who of- 
fered copper mining concessions for bid. 


Australia.—Australia's mine production 
of copper was 143,300 tons, up 19 percent 
from that of 1968. Mount Isa Mines Ltd., 
53-percent owned by American Smelting 
and Refining Company, produced 81,400 
tons of copper in the year ended June 30, 
1969, up from 53,900 tons produced the 
year before. 

High exploration activity throughout 
Australia included establishment of a new 
regional headquarters by The Anaconda 
Co. in the Mount Isa district of Queens- 
land where several areas are under investi- 
gation. Anaconda geologists also are ex- 
ploring large concessions in Western 
Australia under a joint working agreement 
with Conzinc Rio Tinto of Australia Ltd. 
(CRA). 

Kennecott Copper Corporation examined 
a copper prospect in the Territory of 
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Papua and New Guinea. The results were 
sufficiently encouraging to warrant a 
closely spaced drilling program in 1970. 
Called the Ok Tedi, the deposit is in an 
extremely remote location where the ter- 
rain, climate, and transporation involve 
difficult working conditions. 

Negotiations for financing the develop- 
ment of the Panguna copper ore deposit 
on Bougainville Island in the Territory of 
Papua and New Guinea were conducted 
successfully by Rio Tinto-Zinc Corp. Ltd. 
A loan of up to $246.4 million was agreed 
to by two banking syndicates headed by 
the Bank of America. A loan of $60 mil- 
lion will be advanced by seven Japanese 
smelting companies as advance payment 
for future copper concentrate deliveries. 
The remainder will be equity financing by 
Bougainville Copper shareholders. Bou- 
gainville Copper is two-thirds owned by 
Con Zinc Rio Tinto of Australia Ltd. 
(CRA) and one-third owned by New Bro- 
ken Hill Conolidated Ltd. CRA owns 31.6 
percent of New Broken Hill, and the Rio 
Tinto-Zinc Corp. Ltd., owns 85.1 percent 
of CRA. The Panguna ore body contains 
760 million tons containing 0.47 percent 
copper and about 0.02 ounces of gold per 
ton. Mining is planned to start in 1972 at 
the rate of 80,000 tons of ore per day. The 
Japanese smelter group has a contract to 
purchase 80,000 tons of copper in concen- 
trates annually. The West German firm 
Norddeutsche  Affinerie intends to buy 
52,500 tons of copper in concentrates per 
year, and the Rio Patino Company will 
buy 15,000 tons of contained copper per 
year for smelting at the new copper 
smelter it is building at Huelva, Spain. 

Canada.—Canadian mine production of 
copper decreased 13 percent to 551,427 
tons. The reduced output was largely the 
result of strikes at Gaspé Copper Mines, 
Ltd., The International Nickel Company 
of Canada, Ltd. (Inco.), and Falconbridge 
Nickel Mines, Ltd. Ontario produced ap- 


‘proximately 41.0 percent of the total, fol- 


lowed by Quebec with 28.3 percent, British 
Columbia with 14.6 percent, Manitoba 
with 6.6 percent, Newfoundland with 3.5 
percent, Saskatchewan with 3.2 percent, 
and the Yukon, New Brunswick, North- 
west Territories, and Nova Scotia with a 
combined 2.8 percent.? 

? Killan, A. F. The Canadian Mineral Industry 
in 1969, Preliminary. Canadian Dept. Mines and 


Tech. Surveys, Miner. Res. Div., Miner. Inf. Bull. 
MR 102, 1970, pp. 34-42. 
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A 3 month strike at Gaspé Copper 
Mines in Quebec resulted in reduction of 
smelter copper output from 61,100 tons in 
1968 to 49,400 tons in 1969. Yearend re- 
serves were 28 million tons of 1.34 percent 
copper at the Needle Mountain mine and 
28.7 million tons of 0.71 percent copper at 
the Copper Mountain mine. 

Deliveries of copper from the Ontario 
and Manitoba operations of Inco., were 
reduced 34 percent to 14,000 tons as a re- 
sult of a 128-day strike at the Ontario 
facilities. The company reported proven 
ore reserves at yearend to be 380 million 
tons containing 6.2 million tons of nickel 
and 3.9 million tons of copper. 

Ecstall Mining, Ltd. a subsidiary of 
Texas Gulf Sulphur Co., produced 184,000 
tons of copper concentrate from 3.6 mil- 
lion tons of lead-zinc-copper-silver ore 
mined from its open pit mine near Tim- 
mins, Ontario. Work began on a head 
frame for a 3,000-foot shaft to be com- 
pleted by late 1971 for underground min- 
ing to supplement surface-mining opera- 
tions. 

Hudson Bay Mining and Smelting Co. 
Ltd., milled 1.7 million tons of ore yield- 
ing 42,302 tons of refined copper plus 
quantities of zinc, cadmium, selenium, gold, 
and silver. Proven ore reserves at yearend 
were 18 million tons averaging 3.0 percent 
copper and 3.5 percent zinc. It is interest- 
ing to note that reserves were the highest 
since 1958 and approximately the same as 
listed in the company's first Annua] Re- 
port, 41 years ago. 

Sherritt Gordon Mines Ltd., continued 
operation of its Lynn Lake mine and de- 
velopment work at the Fox mine in Mani- 
toba. Initial production from the latter is 
scheduled for the second quarter of 1970. 
Reserves at yearend were 12.6 million tons 
of 0.77 percent nickel and 0.40 percent 
copper at Lynn Lake and 11.3 million tons 
of 1.96 percent copper and 2.74 percent 
zinc at the Fox mine to a depth of 2,000 
feet. A new discovery at Ruttan Lake had 
calculated reserves of 12.9 million tons 
grading 1.44 percent copper and 2.61 per- 
cent zinc to a depth of 400 feet which 
would be amenable to open pit mining. 

The Britannia mine in British Columbia 
yielded concentrates containing 6,583 tons 
of copper compared with 4,853 tons in 
1968. Development continued on a new ore 
body scheduled for production in October 
1970 with total output anticipated to be at 
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an annual rate of 10,000 tons. 

Progress at the Granduc copper property 
in British Columbia was seriously affected 
by 414-month labor strike, which ended 
after a new labor contract was signed 
effective June 25, 1969. 'The work stoppage 
delayed start of production from the prop- 
erty until probably late in 1970. The 
Granduc property is leased from Granduc 
Mines Ltd. by the Granduc Operating Co. 
(a wholly owned subsidiary of Newmont 
Mining Corp.) and American Smelting and 
Refining Co., in equal shares, with Gran- 
duc Operating Co. being the operator and 
manager. The lessees report that the esti- 
mated ore reserve has been increased from 
32.5 million tons of 1.93 percent copper 
to 43.3 million tons of 1.73 percent copper. 

Brenda Mines Ltd., completed stripping 
8.7 million tons of waste rock, construction 
of a concentrator, and other development 
work for initial December 1969 production 
from a large, low-grade, copper-molybde- 
num deposit in British Columbia. Rated 
mill capacity is 24,000 tons of ore per day. 
Reserves are 177 million tons averaging 
0.183 percent copper and 0.049 percent 
molybdenum. 

Financing was obtained for development 
of Lornex Mining Corporation Ltd.’s cop- 
per-molybdenum property in the Highland 
Valley of British Columbia. Six Japanese 
smelting companies and three trading com- 
panies agreed to supply US$26.5 million in 
return for a purchase contract for Lornex's 
entire output of copper concentrates for 12 
years to be smelted in Japan. The Japanese 
companies involved are Dowa Mining Co., 
Ltd.. Furukawa Mining Co. Ltd., Mitsubi- 
shi Metal Mining Co. Ltd., Mitsui Mining 
and Smelting Co. Ltd., Nippon Mining 
Co. Ltd., Sumitomo Metal Mining Co. Ltd., 
Mitsubishi Shoji Kaisha Ltd., Mitsui and 
Co. Ltd., and Sumitomo Shoji Kaisha Ltd. 
Three Canadian chartered banks agreed 
to provide Can$60 million secured by a 
first mortgage. The banks are the Canadian 
Imperial Bank of Commerce, the Toronto- 
Dominion Bank, and the Bank of Mon- 
treal. The balance of the required funds 
will be raised through the sale of income 
debentures and Lornex shares. Rio Algom 
Mines Ltd., a subsidiary of Rio Tinto 
Zinc Corp. Ltd., will own a controlling in- 
terest in Lornex after financing is com- 
pleted. The Lornex mine, expected to begin 
production in 1972, will be the largest base- 
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metal mine in Canada. The mill will con- 
centrate 38,000 tons per day of ore and will 
produce 160,000 tons of copper concen- 
trate and 2.5 million pounds of molyb- 
denum in concentrates. 

Negotiations continued toward develop- 
ment of the huge copper deposit underly- 
ing the boundary between Valley Copper 
Mines (controlled by Cominco) and Beth- 
lehem Copper Corporation Ltd. In Novem- 
ber, Grangesberg Company, Sweden's lead- 
ing metal enterprise, acquired a 15-percent 
interest in Bethlehem Copper Corp. The 
largest stockholder in Bethlehem Copper 
Corp. is Sumitomo Metal Mining Co. of 
Japan. 

Utah Construction & Mining Co. pro- 
ceeded with plans to develop its Island 
Copper Property, near Port Hardy, Van- 
couver Island, British Columbia. Produc- 
tion at the rate of 33,000 tons of ore per 
day and about 230,000 tons of copper con- 
centrates annually, plus a molybdenum by- 
product is expected to begin during the 
latter half of 1971. Concentrates will be 
sold to Mitsui Mining and Smelting Co. 
Ltd., Dowa Mining Co. and Mitsubishi 
Shoji Kaisha Ltd. for smelting in Japan. 
The purchase price for copper in concen- 
trates is based on the London Metal Mar- 
ket quotations, less smelting and refining 
charges, with an agreed floor price of $0.36 
per pound. 

Chile.—Copper output at the Chuqui- 
camata mine increased 2 percent to 312,157 
tons in 1969 despite a large landslide in 
the early part of the year which hampered 
operations. Production at El Teniente 
mine was 202,600 tons compared with 
174,100 tons in 1968, when production was 
adversely affected by smelter problems and 
a severe drought. Total Chilean output for 
the year was 786,716 tons, an increase of 
almost 5 percent. 

As an alternative to expropriation to its 
two subsidiary copper producers, Chile Ex- 
ploration Co. (Chuquicamata) and Andes 
Copper Mining Co. (El Salvador), The 
Anaconda Co. entered into negotiations 
with the Government of Chile for transfer 
of ownership agreements. As of the end of 
1969 substantially all of the assets of these 
two subsidiaries were transferred to two 
new Chilean corporations, Compañia de 
Cobre Chuquicamata S.A. and Compaíiia 
de Cobre Salvador S.A. In exchange Ana- 
conda received $174 million in negotiable 
promissory notes, 51 percent of the agreed 
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upon capitalization of the two new compa- 
nies. Determination of the purchase price 
for the remaining 49-percent interest will 
be made after 1972 but before 1982, with 
settlement based on a formula of average 
annual earnings times variable multiples 
between six and eight, dependent upon 
date of settlement. In the interim Ana- 
conda retains the rights and privileges of 
a 49-percent ownership. As part of the 
agreement, Anaconda also entered into 
contracts with the new companies to pro- 
vide certain operational and technical serv- 
ices with remuneration equivalent to 1 per- 
cent of the gross proceeds of mine 
products. The Exotica mine is excluded 
from the agreement, and ownership con- 
tinues to be 75-percent Anaconda and 25- 
percent Government of Chile. 

At El Teniente, 49-percent owned by 
Kennecott Copper Corp. the expansion 
program, which will increase annual pro- 
ductive capacity to 280,000 tons, continued 
ahead of schedule with completion set for 
late 1970. Resettlement of company em- 
ployees from the high Andes cities of Sew- 
ell and Calentones to Rancagua in the ceri- 
tral valley was advanced in 1969 by 
completion of 1,400 and starts on 540 
houses by the Chilean Housing Authority. 
The new highway connecting Rancagua 
with the new mine tunnel in Coloa, north 
of Caletones, was also completed. 

Compaíiia Minera Andina S.A. (70-per- 
cent owned by Cerro Corporation) has 
completed development of about 75 per- 
cent of the Río Blanco copper mine and 
related facilities, with anticipated produc- 
tion at an annual rate of 62,500 tons of 
copper in concentrates to begin in early 
1971. The partially delimited ore body 
contains at least 120 million tons of ore 
averaging 1.58 percent copper. Japanese 
smelting interests, which assisted in financ- 
ing, have undertaken to purchase about 
two-thirds of the first 10 years of produc- 
tion. 

Small and medium-sized mines are con- 
tributing an increasing share of copper 
output, indicated to be 20 percent of the 
total in 1967, 22 percent in 1968, and esti- 
mated to be 300,000 tons, or 25 percent, of 
the expanded Chilean production by 1971 
or 1972.3 

Congo (Kinshasa).—An accord between 
Société Général des Minerais (S.G.M.), 


3 World Mining. Chile’s Small Copper Mines 


Expand. V. 5, No. 4, April 1969, pp. 50-55. 
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Brussels, and Générale Congolaise des Mi- 
nerais (GECOMIN), Kinshasa, for pay- 
ment to the former for expropriated 
mining properties, was announced in 
September. The agreement involves the ex- 
tension to 25 years of technical cooperation 
between S.G.M. and GECOMIN. For the 
first 15 years S.G.M. will receive an 
amount equal to 6 percent of the value of 
metals produced from GECOMIN's proper- 
ties to cover compensation due to Union 
Miniére and the fee for technical coopera- 
tion. At the end of the 15-year period, the 
amount paid to S.G.M. will be reduced to 
l percent for the remainder of the cooper- 
ation period. 

The joint Japanese-Congolese concern, 
Sociéte de Development Industriel et Min- 
ier du Congo (SODIMICO), reported that 
reserves of copper ore in the Kinsenda 
area totaled 110 million tons of 2.l-per- 
cent copper ore. Plans call for a processing 
plant to begin production in 1972, at Mu- 
shoshi to produce 53,000 tons per year of 
copper in concentrates. Concentrates will 
be shipped to Japan for smelting. 

Indonesia.—Freeport Indonesia, a subsid- 
iary in which Freeport Sulphur Co. holds 
an 87-percent interest, continued develop- 
ment of the 11,500-foot-altitude Ertsberg 
copper deposit in Irian Barat and com- 
pleted negatiations for financing and sales 
of concentrates from the operation. 

Drilling of the deposit has disclosed the 
presence of about 33 million tons of ore 
with an average metal content of 2.5 per- 
cent copper, 0.025 ounces of gold, and 
0.265 ounces of silver per ton. It is ex- 
pected that the new mine will start pro- 
ducing early in 1973 at a rate of 2.5 mil- 
lion tons of ore per year and will produce 
250,000 tons of copper sulfide concentrates 
containing 65,000 tons of copper and re- 
coverable quantities of gold and silver. 

The estimated cost of the project is $120 
million. Major construction items include 
mine and mill facilities, electric power and 
water systems, a seaport, an airstrip, a sur- 
face access road, a concentrate slurry pipe- 
line, and a mile-high townsite. The access 
road is being built 69 miles through 
swamps, jungle, and precipitous mountain 
inclines to the mine and mill site. 

Freeport Indonesia has obtained loans 
for a group of five American insurance 
companies and seven banks for $58 million 
and from Japanese and West German 
sources for $42 million subject to fulfill- 


MINERALS YEARBOOK, 1969 


ment of several conditions, including Japa- 
nese Government approval of the Japanese 
financing. The balance of $20 million of 
the financing will be provided by equity 
funds. Freeport Sulphur’s part of the eq- 
uity financing will be about $16.9 million, 
of which about $7.4 million had been 
spent on the project by the start 1970. 
The Agency for International Development 
(AID) has granted specific risk guarantees 
of Freeport Sulphur’s investment in Free- 
port Indonesia against loss due to war, ex- 
propriation, and conversion of currency. 

The American insurance companies will 
provide $40 million of senior debt financ- 
ing, which will be guaranteed by the U.S. 
Government through AID’s extended risk 
guaranty program. The American banks 
will provide $18 million of senior debt 
financing, which will be guaranteed by the 
Export-Import Bank of the United States. 
The foreign financing consists of a $22 
million loan by Kredittanstalt fir Wieder- 
aufbau, the West German development 
bank, and a $20 million subordinated loan 
by 13 Japanese smelting and trading com- 
panies. 

The Japanese companies have contracted 
to purchase about two-thirds of the annual 
output of concentrates, and Norddeutsche 
Affinerie, Hamburg, West Germany, has 
contracted to buy about one-third. Sales 
prices under the contracts will be world 
prices for metals, less smelting and refining 
charges. 

Freeport Indonesia has exploration and 
development rights in an area of approxi- 
mately 38 square miles including and sur- 
rounding the Ertsberg deposit. There are 
surface indications of further copper min- 
eralization within the rights area. 

An agreement was signed between a 
newly formed Indonesian subsidiary of 
Kennecott Copper Corp. and the Indone- 
sian Government, which granted explora- 
tion rights to six large concession areas in 
Java, Sumatra, and Irian Barat. 

Muritania.—Société Miniére de Mauri- 
tanie (SOMIMA), 44.6 percent owned by 
Charter Consolidated, Ltd., progressed on 
schedule in development of a copper mine 
situated near Akjoujt. Open pit mining of 
oxide ore is expected to start early in 1970 
to produce 30,000 tons of copper in con- 
centrates annually. The oxide ore will be 
concentrated in a plant using the Torco 
segregation process developed by the Anglo 
American Corp. group. 
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Mexico.—Exploration by Asarco Mexi- 
cana, S.A., at La Caridad copper property 
near Nacozari, Sonora, has indicated a 
major copper porphyry ore body contain- 
ing about 650 million tons of 0.8-percent- 
copper ore which can be mined by open 
pit methods. A new company, Mexicana de 
Cobre, S.A., has been formed to develop 
and operate the property at a rate of 
about 30,000 tons of ore per day. Asarco 
Mexicana, S.A., is owned 51 percent by a 
Government company, Comisión de Fom- 
ento Minero, and 49 percent by American 
Smelting and Refining Company (Asarco) . 
Asarco Mexicana will own 49 percent of 
the stock of Mexicana de Cobre, S.A. 
Partly as a result of the successful explora- 
tion at La Caridad, at least 30 companies 
are engaged in mine exploration in Son- 
ora, mostly for copper. 

Asarco Mexicana continued on schedule 
in construction of its Inguarán, Michoacán, 
mine. Work started late in 1968 with pro- 
duction planned during the first quarter of 
1971. The underground mine is planned to 
produce 2,000 tons of ore per day that will 
be milled to produce concentrates contain- 
ing 12,000 tons per year of copper. 

To handle the increased output of cop- 
per from La Caridad, Inguarán, and other 
mines,  Asarco Mexicana will build 
Mexico's second electrolytic copper refinery, 
possibly at a site near the San Luis Potosí 
smelter. Construction will start during the 
second quarter of 1970 and be completed 
in 1971 with an initial] capacity of 45,000 
tons of copper per year. It is planned to 
increase the capacity to 120,000 tons per 
year, probably by the time La Caridad 
starts production. 

Compañia Minera de Cananea, S.A. de 
C.V., a subsidiary of The Anaconda Com- 
pany produced a record 36,500 tons of cop- 
per, 100 tons more than production in 
1968. Condumex, a wire and cable manu- 
facturing subsidiary of The Anaconda Co. 
in Mexico City, announced the construc- 
tion of a new plant at Guadalajara. 

Peru.—Operations at the Southern Peru 
Copper Corp.’s mine at Toquepala were 
interrupted by a 42-day strike that resulted 
in closing the smelter at Ilo for 32 days 
during November and December. As a di- 
rect result of the interruption, production 
of blister copper declined to 134,200 tons 
compared with 147,700 tons in 1968. Dur- 
ing 1969, 64.3 million tons of ore and 
waste was mined at Toquepala to produce 
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13.2 million tons of milling ore that aver- 
aged 1.18 percent copper. 

On December 19, 1969, Southern Peru 
Copper Corp. signed a contract with the 
Government of Peru for the development 
of the Cuajone ore body and construction 
of ancillary facilities. Under the contract, a 
period of 614 years is established for com- 
pletion of the project. The contract pro- 
vides that during the period of recovery of 
investment, earnings from the Cuajone 
project will be taxed at the rate of 47.5 
percent and then, for a further period of 6 
years at 54.5 percent, the rate in effect on 
the date of the contract. It also provides 
that the company shall be free to export 
and sell the production of the Cuajone 
mine in world markets after the needs of 
national consumption are met, and guaran- 
tees the free disposal of foreign exchange 
resulting from such sales in amounts re- 
quired for recovery of invested capital, in- 
terest, and foreign services. 

Southern Peru is obligated to spend $25 
million for the project by October 1, 1971, 
and must complete in each succeeding cal- 
endar year not less than 60 percent of the 
investment program scheduled for that 
year. Failure to maintain this investment 
program, in the absence of force majeure, 
will result in termination of the concession 
for the 'Cuajone mine. During 1969 the 
permanent road linking Quellaveco and 
Cuajone with Toquepala was completed. 

Philippines.—Thirteen mining companies 
produced 144,800 tons of copper in concen- 
trates, an increase of 19 percent over pro- 
duction the year earlier. Atlas Consoli- 
dated Mining and Development Co. was 
the largest copper producer with an 
output of 56,000 tons. Lepanto Consoli- 
dated Mining Co. was second largest with 
an output of 28,500 tons. Marinduque 
Mining and Industrial Corp.'s Sipalay mine 
and Philex Mining Corp. were third and 
fourth, respectively, with outputs of 19,800 
tons and 13,200 tons. Marcopper Mining 
Corp. owned 60 percent by the Philip- 
pine Government and 40 percent by Craig- 
mont Mines Ltd., a subsidiary of Placer 
Development, Ltd., started production in 
1969 and produced 7,800 tons of copper in 
concentrates during the last half of 1969. 

A feasibility study by Arthur D. Little, 
Inc., funded by four major copper mining 
companies, found it inadvisable at present 
to construct a copper smelter in the Phil- 
lippines. 
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South Africa, Republic of.—O’okiep 
Copper Co. Ltd. milled 3.13 million tons 
of ore containing 1.34 percent copper and 
produced 37,400 tons of blister copper. 
New outside discoveries and additions to 
reserves in known ore bodies added to ore 
reserves which at yearend totaled 31.1 mil- 
lion tons of 1.60-percent-copper ore, the 
highest tonnage on record since the com- 
pany started operations in 1940. 

Palabora Mining Co. Ltd. produced 
86,600 tons of anode copper, 9 percent 
more than in 1968. Ore milled was 17.3 
million tons of 0.6-percent-copper ore. Mes- 
sina (Transvaal Development Company, 
including subsidiary copper mines in 
Rhodesia, produced 32,500 tons of copper. 

South-West Africa.—The Tsumeb mine 
and mill of Tsumeb Corp., Ltd., mined 
and milled 569,000 tons of oxide ore aver- 
aging 3.2 percent copper, 11.84 percent 
lead, 3.53 percent zinc, and 1.7 ounces sil- 
ver per ton. The Kombat operation mined 
and milled 412,000 tons of ore averaging 
1.65 percent copper, 1.79 percent lead, and 
0.30 ounce silver per ton. Blister copper 
produced was 30,000 tons, down from 
35,700 tons in 1968. 

Spain.—Construction of the custom cop- 
per smelter, sulfuric acid plant, and elec- 
trolytic copper refinery at Huelva on the 
Atlantic coast was on schedule to begin 
operation by June 1970. The annual out- 
put capacity of the plant will be 60,000 
tons of copper and 250,000 tons of sulfuric 
acid. The smelting and refining plant is 
owned by Rio-Tinto Patiño, S.A., a joint 
venture of Compañia Espanola de Minas 
de Rio-Tinto S.A. (55 percent), the Patiño 
Mining Corporation (40 percent), and 
Rio-Tinto Zinc Investment, Ltd. (5 per- 
cent). In addition to the smelting and re- 
fining plant, Rio-Tinto Patiíio, S.A., is de- 
veloping the Cerro Colorado open pit 
copper mine at Rio-Tinto, Spain, which is 
expected to start production by the end of 
1970. Facilities will include a copper con- 
centrating plant and a gold-silver cyanide 
plant with daily capacities of 11,000 and 
5,000 tons, respectively. Ore reserves are es- 
timated at 44 million tons of copper ore 
averaging after dilution 0.8 percent copper 
and 20 million tons of gossan ore averag- 
ing 0.07 ounce of gold and 1.5 ounces of 
silver per ton. The total investment in the 
mine, mills, and smelting and refining 
plants will be $77 million. 


Sweden.—Production from the Aitik 
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open pit copper mine in Arctic Sweden, 
will be expanded from 2 million tons of 
ore per year to 5 million tons. The grade 
of ore mined will be lowered from 0.5 per- 
cent to 0.4 percent copper, and the annual 
output will be doubled from 10,000 to 
20,000 tons of copper. The mine is owned 
by the Boliden Mining Co., Ltd., and the 
copper concentrates are smelted at the 
company-owned Bonskar Works. 


Uganda.—Kilembe Mines Limited, a 
subsidiary of Kilembe Copper Cobalt, Ltd., 
in which Falconbridge Nickel Mines, Ltd., 
owns a 72.8-percent interest, produced 
18,000 tons of blister copper, 20 percent 
more than in 1968. Negotiations were 
started toward an agreement to comply 
with a request by Uganda Development 
Corporation Limited, a corporation owned 
by the Uganda Government, that Kilembe 
Copper Cobalt, Ltd., sell to the corpora- 
tion 50 percent of its shares in Kilembe 
Mines Limited. 

Zambia.—On August 11, 1969, President 
Kaunda announced that all rights of own- 
ership or partial ownership of minerals 
must revert to the State and that royalty 
and export taxes based on the selling price 
of copper would be replaced by a single 
mineral tax of 51 percent of profits. 
He asked the owners of the mines to in- 
vite the.Government to join their mining 
enterprises by offering 51 percent of their 
shares to the State. 

Following extensive negotiation between 
representatives of the Government and the 
mine owners, an agreement was reached in 
November for a settlement as follows: 


The State-owned Industrial Development 
Corporation (INDECO) will issue bonds, 
fully guaranteed by the Zambian Govern- 
ment, in return for 51 percent of the 
shares of the mine-operating companies. 
The value of the shares, based on the 
book value of the companies as of Decem- 
ber 31, 1969, was agreed to be $150 million 
in the case of the Roan Selection Trust 
Ltd., (RST) group and $175 million in 
the case of the Anglo-American group. In- 
terest at the rate of 6 percent per year, 
free of Zambian tax, will be paid on out- 
standing balances. 

Repayment of the bonds will be in 16 
semiannual installments in the case of 
RST and 24 semiannual installments for 
Anglo-American. Bonds will be repaid ear- 
lier to the extent that two-thirds of the 
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dividends paid to INDECO in any year ex- 
ceed the installments due. 

Two new Zambian-based companies will 
be formed into which the operating min- 
ing companies will be consolidated, Roan 
Consolidated Mines Limited for the RST 
group, and Nchanga Consolidated Mines 
Limited (“New Nchanga") for the An- 
glo-American group. The RST group will 
include the Mufulira, Luanshya, Chibu- 
luma, Chambishi, and Kalengwa mines and 
the Ndola copper refinery. The “New 
Nchanga" group will include Nchanga 
Consolidated Copper Mines Ltd., Rhokana 
Corporation Ltd., Bancroft Mines Ltd., and 
Rhokana Copper Refineries Ltd. The 
boards of each of the two new companies 
will consist of six members (including the 
chairman) appointed by INDECO and five 
members appointed by the remaining 
shareholders. 

Two external companies will be formed 
to hold the bonds and the 49-percent 
share interests of the Zambian companies. 
Certain other external assets of the two 
operating groups will be owned by the ex- 
ternal companies without Zambian partici- 
pation. 

During the year ended June 30, 1969, 
Rhokana Corporation Ltd. milled 5.78 mil- 
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lion tons of ore that averaged 2. 05percent 
copper and produced 108,200 tons of fin- 
ished copper. Nchanga Consolidated Cop- 
per Mines Ltd. milled 8.93 million tons of 
ore averaging 3.76 percent copper and pro- 
duced 242,400 tons of finished copper. Ban- 
croft Mines Ltd. milled 1.95 million tons 
of ore averaging 3.49 percent copper and 
produced 52,600 tons of finished copper. 

Of the RST group, the Mufulira, Chi- 
bulma, and Chambishi mines are operated 
as divisions of Mufulira Copper Mines 
Ltd. The Mufulira, Chibuluma, and the 
Chambishi mines produced 194,800; 30,200; 
and 24,800 tons, respectively, of finished 
copper. Each mine produced more than in 
the previous year; the total increase was 8 
percent over production the previous year. 
Luanshya Mines Ltd. produced 117,200 
tons of finished copper, an increase of 10 
percent over output the previous year. 
During the year RST acquired the one- 
third interest in the Ndola Copper Refin- 
eries Ltd. owned by British Insulated Cal- 
lender’s Cables Ltd., which raised its 
ownership to 100 percent. The assets : of 
the refinery company were transferred to 
Luanshya Mines, Ltd., and Ndola Copper 
Refineries Ltd. was placed in liquidation. 


TECHNOLOGY 


A study of enrichment of copper depos- 
its by supergene oxidation emphasized the 
phase relationships of copper minerals and 
their oxidation sequence at relatively low 
formational temperatures.4 

Geochemical maps showing the distribu- 
tion of copper, lead, and zinc in relation to 
the geology in nearly 5,000 stream sedi- 
ment samples taken over the whole of 
Northern Ireland have been compiled by 
the Applied Geochemistry Research Group 
at Imperial College, London.5 

The research vessel Prospector, belonging 
to Deepsea Ventures, Inc., a subsidiary of 
Tenneco, Inc., continued exploration of 
ocean floor deposits of nodules containing 
copper, nickel, cobalt, and manganese. The 
abundance of nodules is determined by 
both sampling and ocean-bottom photogra- 
phy. A research paper reported on results 
of a preliminary investigation of the physi- 
cal characteristics and extraction of values 
from the nodules.$ Assessment of the com- 
merical potential of these deposits will re- 


quire extensive technical and economic fea- 
sibility studies. 

Results of an open pit slope- stability 
research program conducted by Kennecott 
Copper Corp. since 1956, most notably at 
their Kimbley pit, were reported. It was 
concluded that techniques to quantify the 
variables affecting slope stability have 
reached a level of reliability to signifi- 
cantly improve pit design for safe and 
efficient slopes. 

The Bureau of Mines reported on re- 
sults of research that demonstrated the fea- 


*Sillitoe, R. H., and A. H. Clark. Cop 
Copper-Iron Sulfides as the Initial Pro: ucts of 
Supergene Oxidation, Copiapo Mining District, 
Northern Chile. Am. Mineralogist, v. 54, Nos. 11- 
12, November-December 1969, pp. 1684-1710. 

Š Mining Journal (London). Geochemical Maps. 
V. a213, No. 7006, Nov. 28, 1969, p. 495. 

6 Brooke, J. N., and A. P. Prosser. Manganese 
Nodules as a Source of Copper and Nickel—Min- 
eralogical Assessment and Extraction. Trans. Inst. 
Min. Met., v. 78, sec. C, No. 751, June 1969, pp. 
c64—c73. 

? Broadbent, Carl D. Slope Stability Program of 
ee Copper Corp. Trans. AIME, v. 244, No. 
2, June 1969, pp. 209-218. 
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sibility of stabilizing copper mill tailings 
against wind erosion by means of a combi- 
nation chemical-vegetative process.8 

Research on extraction continued to be 
dominated by efforts to improve existing 
processes or devise new processes to meet 
increasingly stringent air pollution stand- 
ards, particularly with respect to emission 
of sulfur gases at smelters. Various stack- 
gas control systems, with or without recov- 
ery of byproduct sulfur, were under inves- 
tigation; however, most reported research 
was for chemical-processing systems which 
eliminate the pyrometallurgical step in the 
recovery of copper. 

The Anaconda Company constructed a 
pilot plant in Tucson, Ariz, with a ca- 
pacity of 6 tons of copper concentrate per 
day, to test the feasibility of a chemical 
process to produce copper under patents 
owned by the Treadwell Corp. In the 
process, sulfide concentrates are leached in 
a kiln with sulfuric acid to produce copper 
sulfate, sulfur, and sulfur dioxide. After 
purification to remove other metals, the 
copper sulfate is converted to a cyanide by 
reaction with hydrogen cyanide and sulfur 
dioxide, then reduced to copper by hydro- 
gen. Studies indicate recovery of 99.6 per- 
cent of the copper values and 90.5 percent 
of the sulfur as elemental sulfur with fa- 
vorable capitalization costs.9 The same art- 
icle also describes a hydrometallurgical 
method developed by Sherritt Gordon 
Mines Ltd. in which the sulfide concen- 
trate is leached with dilute sulfuric acid 
in an autoclave at 500 pounds per square 
inch to yield copper sulfate in solution and 
leach residues of elemental sulfur, excess 
concentrates, and tailings. The copper can 
be recovered by any of the accepted cop- 
per-wining routes for leach solution, and 
the leach residues are separated by some 
combination of flotation, solvent extraction, 
and distillation. Another article10 described 
an ion exchange-electrowinning process to re- 
cover copper from leach solutions with low 
concentrations. Reports of other research 
on leaching included a study of the reaction 
rates of synthetic chalcopyrite with a 
leaching agent of acidified aqueous ferric 
sulfate 11 and a review paper of research 
conducted on dump leaching.12 A patent 
was granted to remove ferric ions from 
copper leach solutions by use of an insolu- 
ble alkaline solid and to thereby improve 
the economics of subsequent cementation 
or electrowinning processes.13 
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The control of variables in reverberatory 
furnace slag formation to achieve good 
matte-slag separation and reduced copper 
slag losses was the object of a copper 
smelter study.14 

Anaconda American Brass Co. has de- 
veloped direct-chill, semicontinuous molds 
made of copper with capabilities of casting 
copper or copper alloy billets 6 feet long 
with cross sections of 10 by 30, 7 hy 40, 
and 12 by 48 inches. The metal is under- 
poured in the mold and has a protective 
cover to prevent oxidation which results in 
a sound casting free of entrapped gas. 
The company also announced completion 
of research to effectively improve the envi- 
ronment by recovery of copper from brass 
mill effluents. At Kennecott Refining Corp. 
a technical breakthrough established the 
feasibility of a cast hollow billet process 
for a more economical starting unit in the 
manufacture of copper tubing. 


Papers presented at a meeting of the So- 
ciety of Automotive Engineers described 
the improved performance and safety con- 
tributed by use of copper alloys for brake 
discs, drums, and hydraulic tubes in auto- 
motive vehicles.15 A cadmium-copper alloy 
which achieves good strength characteristics 
by cold-rolling and does not soften signifi- 
cantly during soldering operations has 
found acceptance in heat exchanger appli- 
cations, small motor and generator commu- 


s Dean, Karl C., Richard Havens, and Kimball 
T. Harper. Chemical and Vegetative Stabilization 
of a Nevada Copper Porphyry Mill Tailing. Bu- 
Mines Rept. of Inv. 7261, May 1969, 14 pp. 


9 Chemical Engineering. Chemical Route to 
Copper? V. 77, No. 8, Apr. 20, 1970, pp. 64, 66. 


10 McGarr, H. J., N. H. Berlin, and W. F. A. 
Stolk. The Cost of Copper—Solvent Extraction 
and Electrowinning Look Great on Paper. Eng. 
and MIR J., v. 70, No. 12, December 1969, pp. 


11 Dutrizac, J. E., R. J. MacDonald, and T. R. 
Ingraham. The Kinetics of Dissolution of Syn- 
thetic Chalcopyrite in Aqueous Acidic Ferric Sul- 
fate Solutions. Trans. AIME, v. 245, No. 5, May 
1969, pp. 955-959. 


12 Bhappu, Roshan B., P. H. Johnson, J. A. 
Brierley, and D. H. Reynolds. Theoretical and 
Practical Studies on Dump  Leaching. Trans. 
AIME: v. 244, No. 3, September 1969, pp. 307- 
20. 


13 Spedden, R., and E. E. Malouf (assigned 
to Kennecott 8 Corp.). Process for Recover- 
ing Copper From Leach Solutions. U.S. Pat. 
3,476, 554, Nov. 4, 1969. 


M Verney, L. R. Fluxing in Copper Reverbera- 
tory Furnaces and Copper Losses in Slag. Trans. 
Inst. Min. Met., v. 78, sec. C., No. 748, March 
1969, pp. c28-c42. 

15 Hoffman, William E. Use of Copper Alloys in 
Car Brakes Studied. Am. Metal Market, v. 76, 
No. 103, June 3, 1969, p. 7. 
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tators, and in electrical contacts.16 Re- 
search by the Bureau of Mines showed 
improved strength properties for copper 
that was dispersion-strengthened with ytt- 
ria or alumina compared with oxygen-free 
copper.1* 


Use of hot gases to braze copper coil 
joints has a claimed advantage of quality 
process control on assembly line techniques 
with resultant uniformity of product and 
use of lower cost brazing alloys.18 


Copper is being increasingly used as a 
base coat on steel, diecastings, and plastic 
for final] coating with nickel or chromium. 
The copper acts in a leveling capacity to 
reduce buffing operations and provides a 
low-stress surface for final plating.1? 


Included in research activity reported by 
the International Copper Research Associa- 
tion (INCRA) are pilot testing of a clear 
polyvinyl fluoride film bonded adhesively 
to copper surfaces for a protective coating, 
a process to produce a bluish-green hue on 
copper surfaces for architectural use, a 
technique to apply insulating coatings to 
copper by electrophoresis (electrocoating) , 
and development of organocopper com- 
pounds for various industrial applications. 


16 Johnston, W. E. New Copper Alloy Meets 
New Needs. Metal Progress, v. 96, No. 6, De- 
cember 1969, pp. 76-77 

Y Desy, D. H. Dispersion-Strengthened Copper. 
BuMines Rept. of Inv. 7228, March 1969, 24 pp. 

18 Iron Age. Brazing Copper Coils by Hot Gases. 
V. 203, No. 19, May 8, 1969, pp. 92-93. 

J Iron Age. Bright New Idea in Copper Plate. 
V. 203, No. 23, June 5, 1969, pp. 58-59. 
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Table 2.—Copper produced from 
domestic ores, by source 


(Thousand short tons) 

Year Mine Smelter Refinery 
1965____-.------ 1,852 1,408 1,386 
19838;öÜ 8 1.429 1.430 1.353 
%%% 8 954 841 847 
1968. .........- 1,205 1,285 1,161 
19699 1. 545 1. 547 1.469 


Table 3.—Copper ore and recoverable 
copper produced, by mining method 


(Percent) 
Open pit Underground 
Year — W 
Ore Copper! Ore Copper? 
1965. ` 84 77 16 23 
1966______-- 85 80 15 20 
1967 cee 85 83 14 17 
1968. 87 82 13 18 
19699 88 84 12 16 


1 Includes copper from dump leaching. 
? Includes copper from in-place leaching. 


Table 4.—Mine production of recoverable 
copper in the United States, by months 
(Short tons) 


Month 1968 1969 
Januar 8 23, 024 120, 829 
February...............- 28,084 118,481 
March... alere ene 41,080 132, 795 
i Spey eel asia as 110,936 131,479 
May... oc eure ee 125,538 127,496 
DEE 124,685 129,817 
July e o oca 128,559 123,170 
August_----------------- 127,908 125,145 
September 121, 322 127, 662 

ctober____ E 129, 833 135,429 
November 124, 018 134,191 
December 124, 7 39 138, 585 

Kr RE 1,204,621 1,544,579 


Table 5.—Mine production of recoverable copper in the United States, by States 
(Short tons) 


State 1965 

Alaska- u uz ͤͤ w Ee 2 
Arizonā. EE 703,377 
Californian 1,16 
h ⁵o˙—õ ³ðVWAWA.¹ w A Rer 8, 828 
I WEE ·éAAAA ⁰ Zt an S ele. 5, 140 
Miehiean -----------------MMMMMM 71,749 
Misc! week oe 2,331 
Montana. 222226. been sees 8 115,489 
Nevada 2 N 71,332 
New Mexieo --..-------- -MMM 98,658 
Pennsylvania 4,354 
Tennessee 14,823 
bn d'H. EE 259,188 
Wirts equ T DES 
Wohl a aaa a aa 
Other States 1___ 2.2 22 2222-2. ll... 

OCA Mis eh ĩðͤ eee 1,851,734 


1966 1967 1968 1969 

739 , 569 501,741 627,961 801,363 
1,078 18 ,18 , 129 
4,237 8,998 8,451 3,598 
4,961 4,210 8,525 3,332 
73 , 449 58,458 74,805 15,226 
8,913 8,215 5,494 12,664 
128,061 65,488 69,480 103,314 
78,720 50,771 77,219 104,924 
108,614 15,008 90,769 119,956 
3,178 4, 401 4, 850 3,38 

15, 41 14, 60 14, 196 15,353 
265,383 W ae ESS 296 , 699 
J ͥ⁰ y feta W 
2, 545 2, 766 8,428 3,621 
1,429,152 954,064 1,204,621 1,544,579 


W Withheld to avoid disclosing individual company confidential data; included in “Other States." 


1 Includes Maine, Oklahoma, 


regon, and Wyoming. 
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Table 6.—Twenty-five leading copper-producing mines in the United States in 1969, 


Rank 


1 


SOON 


pas 


in order of output 


Mine County and State Operator Source of copper 
Utah Copper.............-- Salt Lake, Utah... Kennecott Copper Corp. Copper ore, copper 
precipitates, gold- 
silver ore. 
Morenci .................- Greenlee, Ariz..... Phelps Dodge Corp Do. 
San Manuel ` .----------- Pinal, Ariz........ Magma Copper Co...... Copper ore. 
Hay Fit uuum 8 8 EE Kennecott Copper Corp. Copper ore, copper 
precipitates. 
CUNO once Se e Grant, N. Me. FA Do. 
White Pine Ontonagon, Mich. White Pine Copper Co... Copper ore. 
Berkeley Pit. Silver Bow, Mont. The Anaconda Company. Do. 
New Cornelia Pima, Ar iz Phelps Dodge Corp Copper, gold-silver ores. 
PVN uzi aaa T G A Pima Mining Coo Copper ore. 
Copper Queen-Lavender Pit. Cochise, Aris ` ` Phelps Dodge Corp Copper ore, copper 
precipitates. 
Inspiration Gila, Ari V o. 
opper 
Vering ton Lyon, Nev.......- The Anaconda Company. Copper ore. 
Mission.. .---------------- Pima, Ariz........ American Smelting and Do. 
Refining Co. 
Veteran-Tripp Piti White Pine, Nev.. Kennecott Copper Corp... Do. 
Butte Hill Copper Mines.... Silver Bow, Mont. The Anaconda Company. Copper ore, copper 
precipitates. 
Mineral Park Mohave, Ariz..... Duval Corp Do. 
Silver Bell. eos Pima, Ariz........ American Smelting and Do. 
Refining Co. 
Copper Cities Gila, Ari Tennessee Cor Copper ore, copper 
precipitates. 
Esperanza Pima, Ar iz Duval Corp Do. 
Magma Pinal, Ariz........ Magma Copper COo Copper ore. 
Bagdad. .................- Yavapai, Ariz Bagdad Copper Corp. Copper ore, copper 
precipitates. 
, E Grant, N. Mex. Phelps Dodge Corp .... Copper ore. 
Copperhiil FFC Polk, Tenn Tennessee Copper Co. ... Copper-zinc ore. 
Copper Canyon Lander, Nev.....- Duval Cord . Copper ore. 
Twin Buttes Pima, Ariz........ The Anaconda Company. Do. 


Table 7.—Mine production of recoverable copper in 1969, by method of treatment 


Recoverable copper 
Ore treated 


Method of (thousand Thousand Percent Remarks 
treatment short tons) pounds yield 
Copper ore: 
By concentration 204,704 2,583,253 0.62  Seetable 9. 
By smelting_____ e eee d Es 485 21,062 2.17 See table 10. 
By leaching. ....................-.. 2.222... 18,563 137,062 37 See table 11. 
223,752 2,691,377 .60 
Dump and in-place leaching - „ 330,214 ---- See table 11. 
Miscellaneous from residues, tailings, and non-copper 
OFB je ewe oh eae ees So y ⁰fyms x jur EAE 67 , 567 0 
17˙¹i ↄ bella ee t XX 3, 089, 158 „ 


XX Not applicable. 


Table 8.—Copper ore shipped directly to smelters or concentrated in the United States 


by States in 1969 with copper, gold, and silver content in terms of recoverable metal 


Recoverable metal content 


Ore shipped ————————————————————————————————————- Value of 

or concentrated Copper Gold Silver gold and 

State (thousand — — ————————————— (troy (troy silver per 

short tons) Thousand Percent ounces) ounces) ton of ore 

pounds 

Arizona.. -.------------ 113,701 1,389,172 0.61 108,718 5,899,843 $0.13 
Il T uu: 1 84 4.20 5 834 1.70 
Michigan 8,200 150,452 8377 EN 1,009,022 .22 
Montana 16,017 181, 076 57 15,420 2, 555, 970 .93 
Nevada..........-.-... 14,345 153,725 54 76,212 684,937 31 
New Mexico 12, 558 172,174 .69 8,163 324,204 .07 
Tennessee 114. 1,574 30,706 .98 126 78,614 . 09 
Utah gn 38,650 472,308 61 370,632 3, 009, 099 . 54 
Other States 143 4,618 1.61 21 18,993 .24 
Total: ca 205,189 2,554,315 .62 579,297 18,581,516 .23 


1 Copper-zinc ore. 
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Table 9.—Copper ore concentrated 1 in Table 10.—Copper ore shipped directly to 
the United States, by States in 1969 smelters in the United States, by States 


with content in terms of recoverable in 1969, with content in terms of 
copper recoverable copper 
O R 
concen etant. dd Ore shipped to smelters 
State trate!!kway k ————— — — —  —I — 
(thousand Thousand Percent State Recoverable copper 
short tons) pounds Short tons content 
3 ³ĩ³WAA yy y RENE „ REND dE d y MS 
Arizona 113,357 1,869,287 0.60 Pounds Percent 
Michigan...... 8,200 150,452 Dac "Iu EEN 
Montana...... 16,017 181,072 57 Arizona 844,360 19, 885, 000 2. 89 
Nevada 14,270 152,807 .54 Idaho. 682 84,500 6.20 
New Mexico... 12,493 172,026 69 Montana 57 3, 900 3.42 
Tennessee 2 1,574 30, 706 98 Nevada........ 75,272 918, 200 1.61 
Uta 38, 650 472,287 61 New Mexico 64, 531 148, 200 1.11 
Other States 48 i 61 Eeer eg 5 20,600 22.89 
Other States 17 1,800 5.29 
Total. 204,704 2,583, i EE SI GSS OAL. (34 
EE E Total... 484,964 21,062,200 2.17 
Includes following methods of concentration: MD : 
“Dual process" (leaching followed by concentration); ! Primarily smelter fluxing material. 
185 (leach-precipitation-flotation); and froth 
otation. 


? Copper-zinc ore. 


Table 11.—Copper precipitates (from dump or in-place leaching) shipped directly 
to smelters and copper ore leached (heap, vat, or tank) in the United States, 
by States in 1969, with content in terms of recoverable copper 


Precipitates Recoverable Ore Recoverable 
State shipped copper content leached copper content Percent 
(short tons) (pounds) (short tons) (pounds) 
Rat 83,418 116,022,800 14,147,958 88 ,348 , 800 0.31 
Montana. ..... 16,698 25.264.400 ^ L.2.-2.5-.co 8 am ss, 
Nevada __ ceo ⅛˙»uů“ wm = 6,299 7,997,700 14,414,552 148, 712, 600 . 55 
New Mexieo -_...-.-.-.---_--__-- 41, 458 66,952, ⸗ohyÿ;y h HHH „b TNT 
OLY s ance lici 69,225 118,977,200 |. Q) (1) 
Quoc E 217,098 330, 214, 100 18,562,510 137,061, 400 37 


1 Nevada and Utah combined to avoid disclosing individual company confidential data. 


Table 12.—Copper ore smelted and copper ore concentrated in the United States, 
and average yield in copper, gold and silver 


Smelting ore Concentrating ore Total 
Thou- Yield Yield Yield Yield Yield Value 
Year sand in Thousand in Thousand in per ton per ton er ton 
short copper, short copper, short copper,  ingold,  insilver, in gold 
tons percent tons ! percent tons ! percent ounce ounce and 
silver 
1965. 625 2. 43 172, 662 0.70 178,286 0.70 0.0033 0.074 $0.21 
1966_____ 549 2.34 ? 186,417 .66 186,966 .67 . 0029 .071 .19 
1967..... 808 2.52 ? 126,768 .68 127,066 .68 .0025 .066 .19 
1968..... 883 2.46 2169, 671 .60 170,054 60 0024 056 KA 
1969 485 2.17 3 204,704 .62 205,189 .62 .0028 . 065 .28 


1 Includes some ore classed as copper-zinc and minor amount of tailings (1969 excludes tailings). 

2 Includes all methods of concentration: “Dual process" (leaching followed by flotation concentration), 
LPF (leach-precipitation-flotation), tank or vat leaching, heap leaching, and froth flotation. 

3 Excludes tank or vat and heap leaching. (See tables 7 and 11). 


Table 18.—Copper produced by primary smelters in the United States 


(Short tons) 
Year Domestic Foreign Secondary Total 
1965-525. oe ek eee = Lu E etat 1,402,806 31,244 98,895 1,527,945 
KL 1,429,863 86,578 114,671 1,581,107 
196 pe p 841, 843 20, 997 70, 746 933, 086 
1338... ⁵ ⁵⁵⁵ 8 1,284,724 81,754 84,821 1,351,299 


T. ee ee ee eee 1,547,496 37.995 77,329 1,662,820 
SE en —————————————X—w——Á———————'——————áÓm—Á—ÁanUau 
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Table 14.—Primary and secondary copper produced by primary refineries in the 
United States 


(Short tons) 


1965 1966 1967 1968 1969 
PRIMARY 
From domestic ores, ete.: ! 
Electroly tic 1,200,532 1,213,918 754,175 1,013, 246 1,296,749 
|I [x 71,241 69,126 54,004 78,304 76,417 
Castings ERO 63,887 10,043 38,372 69, 375 95,728 
TOCA BEE 1,885,660 1,353,087 846,551 1,160,925 1,468,889 
From foreign ores, ete.: ! 
Electrolytic...................... 832,593 321, 302 258 , 478 219, 726 225,714 
Casting and best select. ........... 48,540 36,595 21,958 56,785 48,212 
Total refinery production of pri- 
mary copper 1,711,793 1,710,984 1,182,982 1,487,386 1,742,815 
SECONDARY 
Electrolytic ½ii 368,232 409, 986 818,709 327, 549 410, 749 
Casting MCN 19,879 27,977 24,568 15,869 2,094 
Total secondary 888,111 437,963 343,277 948,418 412,843 
Grand total 2,099,904 2,148,947 1,476,259 1,780,804 2,155 , 658 


1 The separation of refined copper into metal of domestic and foreign origin is only approximate, as accurate 
separation is not possible at this stage of processing. 
2 Includes copper reported from foreign scrap. 


Table 15.—Copper cast in forms at 
primary refineries in the United States 


1968 1969 
Thou- Thou- 
sand sand 
short Percent short Percent 
tons tons 
— e e 1 
Bilets......... 187 u 209 10 Table 17.—Byproduct sulfuric acid 
Cakes ........ 93 5 131 6 (100-percent basis) produced in the 
Cathodes. ..... 198 11 234 11 United States 
Ingots and 
ingot bars 238 13 255 12 (Short tons) 
Wire bars 1,050 59 1, 300 60 
Other forms 15 1 27 1 Copper Lead and Zine 
Total. . 1,781 100 2,156 100 Year plants? plants š Total 
wa -: Im luan 
16.— ion i nts, and een , , , 492,846 
Table : * 5 , gis Ha ts, and 1967. ....... 348,497 900,170 1,248,667 
stocks ot copper suitate 1968— 483, 108 989,973 1,473,081 
(Short tons) 1969. 685,775 1,086,988 1,772,718 
Production 1 Includes acid from foreign materials. 
„„ PE ? Includes acid produced at a lead smelter in 
Year Quan- Copper Ship- Stocks 1965-68. Excludes acid made from pyrites concen- 
tity content ments Dec. 31 1 trates in Arizona, Montana, Tennessee, and Utah. 
... AAA 3 Excludes acid made from native sulfur. 
1966565. 47,340 11,835 45,640 5,048 
1966 51,676 12,919 51,816 4,464 
196. 40,128 10,032 40,644 3,516 
1988 43,784 10,946 43,648 3, 380 
1969 50,568 12,642 49,558 4,248 


1 Some small quantities are purchased and used by 
n companies, so that the figures given do not 
alance exactly. 
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Table 18.—Secondary copper produced in the United States 
(Short tons) 


1965 1966 1967 1968 1969 
Copper recovered as unalloyed coprper......... 462,811 509,084 423,054 433,041 514,593 
Copper recovered in alloys II. 790, 439 825, 165 736, 853 785, 299 860, 900 
" Total secondary copper. 1,258,250 1,384,249 1,159,907 1,218,340 1,375,493 
ource: 
/ ⁰˙˙à]. ] · aed sh eos ac 739, 814 799,389 677, 248 697, 568 800, 603 
% ³˙ꝛͥ uu sis icc 513,436 534,860 482,659 520,772 574,890 
Percentage equivalent of domestic mine output. 93 93 122 101 89 


dee copper in chemicals, as follows: 1965—6,129; 1966—6,043; 1967—4,965; 1968—4,757; and 1969— 


Table 19.—Copper recovered from scrap processed in the United States 
by kinds of scrap and form of recovery 
(Short tons) 


Kind of scrap 1968 1969 Form of recovery 1968 1969. 
New scrap: | As unalloyed copper: 
Copper-base. .........- 686,841 787,727 At primary plants 343,418 412, 843 
Aluminum- base 10, 500 12, 595 At other plants 89, 623 101, 750 
Nickel- base 216 265 — —ö—jé 
Zine- base 11 16 Total coon beh see tee 433 ,041 514,593 
Total... 697,568 800,608 
=—— In brass and bronze 746,380 820, 945 
In alloy iron and steel 3, 527 ; 
Old scrap: In aluminum alloy 30,124 32, 826 
Copper- base 515, 530 568,769 In other alloy ss 511 735 
Aluminum- base 4, 600 4,973 In chemical compounds. _ _ -- 4,757 9,824 
Nickel-base. ` 600 1,103 — q 
Tin- base 17 15 d Ke d DER 785,299 860,900 
Zinc-base.............- 25 30 =—————.F 
—— ᷑— m — Grand total.......... 1,218,840 1,375,493 
Totales. A 520,772 574,890 
Grand total 1,218,840 1,375,493 


Table 20.—Copper recovered as refined copper, in alloys and in other forms 
from copper-base scrap processed in the United States 


(Short tons) 


From new scrap From old scrap Total 
Recovered by— —  —  n—T a — —ö 
1968 1969 1968 1969 1968 1969 
Secondary smelterg 65,683 72,515 262,806 277,240 828,489 349, 755 
Primary copper producers 185,752 215,561 157,666 197,282 343,418 412, 843 
Brass Illi; 88 414,891 480, 093 36,214 88,541 451,105 518,634 
Foundries and manufacturers 19,165 18 , 687 55,387 52, 856 74, 552 71,543 
Chemical plants 1,849 871 8,457 2,850 4,806 8,721 


Total: suu cece em na ERELI 686,840 787,727 515,530 568,769 1,202,870 1,356,496 
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United States 
(Short tons) 


UNALLOYED COPPER PRODUCTS 


Copper et TEE eau M I LR M M 


ALLOYED COPPER PRODUCTS 


Brass and bronze ingots: 


Tin bronze 


LEenuded tin-bFODZe. ZI u ] Ä.. ³ 3: nn T S suum yd x 8 


Leaded red brass and semired brass 
High-leaded tin bronze 
Leaded yellow brass 
Manganese bronze 


Aluminum bronze______ St Se Eege ear 


Nickel silver 


Total 
Brass-mill products 
Brass and bronze castings 
Brass powder 
Copper in chemical products 


Grand total 


Pues ig bronze production ! 


Table 21—Production of secondary copper and copper-alloy products in the 


Table 22.—Composition of secondary copper-alloy production 
(Short tons) 


Secondary metal content of 
i products: 


Secondary metal content of 
brass and bronze castings: 


Copper 


518,401 


Tin 


14,128 
14,084 


543 
739 


1,873 
1,837 


Lead 


19,917 
20,129 


3,555 
4,650 


5,853 
5,286 


Zinc 


32,785 
34,451 


126,671 
156,550 


8,382 
8,398 


! About 94 percent from scrap and 6 percent from other than scrap. 


1968 1969 
343,418 412, 843 
73,161 86,279 
15, 164 14, 545 
1,298 926 
433,041 514, 593 
16, 810 19, 225 
15,312 17,525 
172,918 177,323 
84,846 35,257 
24,586 23,627 
16,547 16,866 
12,022 11,367 
4,217 9,804 
2,980 1,255 
7,677 7,754 
13,382 12,208 
321,297 326,211 
585, 808 683, 676 
52, 869 52,154 
1,187 1,106 
4,757 3,824 
1,898,959 1,581,564 
Nickel Aluminum Total 
806 83 821,297 
876 66 826,211 
2,992 29 585,808 
8,321 15 683,676 
13 58 52,869 
15 67 52,154 
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Table 23.—Stocks and consumption of purchased copper scrap in the 
United States in 1969 


(Short tons) 
Consumption 
Stocks — P — Stocks 
Class of consumer and type of scrap Jan. 1 Receipts New Old Total Dec. 31 
scrap . scrap 
. SECONDARY SMELTERS 
No. 1 wire and heavy copper........... 2,102 47,572 7,791 89,237 47,028 2, 646 
No. 2 wire, mixed heavy and light copper. 1, 740 94, 124 16,112 76, 446 92, 558 3, 306 
Composition or red brass 4,198 94,527 23,066 71,722 94,788 8,937 
Railroad-car boxes. 182 2.401: <. su SDS 2,474 2,474 165 
Yellow brass 5,722 78,101 9,055 62,795 71,790 7,083 
Cartridge cases and brass 222 1,719 cee 1,886 1,836 105 
Auto radiators (unsweated). ........... 9,425 61,624  ........- 62,487 62,487 2,562 
Bronvae. ju cce ater w eL tu 2,852 83,623 6,176 27,749 83,925 2, 550 
Nickel silver 6,024 738 5,382 6,120 566 
Low brass 583 6,242 5,259 1,030 6,289 536 
Aluminum bronzene 158 891 246 144 890 159 
Low-grade scrap and residues 9,458 58,744 52,615 9,578 62,193 6,009 
SA aidaa 31, 304 480, 148 121,058 360, 820 481,878 29, 574 
PRIMARY PRODUCERS 
No. 1 wire and heavy copper 2,669 124,374 61,728 63,346 125,074 1,969 
No. 2 wire, mixed heavy andlight copper. 14,591 222, 837 142, 650 71, 554 214,204 23, 224 
Refinery brasg 38 3,383 : 359 3,028 398 
Low-grade serap and residues 12, 971 294, 872 67,823 211,342 218,665 29, 178 
IMM... u z. Sen ais 80,269 645,466 274,865 346,601 620,966 54,769 
BRASS MILLS 1 
No. 1 wire and heavy copper........... 7,568 135,862 111,748 24,114 135,862 8,567 
No. 2 wire, mixed heavy and light copper. 3, 788 33,729 32,777 952 33,729 2,005 
Yellow bs. 8 18,932 322, 695 322,695 322,695 25,382 
Cartridge cases and brass 5,894 130,263 110,444 19,819 180,263 8,650 
BCC ³»¹wm ⁰ m y ins 730 5,705 5,705 m ssl 5,705 784 
Nickel silver___________ 2... -.-- 7,054 15,563 15,568 ........ 15, 563 8,212 
W Drass L snc uou Li YI E e es 8,452 47,840 47,840 .......- 47, 840 3,747 
Aluminum bronze_____. 222 150 150 — 150 98 
Mixed alloy scrap... ...............-- 8,510 8,143 3:143 5. 9,143 1,340 
Total EE 51,150 694,950 650,065 44,885 694,950 63,785 
FOUNDRIES, CHEMICAL PLANTS, 
AND OTHER MANUFACTURERS 
No. 1 wire and heavy copper 2,802 80,413 10,891 19,440 30,331 2,984 
No.2 wire, mixed heavy andlightcopper. 1,641 12,750 8,995 8,958 12,953 1,438 
Composition or red brass 680 4,447 1,884 8,228 4,562 565 
Railroad-car boxes 1,817 283,446 ......... 24,262 24,262 501 
Yellow brass ------------------------ 747 7,056 4,066 8,094 7,160 643 
Auto radiators (unsweated). ...........- 974 6,601 ......... 6,763 6,763 812 
(eut ⁵ĩð,K0ö ei 528 1,184 378 1,072 1,445 267 
Nickel silver 4 28 8 
DU AA 32 424 224 213 437 19 
Aluminum bronze____.. 228 470 887 243 630 68 
Low-grade scrap and residues 2,775 2,578 1,521 3,370 4,891 462 
. ZZ LLL ya 11,228 89,450 222,814 270,697 293,511 7,167 
GRAND TOTAL 
No. 1 wire and heavy eopper. 14, 641 338,221 192,158 146, 137 338,295 15, 566 
No. 2 wire, mixed heavy and light copper. 21, 760 363, 440 195,534 157,910 353,444 29,973 
Composition or red brass 4, 878 98,974 24, 400 74, 950 99,8350 4,502 
Railroad-car boxes -...-- 1,499 25,903 ......... 26,736 26 , 736 666 
Yellow brass 25,401 402 , 852 335,816 65,829 401,645 33,058 
Cartridge cases and brass 6,116 131,982 110,444 21,655 132,099 8,755 
Auto radiators (unsweated)...........- 4,399 68,225  ......... 69,250 69,250 9,974 
EEN 4,110 40,512 12,254 28,821 41,075 8,601 
Nickel silver........................- 7,720 21,668 16,324 5,436 21,760 8,786 
Low brass. ..-.------------------------ 4,067 54,506 53,323 1,243 54,566 4,302 
Aluminum bronze 608 1,011 788 887 1,170 825 
Low-grade scrap and residues 333. 25,242 359,577 124,128 224, 649 348,772 36, 047 
Mixed alloy scra . . 8,510 3,143 8,148 ........ 8,143 1, 340 
J ¹w¹A.˙¹—w l RaRa OAE 123,951 1,910,014 1,068,802 823,003 1,891,305 145,295 


1 Brass-mill stocks include home scrap; purchased scrap consumption assumed equal to receipts, so lines in 
brass-mill and grand total sections do not balance. 

* Of the totals shown, chemical plants reported the following: Unalloyed copper scrap, 610 tons of new and 
2,668 tons of old; copper-base alloy scrap 1,160 tons of new and 1,208 tons of old. 

3 Includes stocks of refinery brass. 
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Table 24.—Consumption of copper and brass materials in the United States, 
by principal consuming groups 


(Short tons) 
Foundries, 
Primary Brass Wire chemical Secondary Total 
Year and item producers mills mills plants, and smelters 
miscellane- 
ous users 
1968: 

Copper sera 513,326 595,022 2, 922 450,264 1,661,574 
Refined copper 14. 652,450 1,189,274 32,222 6,354 1,880,300 
Brass ingoů t. 5.213 .:.--— 2321292 326, 505 
Slab zinc 146,6 3,219 11,998 161,906 
Miscellaneous ^ 2.222222 150 2,4936 2,586 
Copper scrap. ......- 620,966 694, 950 93,511 481,878 1,891,305 
Refined copper 11. 797,126 1,296,316 41,818 6,958 2,142,218 
Brass ingot. ......... ........ 6,522 2 330,019 9s 836,551 
Slab zinc ucl _ ee 160,7129888888 2,915 15, 836 179,469 
Miscellaneouͥnn sd 150 — ul 150 


1 Detailed information on consumption of refined copper will be found in table 29. 
2 Shipments to foundries by smelters plus decrease in stocks at foundries. 


Table 25.—Foundry consumption of brass ingot, by types, in the United States 


(Short tons) 

1965 

Kent EE 9,999 
Leaded tin bronze. .......................-....- 31,331 
Leaded red brass 181.773 
High-leaded tin bronze 22, 930 
Leaded yellow bragg ` 2. -.------ 19,767 
Manganese bronze.__.__....-------------------- 9,816 
HardenergB...—. ul. L Ul ete Ou, DSL 8 4,349 
Nickel silver -222a aaaaaaaaMMMMMMMMMMMMM M 3,398 
Aluminum bronze. 8,122 
Low braid EEN 2,503 
ĩõĩÜͤ6—¹iQ²7⅛ꝛ²ũb G:. . ĩ88 293,988 


1966 1967 1968 
11,174 10,691 11,745 
31,699 28,048 30,013 

174,270 145,579 149,139 
23,595 20,928 20,021 
17,349 15,866 20,428 
10,331 10,254 10,274 

4,035 4,096 3,822 
3,577 4,094 3,870 
8,361 7,953 10,202 
3,575 2,161 3,611 
287,966 250,270 268,125 


280, 477 
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Table 27.—Primary refined copper supply and withdrawals on domestic account 
(Short tons) 


1965 

Production from domestic and foreign 
GC; AA ash uu as 1,711,793 
he teg EE 37,443 
Stocks Jan. 1I __ --------------- 37,000 
Total available supply 1,886,236 
Copper exports III. 324, 965 
Stocks Dec. 31 1111I1I .. LL cL... 85,000 
l! ³·¹ endo 359, 965 

Apparent withdrawals on domestic ac- 
eh ß 1,526,000 


! May include some copper refined from scrap. 


1966 


1,710,984 
162,602 
35,000 
1,908,586 


273, 071 
43, 000 


316,071 
1,593,000 


1967 1968 
1,132,982 1,437,386 
330,347 00,278 
43,000 27,000 
1,506,329 1,864,664 
159,353 240, 745 
27, 000 48,000 
186,353 288,745 
1,820,000 1,576,000 


? Includes copper delivered by industry to the Government stockpiles. 


Table 28.—Refined copper consumed, by class of consumers 
(Short tons) 


Year and class of consumer Cathodes Wire bars 
1968: 
Wire mills. ..........- 16,682 1,164,933 
Brass millis 141,836 , 
Chemical plant. 
Secondary smelters ... 3,583  .......- 
Foundries............ 501 65 
Miscellaneous 111. 1,959 69 
!( L 2 L SL 164,511 1,191,677 
1969: 
Wire millss 50,631 1,237,939 
Brass mills 183,644 847 
Chemical plantndzdz ...d 
Secondary smelters. . .. 8,866 ......... 
Foundries............ 1,434 224 
Miscellaneous 11. 1,574 790 
Doll!!! 241,149 1, 270, 800 


Ingots 
and 
ingot 

bars 


179, 802 


122,377 


(9 
172,264 


172,502 


Billets 


258,978 


Other 


10,531 
57,746 
128 
2,624 
67 
1,280 
7,747 


19, 592 


1969 


1.742, 815 


131,171 
48,000 


1,921,986 


200,269 
39,000 


239, 269 


1,683,000 


Total 


1,189,274 


1,880,300 


1,296,316 


97,126 


2,142,218 


1 Includes iron and steel plants, primary smelters producing alloys other than copper, consumers of copper 
powder and copper shot, and miscellaneous manufacturers. 
2 Included with “Billets” to avoid disclosing individual company confidential data. 


3 Includes “Cakes and slabs" to avoid disclosing individual company confidential data. 


4 Included with “Other” to avoid disclosing individual company confidential data. 
5 Includes “Ingots and ingot bars” and “Cakes and slabs” to avoid disclosing individual company confi- 


dential data. 


Table 29.—Stocks of copper at primary 
smelting and refining plants in the 
United States, Dec. 31 


(Thousand short tons) 


Blister and 
Refined materials in 
Year copper ! process of 
refining ? 
1965- %«»Üõ] P REELS 35 246 
1966s z; A.. re 43 270 
1961. oe eee le 27 220 
1908 ower tee 48 272 
1969-5. 22 88 39 291 


1 May include some copper refined from scrap. 
2 Includes copper in transit from smelters in the 
United States to refineries therein. 
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Table 30.—Stocks of copper in fabricators' hands Dec. 31 
(Short tons) 


Stocks of Unfilled pur- Unfilled Excess 
refined chases of Working sales to stocks over 

Year copper! refined copper stocks customers orders 

from producers booked * 
(1) (2) (3) (4) 

E LEE 462,519 129,349 395,396 288,681 —92,209 
JJ. ⁵ 8 558, 599 134, 732 407, 345 361 , 559 — 75, 573 
1d 8 479,572 98, 716 415, 765 269,474 — 106,951 
.. eco eho 514 , 5538 128,919 420, 186 273, 469 —50, 183 
www ³ð d 8 502, 300 99,232 412, 734 256,299 —67, 501 


1 Includes in- process metal and primary fabricated shapes. Also includes small quantities of refined copper 
held at refineries for fabricators' account. 


2 Columns (1) plus (2) minus (8) and minus (4) equal column (5). 
Source: United States Copper Association. 


Table 31.—Dealers’ monthly average buying price for copper scrap and consumers’ 
alloy-ingot prices at New York in 1969 
(Cents per pound) 


Grade Jan. Feb. Mar. Apr. May June 
No. 2 copper sera 87.69 89.34 39.78 43.9F 42.12 42.79 
No. 1 composition scrap..............- 32.95 33.50 84.78 85.14 37.12 37.79 
No. 1 composition ingot............... 47.07 48.75 48.75 51.52 52.75 52.75 
July Aug. Sept. Oct. Nov. Dec. Average 
No. 2 copper scrap _.....------.----- 41.09 44.17 44.88 44.00 44.88 49.81 42.88 
No. 1 composition scra 36.09 39.09 39.38 38.50 38.62 41.50 37.04 
No. 1 composition ingo 51.32 52.04 52.75 52.75 54.59 58.00 51.92 


Source: Metal Statistics, 1970. 


Table 32.—Average weighted prices 
of copper deliveries 1 


(Cents per pound) 


Domestic Foreign 


Year copper copper 
Ee 35.4 86.5 
19656... ͥ ͤ 222 Leer m Esa 86.6 50.5 
J ee eae 38.6 48.2 
1968 EE 42.2 51.4 
9 88 47.9 63.2 


1 Covers copper produced in the United States and 
delivered here and abroad and copper produced 
abroad and delivered in the United States. 


Source: Bureau of Mines reports from copper sell- 
ing agencies in 1965 and Metals Week, 1966-68. 


Table 33.—Average monthly quoted prices of electrolytic copper for domestic delivered 
in the United States and for spot copper at London 
(Cents per pound) 


1968 1969 

Month Domestic delivered Domestic delivered 
—  ,K q London — — — — rondon 

American America 
Metal Market Metals Week Metals Week Metal Market Metals Week Metals Week 

January..... 88.12 (2) 64.08 43.03 43.90 56.61 
February.... 38.12 (2) 78.22 44.12 44.23 58.04 
March. 88.68 (2) 77.06 44.12 44.79 57.75 
April 42.12 (2) 56.92 44.12 44.95 62.74 
May.......- 42.12 2) 49.47 45.50 45.89 62.74 
d'une. 42.12 42.50 51.16 46.12 46.42 66.88 
July 42.12 42.11 47.58 46.12 46.45 65.64 
August 42.12 42.10 47.71 48.03 48.32 72.38 
September. 42.12 42.12 50. 06 51. 55 51.76 71.11 
October 42.12 42.11 48.74 52.12 52.48 70.19 
November 42.12 42.11 49. 56 52.12 52. 52 73.84 
December 42.12 42.11 53.35 52.12 52.89 76.96 
Average. 41.17 42.25 56.13 47.43 47.93 66.24 


! Based on average monthly rates of exchange by Federal Reserve Board. 
? Suspended. 
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Table 34.—U.S. exports of copper by classes and countries 


Year and country 


Ar 
Belgium-Luxembourg. 
Brazil... 


Oceania 


United Kingdom 
Yugoslavia... .......- 
Other............... 


Belgium-Luxembourg. 
Brazil... 


France.............- 


Ore, concentrates, 


and matte 
(copper content) 
Short Value 
tons (thousands) 
64,990 $46,902 
—— 150 159 
HG 978 980 
DIS 48 55 
— 1 10 
1,177 1,195 
Blister 
Short Value 

tons (thousands) 
15,749 $11,579 
~ 1,600 1,826 
goes 127 107 
285435 2.5315 
55 53 
60 60 
27 32 
n 29 24 
BEEN 1 1 
4,340 8,918 


See footnotes at end of table. 


Refined 
Short Value 
tons (thousands) 
240,745 $235,450 
62 74 
191 202 
2,206 2,620 
17,065 19,040 
20,428 21,802 
17,055 19,543 
26,282 31,074 
12,955 13,904 
87,953 41,910 
14,942 16,539 
18 16 
8,295 9,849 
50 58 
2,705 8,209 
4,605 5,461 
2,850 2,783 
24,436 29,831 
713 3,167 
5,950 6,980 
200,269 228, 072 
Pipes and tubing 
Short Value 
tons (thousands) 
598 $1,219 
17 89 
3 6 
5 15 
376 667 
6 24 
185 348 
83 58 
1 8 
14 35 
9 16 
2 12 
15 40 
10 25 
OI (1) 
7 22 
1 1 
2 4 
1 2 
6 14 
1 1 
258 593 
952 1,925 


Scrap 
Short Value 
tons (thousands) 
84,109 $30,058 
8 8 
1,598 1,293 
1,847 1,644 
+ 870 788 
27 23 
243 177 
1,204 1,068 
22 19 
71 86 
Dt 479 406 
20 27 
SEE 82 85 
1,083 1,110 
61 6 
7,592 6,793 
Plates and sheets 
Short Value 
tons (thousands) 
144 $292 
1 2 
1 1 
3 6 
— 88 588 
12 24 
23 87 
SYST 1 23 
6 11 
14 27 
1 3 
BEE p. EE 
1 7 
5 CH) 
— 24 4432 
425 763 
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Table 34.—U.S. exports of copper by classes and countries—Continued 


Wire and cable, bare Wire and cable, Other copper 
insulated manufactures ? 
Year and country 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
1968. 2252252: 2,450 $3,082 19,946 $38,002 4,669 $5,681 
1969: ` 
Africa. F 875 1,303 2,869 8,849 9 11 
Argentina 4 6 44 229 1 1 
Belgium-Luxembourg. 14 18 44 836 5 6 
Brazil... 65 78 98 531 2 2 
Canada 626 835 8,204 25,180 448 697 
r 83 185 1,059 1,802 2 8 
Colombia 117 138 79 224 205 1,118 
e eue 153 206 105 733 89 78 
Germany, West 83 75 823 1,966 100 117 
Indi: 13 DU "i uote uuo (a M Ts. 
Haly. 18 89 173 1,115 1 
Japan 4 17 250 845 24 48 
Mexico 229 370 2, 077 3,992 18 133 
Netherlands (1) 1 81 423 11 86 
Oceania 31 46 224 785 (1) (1) 
FEET — 8 66 169 (1) 1 
Spin 5 135 S§öÜà—a s é 
Sweden 76 113 161 719 1 5 
Switzerland 46 64 93 301 1 3 
United Kingdom 18 39 282 1,787 14 28 
Yugoslavia... ....... 1 1 19 52 160 178 
Other 2, 295 2,959 6,586 13, 887 8,561 8,694 
Pot! 4, 696 6, 456 22, 980 59,377 4,602 6,160 


1 Less than Le unit. | 
2 Does not include wire cloth: 1968: 975,618 square feet ($635,269); 1969: 842,072 square feet ($480,389). 


Table 35.—U.S. exports of copper by classes 


Ore, concentrates, Refined copper 
and matte (copper Blister and 
content) semimanufactures 
Year 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
Ee Ee 88,710 $22,928 20,982 310, 023 200, 084 $218 ,044 
KiC 64,990 46,902 15,749 11,579 297 ,992 808,098 
939. A EEan 1,177 1,195 4,840 8,918 236,914 308 , 386 
Other copper manufactures ! Total 
Short tons Value Short tons Value 
(thousands) (thousands) 
OG EEN 6,570 $7,472 266,346 $254 , 067 
1966.2 os ee 4,669 5,681 888 , 400 372, 260 
1 9899.ͤ aa i a 4,602 6,160 247 , 083 314,659 


1 Does not include wire cloth: 1967: 1,394,086 square feet ($1,018,863); 1968: 975,618 square feet ($685,269) , 
1969: 842,072 square feet ($480,389). 


Table 36.—U.S. exports of copper-base alloy (including brass and bronze), by classes 


1968 1969 
Class 
Short Value Short Value 
tons (thousands) tons (thousands) 
88 ; 

Scrap and wast- ðwOwm. ]ð . eae eed 85,949 60,667 78,888 64,517 
Bars, rods, and shapes 1,629 2,898 2,078 4,019 
Plates, sheets, and strips. _.--.-------------------- 1,229 4,342 2, 326 7.744 
Pipes and tubing J 8 1, 520 2, 966 1,762 8,317 
Pipe fittings. ee 2,757 8,813 8,520 10,699 
Plumbers’ brass goods —-—— 1, 156 2, 697 1, 195 3,142 
Welding rods and wire kk 1,079 2,4930 1,228 2,728 
Castings and forgings. ....-....--.---------------- 564 833 1,110 1,620 
Powder and flakes__.......-........-.--.--------- 1,154 1,807 1,751 2,837 
EE 725 2,279 1,162 3, 566 
Articles of copper and copper- base alloys, n. e. (1) 7,858 (1) 5,834 
TOGA E" ⁵ % ð ⁵ 98,534 98,322 94,808 111,048 


1 Quantity not reported. 
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Table 37.—U.S. exports of unfabricated 
copper-base alloy 1 ingots, bars, rods, 
shapes, plates, sheets, and strips 
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Table 38.—U.S. exports of copper sulfate 


(Blue vitriol) 


Year Short tons Value Year Short tons Value 
(thousands) (thousands) 

I!. See 4,508 $8,322 
J 3.680 — 8,4722 1968-27 9718 
999 eee 4,737 12,793 196 9 3,127 2 385 

1 Includes brass and bronze. 
Table 39.—U.S. exports of copper scrap, by countries 
Unalloyed copper scrap Copper alloy scrap 
1968 1969 1968 1969 
Country 

Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands sands) sands) sands) 
PSUR 2. 2 L L ? d ] . )!... 8 692 3524 
Belgium- Luxembourg 1,278 $900 1,593 $1,293 10,887 $7,377 15,936 12,590 
Canada .. ee 28,436 25,372 1,884 1,644 18,866 14,799 4,250 3,685 
France................-- 2 20'. S226. 8 212 250 43 44 
Germany, West 1,131 1,002 870 188 8,7386 6,900 17,494 16, 260 
1 ³⁰¹Ä—Z—.] mwmʒd ð . a 27 28 77 67 98 91 
Israe (1) CCC 362 262 
Italy.......- F 163 135 243 177 10, 412 6,630 7,140 5,576 
Cr ne 1,385 1,038 1,204 1,068 25,934 16,993 24,702 19,181 
Mexico 342 386 22 19 143 146 253 283 
Netherlands 38 26 71 86 643 510 719 890 
DOIN Jee See 8 554 521 479 406 8,372 2,450 2,8833 2,656 
Sweden 2 2 20 27 1,721 1,186 1,931 1,319 
United Kingdom 120 101 82 83 3,018 2,002 547 506 
Vugosla via 583 501 1,088 1,110 593 467 93 119 
Ge. anne ah 57 49 6 69 1,275 890 645 583 
Total.. ` 34,109 80,053 7,592 6,798 85,949 60,667 78,338 64,519 


1 Less than 14 unit. 


Table 40.—U.S. imports for consumption of copper scrap, by countries 


Country 


Krater 


Honduras ces . .. . oe oe etc eee ces 


r Revised. 


Unalloyed copper scrap (copper content) 


1968 1969 
Short Value Short Value 
tons (thousands) tons (thousands) 
6 $38 28 $20 
9,385 10,235 3,446 3,222 
aa Mc 8 81 97 
JJ ET Zar de DE E 104 87 
I HM (8 7 9 
11 17 2 3 
107 81 65 64 
385 474 6 7 
899 697 1,958 1,648 
1 8 1 2 
ue nit ur (T 20 18 
405 329 47 68 
310 243 124 110 
11,571 12,117 5,889 5,355 
Copper alloys scrap 
1968 1969 
Short Short Value Short Short Value 
tons tons (thou- tons tons (thou- 
gross copper sands) gross copper sands) 
weight content weight content 
4 8 $2 25 20 $16 
2,529 1,726 1,733 2,946 1,493 1,685 
86 65 55 109 65 
3 1 By uitio uis. case. nuan na 
220 198 130 421 385 296 
32 25 A HEEN 
r 59 r 89 r 32 33 22 21 
22 19 22 27 9 5 
67 55 45 33 25 21 
r 8,022 2,131 r 2,042 2,994 2,035 2,109 
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Table 41.—U.S. imports 1 of copper (unmanufactured), by classes and countries 
(Short tons, copper content, and thousand dollars) 


Ore, concentrates Matte Blister 
Year and country 
Quantity Value Quantity Value Quantity Value 
1388 Sanam aaa AAA E ns 82,891 $28,328 80 $110 269,322 $215,064 
Australia 942 ;ö»ͤÜui . d rre 
Canada......................- 6,711 5,776 503 487 155 1 

Eeer, See JD Ace ED 8 136,320 108,256 
// ³˙¹¹ K 217 95 2 (2) 5,0 , 960 
Peru: ee 4,637 4,409 2... See 89,033 81,912 
Phili Piri 8 14,543 15, 258^ % "X uu eet ete 
South Africa, Republic )))) le C spa VE K 38,243 30, 696 
o ee xa AME E Sus tum 8 2 1,900 , 845 
F occas aE 27,050 26,280 509 490 270,718 227,814 

1969: 
Australia 1,662 o ˙: m1 A se 558 599 
/// AA 8,862 8, 523 319 414 71 72 
6 ⁵ð / ³ AA cum s Lo. lu ³ 100, 768 82, 980 
e u S i 89 807 Ee, 88 „816 2,990 
POM ci z; ͤ- ł r S 9,664 12,003. ůO3ů³Mum 8 107, 385 120, 367 
Philippines 18,267 23,807 2 FFT. mum t 
South Africa, Republic oft 25,160 21,184 
Mr ³AAA 180 128 3 3 1,191 1,673 
Total. zz ulus ee ete 88,724 46,075 324 419 287,949 229,865 

Refined Scrap Total 
Quantity Value Quantity Value Quantity Value 

1883 JJ dc e a AD 880,571 $310,304 16,868 $14,551 649,227 $568,352 
Australia. 4,036 4 9887 J. i102 nios. 4,978 5,680 
Belgium- Luxembourg 57,859 LTE D EEN 57,859 67,395 
Cn ein 135,115 121, 656 8,050 8,692 150,584 186,756 
e ines hande A 42,86 47,198 1,362 1,508 180,542 156,957 
Germany, West 55,263 67 , 038 11 17 55,274 67,055 
LC EE 1,121 1,592 899 697 7,306 ,944 
Netherlands 3,699 4, 290 1 3 8,700 4,293 
e EE EE EA 18,525 !; unLees 112,195 105,938 
eee ß de, ` tee QS „544 15, 259 
South Africa, Republic Ol... iculs 4,648 D,04D- «2222225 i 42,891 86,341 
United Kingdom. .............. 22, 572 29, 098 405 329 22, 978 29, 429 
Yugoslavia. __...-..-..-..-..--- 9,740 T2986) e — Lees 9,740 11,986 
Zambia 22,898 27.90]: 2-2. d 22,898 27,301 
Other. ls --mA ꝛ Luto DL 21, 942 27, 508 692 706 24, 536 80,059 
TOUR EE 400,278 485,257 11,420 11,952 709,975 701,798 

1969: 
Australia 5, 601 6,062 (2) (2) 7,821 8,195 
Belgium- Luxembourg 47 68 22 22 495 656 
Canada: uu Ol ce 84,941 80,781 8,446 8,222 97,639 93,012 
Chile csoc iuuse c ene 21,470 19,980 8 97 122,319 103,057 
Germany, West 2,574 8,619 8 , 576 „622 
J777%%§˙ͤÜ˙é!? xx Se C 248 333 1,958 1,648 5,111 5,051 
5: sss VVV 222 320 223 322 
n 8 4,372 5,658 ........ -------- 121,421 188,028 
Phili Ii ³ðVÄ d Zë "Eed 18, 269 23, 809 
South Africa, Republic of 7 y 25, 160 21,184 
United Kingd EE 8,950 5,217 47 68 8,997 5,285 
Yugoslavia. Gs S MORD ROSA ER HEN 1,663 rr “elses 1,663 2,145 
Ké TEE 999 / A 999 1,889 
Bi dE 4,658 6,485 832 293 6,864 , 582 
f/ ˙·˙A 131,171 132, 573 5, 889 5,355 414,057 414,287 


1 Data are general imports; that is, they inelude copper imported for immediate consumption plus material 


entering the country under bond. 
2 Less than Le unit. 
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Table 42.—U.S. imports 1of copper (unmanufactured), by countries 


1968 1969 
Country — —————— 
Short Value Short Value 

tons (thousands) tons (thousands) 
Australi. 2 eris ⅛˙Ü¹]. ⁰ :... ĩð A Mai nc a Suv 4,978 $5,680 7,821 $8,195 
Belgium-Luxembourg . EE 57,859 67,395 473 634 
: ³Ü¹ A0] oe eee ele 8 150, 534 136, 756 94,193 89,790 
Chicos c uU n octauo ud a S AR ĩñ ß ac E 180,542 156,957 122,238 102,960 
Germany, West... 55,274 67,055 2,574 8,619 
E ³ K 7,306 7,344 8,153 8,408 
A etherlands 2. 52) wc weed Geet Seege SEL 8,700 4,293 222 820 
|o) EE 112,195 105,938 121,421 138,028 
PRMD DINGS io cae a A 8 14,544 15,259 18,269 23 , 809 
South Africa, Republic off 42,891 86,341 25,160 21,184 
United Kingdom meo 8 22,978 29,429 8,950 5,217 
DAIT AT EE LL LL A E LE 9,740 11,986 1,663 2,145 
l ⅛ ¶ 8 22,898 27,301 999 1,339 
OUD EES 24, 586 80,059 6,082 8,289 
7JõĩͤĩÜĩÜð—C“D pe ML sane ers ee Na e 709, 975 701 , 793 408 ,168 408 , 982 


1 Data are general imports; that is, they include copper imported for immediate consumption plus material 
entering the country under bond. 


Table 43.—U.S. imports for consumption of copper (copper content) by classes 


Ore and 
concentrates Matte Blister 
Year Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
hö Enc te ee LLL E 85,673 $28,820 2 $35 270,728 $217,478 
1968... et eee EL SS s 2 71,884 66,291 8 4 274,180 224,018 
999;ö;—ẽꝛ y y eee 3, 588 3,274 6 17 241,712 233, 265 
Refined Scrap 
Total 
Short Value Short Value value 
tons (thousands) tons (thousands) (thousands) 
1//õ§%.Gͤ˙n¶ . 8 332, 290 $311,415 16,717 $14,802 $572,545 
ö WAV 403, 630 438, 608 11, 571 12,117 741, 038 


1989.3 323 ancients 131,171 132,573 5,889 5,355 374,484 
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Table 44.—World mine production of copper, by countries 1 2 
(Short tons) 
Country 1967 1968 1969 p 
North America: 
Er H, TEE r 618,318 633,313 551,427 
Hai v ceci F ent EE ,090 ,760 1,980 
Moxico EE 61,725 67,362 72, 986 
EE 10,291 12,695 4,583 
United Stats 8 954, 064 1,204,621 1,544,579 
South America: 
rr. ³ðW6W6QA h — 552 46 465 
BSI ³ ³ / ⁰:m:m LU LL D ba 6,710 7,861 8,800 
7! ³ĩ%ͤ³ AA ae AA 8 2,369 2, 97 4,078 
JJJCöĩ§ĩ§ĩ§[i «⁵ ee 731,789 784, 870 768, 716 
Dominican Republic 1 5 
E, TEE 5 
Bel lil u u “ I iu zs nasa EE r 212,402 234, 282 227, 235 
Europe: 
RT ß e LLL sS 6, 600 6,600 6,600 
J%öÜ˙ðbm᷑ ² ³ A A y EE 2,156 2,828 2,595 
TEEN 38,700 41,116 42,000 
Czechoslovakia. 4,300 4,960 5, 300 
( ⁰⁰———ↄ2— r 2 EE 32,227 33,271 86,650 
lRébr. e M cul co cie uA ML ß Notare a 446 e 450 450 
Germany: 
TGS ou eu ucc DU uia AU 22, 000 22, 000 22,000 
7%»’Ü¹v ch y SL du 1,300 1,475 1,592 
!A ³⁰üm . 8 3, 887 7,275 6,614 
§⁵%êj«4 ³˙Ü¹ m y 8 1,851 2,540 2,648 
e ß dc eurn su ELM LE 15,927 18,492 22,962 
C EE EE e 18,182 29,321 53, 200 
Portugal ©. ⁰ Vn uu ek, SoG Soe seas 4,087 , 984 4,593 
Span ec ou e ELE LO ]ð:uſꝓdddſ pouce E E LE 9,437 9,220 11,239 
9 ⁵ ete hee eee 16,849 e 20,100 27,778 
ICI ͤ—. eR esa asua asas 880,000 936,963 992,100 
Kart AT EE 69,593 71,698 98,100 
Africa: 
Ci r 1,175 e 986 
Congo (Kinshasaao))9hz zz 351,511 357, 700 399,274 
ww ³·¹äq⁊ (/ſ AA „784 3,358 8,342 
Rhodesia, Southern 2 LLL Lll Ll... r 19,840 19,840 26,450 
South Africa, Republic of ¢._._......------.----------- r 165,350 160,937 163,100 
South-West Africa 37L LL LLL eee 85,591 84,690 80,450 
// ee ese ⁰-m;r!! ð 8 19,181 20,560 21,825 
TEE 729, 789 733,115 824,711 
Asia 
Buma EE 80 44 44 
China, mainland e __ _ lll l ll l.l... 88,000 99,000 110,000 
VPTUS KEE 17,089 18,778 21,968 
India: ceso EE EE 9,462 10,220 11,089 
Ee e ul b.e. umi f cree N Metis 660 660 660 
EN e |... ee ³ꝛ1ꝛð³ö ⁰⁰ryt Ne c EC 7,812 8,500 8,800 
ET EE 130,878 132,202 132,584 
Korea: 
P 22h22 x20 ³AA³ A a ibas d 13,200 18,200 18,200 
“lll aaa A a E A 1,542 1,323 1,466 
, ß 94,161 121,557 144,878 
Talwah*. zu uyu Su l dd Eee ais 2,030 2,600 2,600 
TUIK6V. e p houyemen c me tone eee eee Lm i d 84,707 81,771 30,060 
Oceania: 
,, ß a a E r 102,705 120,456 143,845 
Fiir y ⁰⁰ ee e 925 4 
Total EE 5,551,797 6,012,100 6,612,276 
e Estimate. P Preliminary. r Revised. 


1 Figures shown represent copper content (recoverable where indicated) of ores mined when available data 
are adequate. If data for ores are incomplete or lacking, the figures include the nonduplicative copper content 
of „ matte, metal, or other copper-bearing products, measured at the least stage of processing 
represented. 

S Angola, Congo (Brazzaville), Cuba, Hungary, Kenya, and Malaysia also produce copper, but production 
data are not available. 

3 Recoverable. 


4 COMIBOL production plus exports by small and medium mines. 


s Includes copper content of cupriferous pyrites. 


6 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 


7 Output of Tsumeb Corp. Ltd. 
8 Totals are of listed figures only. 
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Table 45.—World smelter production of copper, by countries 1 


(Short tons) 
Country 1967 1968 1969 p 
North America: 
REH, TEEN r 499,845 524,955 450,654 
E EEN 60,012 65,816 62,468 
United States 222222 ccc LLL cll LLL Lll lll „„ 862,340 1,351,299 1,585,491 
South America: 
FFI!!! e 8,850 3,850 8,850 
Chile- c5 eee RI e ea ee 695,437 691,646 726, 577 
JE! ³˙¹¹¹¹ ³⁰³ ⁰ AAA ets r 177,650 205, 167 186,033 
Europe: 
Albanian J 8 4, 620 e 6,600 6,600 
BC ée E EE 19,223 19,962 21,302 
Bulgaria. 2. seed cee y ⁵ĩð EE 86,950 40,234 44,000 
Czechoslovakia... 2. Ll. - l2... lll... 12,210 12,956 13,400 
(NON, KEE 87,659 89,567 37,342 
Germany: 
East ti -——-——— : ĩ³Ä 44, 000 44, 000 44, 000 
West tip es . aaa r 392 , 056 449,078 443,274 
(// u Eed 22, 379 25, 995 30, 699 
Poland kuc ß ß Sus u LN DE IE r46,517 48,060 60,300 
Nj TEE EE 81,961 50,313 41,468 
LE EE r 52, 570 51, 478 57, 100 
U SO KR: MORD" 880,000 937,000 992,000 
/// o/ ͥ EU 8 r 72,961 77,221 90,392 
Africa: ; 
Congo (Kinshasa). .---------------------------------- 351,512 357,700 399 ,274 
South Africa, Republic of 140,544 141,351 139,095 
South-West Africa )) h 37,400 35, 706 30, 293 
Uganda; coc ³ . ⁵ ⁰ 8 15, 897 17,192 18,267 
d F ce ae EN . ees eee cee ese 679 , 762 733,775 828,969 
sia: 
China, manlande „„ 90,000 110,000 110,000 
IO I£. e. ccc SS Lo uL cd ĩͤ v Sasa d. 9,812 10, 236 9,657 
JJJJJ)G0öõ˙ê˙;ê1³iẽ «ð ͤð : d La . ̃ ͤ y 517,986 604, 518 693, 523 
Korea 
Nl! ust c oe Sm 13,000 13,000 13,000 
South © o ot oe ee ore N eee wee ied E 4,075 5,022 6,856 
C7 .- 2-20. ͥ ⁰⁰⁰ ee ee aes 8,301 2,802 8,184 
KIK EEN 27,980 26,036 21,242 
Oceania: Australian 79,308 102,520 127 , 407 
Total EE 5,922,806 6,805,050 7,292,717 


e Estimate. p Preliminary. Revised. 

1 Data include blister copper, refined copper of nonblister origin, and refined copper derived from unreported 
quantities of domestically smelted blister copper. Data are presumed to represent primary copper unless other- 
wise indicated. Copper is also produced in Southern Rhodesia, but output data are not available. 

2 Smelter output from domestic and foreign ores, exclusive of scrap. Production from domestic ores only, 
exclusive of scrap, was as follows: 1967—841,843; 1968—1,238,951; and 1969—1,547,494. 

3 Includes secondary copper. T 

4 Belgium reports a large output of refined copper which is believed to be produced principally from crude 
copper from the Congo (Kinshasa); it is not shown here, as that would duplicate output reported under latter 
country. 

5 May include some scrap in raw materials; excludes fire-refined copper. 

* In Norway copper is derived from Canadian copper-nickel matte, copper content of which may be included 
in production figure for Canada. Norwegian smelter output from domestic ores was approximately 6,800 tons 
in 1967, 6,000 tons in 1968, and 6,400 tons in 1969. 

7 Output of Tsumeb Corp. Ltd. 

8 Secondary copper only. 

9° Totals are of listed figures only. 


COPPER 48] 


Table 46.—Chile: Exports of copper, by principal types 
(Short tons, copper content) 


1968 r 1969 » 
Destination Refined Refined 
————————— Blister Tota]  ——— — — Blister Total 
Electro- Fire- Electro- Fire- 
lytic refined lytic refined 

Argentina... 17, 608 5,08 22,696 25, 775 6.277 - 82,012 
Australia 338 J! ·‚ A tee, ee a 
Austria... u... u. u l 991 asus zog. Sees 931 'ÄPll Sects 
Belgium.................  ......- 1,400 9,568 10,968 10,515 1,340 1,018 12,868 
Brazil 2 u eae 7,497 1,444  ....... 8,941 11,063 485 ....... ; 
Colombia. "IA 3 712 1 3830 
Denmark 110 922ꝗn? 8 1,092 1,847. 2-6 Sei bus 1,847 
Finland. 2  . oll E GE 8,527 1.949. sree ues 1,343 
Fran te 28,645 13,928 37,578 34,701 21,2008 55,904 
Germany, West 88,367 14,536 20,468 128,866 90,605 15,164 27,988 133,707 
VC ĩ ²˙ AA a 35,400 18,057 1,315 54,772 48,933 21,187 1,98 72,102 
JON ON ns Ses SL Esa 25,467 ....... 19, 998 45,465 24,558 28,588 53, 142 
Netherlands A EE 1.216 — 967 ities eked 
Norwayo eee 9.021 2l. mbi 8,527 !! ees 5,081 
Spi EE 6,828 1,344 675 8,842 6,883 1,344 4,274 12,001 
Sweden 18,518 9,801 8,542 36,856 19,011 9,279 7,778 86,068 
Switzerland 1,719 1,702 |: 8,421 1,788 1,456 ....... 8,244 
United Kingdom 63,551 19,224 39,085 121,810 65,071 19,102 39,821 123,994 
United States 28,191 1,560 147,711 177,462 25,900 ....... 95,893 121,793 
OUh@P s eo ᷣ A “Bein 205 — 205. 2i: I0l. 4 101 

Totals... en 827,074 89,337 247,807 668,718 374,809 97,278 207,280 679,867 


p Preliminary. r Revised. 
Source: Corporatión del Cobre de Chile. 


Table 48.—Canada: Copper production 
(all sources) by Provinces 1 


(Short tons) 
Provinces 1968 r 1969 » 
British Columbia 80,561 81,344 
. Manitoba 34,583 37,042 
Table 47.- Peru: Copper production New Brunswick. ............. 8,265 7,062 
Short t Newfoundland 28,299 19,389 
(Short tons) Northwest Territories 866 536 
Blister Refined Other Total Otero... 290,818 228,944 
me —— 185,394 39,257 84,751 212,402 Sib 122.9 18,011 
NS I ; ,114 4, "wii dr E C E T ! r 
1969_______- 148,043 37,991 41,201 227,285 "Um Territories id NL ss 
. OE Total 688,918 558,228 


r Revised. p Preliminary. 
1 Blister copper plus recoverable copper in matte 
and concentrate exported. 


Source: Dominion Bureau of Statistics, Depart- 
ment of Trade and Commerce, Dominion of Canada, 
Canada s Mineral Production, Preliminary Estimate. 
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Diatomite 


By J. M. West? 


Production and sales of diatomite rose 3 
percent in quantity and 8 percent in value 
in 1969, owing mainly to increased demands 
for filtration and filler products. The 


United States continued as the worlds' larg- 
est producer of diatomite and as the domin- 
ant source of filtration quality materials. 


DOMESTIC PRODUCTION 


Production of prepared diatomite in 1969 
was higher in California and Nevada but 
declined in Washington. Oregon and Ari- 
zona continued to report small outputs for 
pozzolan and fillers, and Maryland recorded 
initial small production of a product desig- 
nated for miscellaneous uses. California 
remained the largest producing State, with 
Nevada second. During the year, 12 com- 
panies with 13 plants produced diatomite. 

Johns-Manville Corp., with facilities near 
Lompoc, Calif., was the leading producer, 
followed by GREFCO, Inc., with operations 
in California and Nevada, and Eagle-Picher 
Industries, Inc, the principal Nevada pro- 
ducer. Equipment expansions and plant 


improvements were completed by producers 
in both States. In addition to the usual line 
of products, synthetic silicates were pro- 
duced from diatomite at the Johns-Manville 
operations in California. 


Table 1.—Diatomite sold or used by 
producers in the United States, 
3-year totals and 1969 


Domestic produc- 


Year tion (sales), Average value 
short tons per ton 
1957-59. ......- 1,849,340 $45.73 
1960-62. ....... 1,446,625 50.08 
1963-065 1,740, 833 50.40 
1966-68... ..... 1,881,877 54.18 
1959... 598,482 60.96 


CONSUMPTION AND USES 


Demand for filtration products continued 
to grow both in quantity and in proportior. 
to total diatomite products purchased in 
1969. Use of diatomite for fillers also ex- 
panded, although not enough to maintain 
a proportionate share of the total sales. 
However, the statistical decline of 1 percent 
was not considered significant. Use in in- 
sulation and abrasives remained about the 
same; quantities for other uses, including 
pozzolans and light-weight aggregates, de- 
clined. 


Table 2.—Domestic consumption of 
diatomite, by principal uses 


(Percent of total consumption) 


Use 1965 1966 1967 1968 1969 
Filtration 44 46 48 55 58 
Fill ers 20 20 18 21 20 
Insulation . 6 5 4 4 4 
Miscellaneous. 30 29 30 20 18 


1 Physical scientist, Bureau of Mines, San Fran- 
cisco, Calif. 
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PRICES 


Prices of virtually all products except 
those in the miscellaneous category rose 
substantially in 1969 because of higher pro- 
duction costs, as reflected in the average 
unit values given in table 3. Market prices 
for diatomite products varied according to 
the quotations of individual producers. 


Table 3.—Average annual value per ton 
of diatomite, by uses 


Use 1968 1969 
Filtration. n. $67.74 $70.14 
Insulation 44. 50 46.12 
Abrasives. 128.70 134. 19 
IIC. ĩͤ u l SLO 57.20 61.26 
Miscellaneous 35.34 35. 05 
Weighted average 57.98 60.96 


FOREIGN TRADE 


U.S. prepared diatomite, mainly filtration 
grade, was exported to countries through- 
out the world. Canada received about one- 
fourth of such exports. The average value 
of all exports was 577 per ton. Imports 
totaled 47 short tons with an average value 
of $180 per ton. Sources were Canada, Mex- 
ico, the United Kingdom, and West Ger- 
many. Based on unit values, part of the 


imported material was probably abrasives or 
related products. 


Table 4.—U.S. exports of diatomite 


(Thousand short tons and thousand dollars) 


Year Quantity Value 
1967 eee 148 $11,324 
1968 r... 164 11,993 
1969. 176 13, 510 
r Revised. 


WORLD REVIEW 


World production continued to rise, fol- 
lowing established trends. Major producers, 
in order of importance, were the United 
States, the U.S.S.R., France, Italy, and West 
Germany. Many countries produced rela- 
tively small tonnages of impure diatomite 
not suited for processing to the higher 
quality products. 

Expansion of the Johns-Manville Govern- 
ment-of-Iceland diatomite plant at Myvatin, 
Iceland to 25,000 tons per year capacity was 
slated for completion in 1970. The name 
given this combined enterprise was Kisilid- 
jan, h.f. The Johns-Manville Diatomica San 
Nicolas operation in Mexico was reported 
to have increased capacity by 50 percent 


during the year. Deposits near Quesnel, 
British Columbia, were under investigation 
for a possible large scale development by 
a major U.S. firm. The area is north of 
Williams Lake. In the same area, Crownite 
Industrial Minerals Ltd., a subsidiary of 
Dome Petroleum Ltd., developed a mine 
and erected a plant designed for a capacity 
of 80,000 tons per year. Production was to 
begin in early 1970.2 Products from the 
operation were to consist chiefly of poz- 
zolans, fillers, and anticaking agents for 
fertilizer prills. 


? Western Miner. Diatomaceous Earth at Quesnel. 
V. 42, No. 12, December 1969, pp. 24, 26. 
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Table 5.—World production of diatomite, by countries 1 


(Short tons) 


Country 1967 1968 1969 » 
North America: 
! ³ow1 NA 521 487 
Coste ER 11,023 11,023 16,535 
/ ù ²˙i ͤ.v 88 7,921 10, 961 12,318 
United States 22 627 , 292 627 , 292 598 , 482 
South America: 
Argentina. 8,979 7,217 NA 
Peri G˖; yy ĩ m u LS I Ae ae r 4,043 8,746 NA 
Europe: 
af EEN 4,031 3,284 e 8,307 
Denmark: 
Diatomite © eet ke ee ea SSC r 22,046 22,046 16,535 
Mole be 220,462 220,462 220 , 462 
Fill! 8 1,785 2,183 2, 205 
France WWGhGGkCGT0GGGT—B—Bmw. 8 r 175,955 NA NA 
Germany, West (marketable) ei... 98,106 191,364 127,197 
I ³o¹¹AAAàqàſ a RU y ⁊ m ous „08 e 11,023 
CEET 66,088 66,139 e 66,139 
Portugal... AAA 8 4, 308 3,871 e 3,417 
Spall õ ³⁰ Z 18,884 e 11,464 11,028 
SS õ§] ⁵ ( ⁰ ³ AAA Nee r 4,136 e 4, 409 4,409 
USSR ⁰ . ʒ m um uuu 396,832 396,832 396 , 832 
United Kingdom. ......................... r 13,982 16,464 15,432 
Africa: 
Alwerig: cud mim om . Arc r 20, 131 23, 553 e 24,251 
102). MERECE 2,079 2,265 e 2,315 
South Africa, Republic of. 645 688 e 772 
United Arab Republic E ......... 1,346 1,433 
Asia: Korea, Sou tn 2,4617 2,441 3,214 
Oceania: 
PARAS GES a elec r 12,435 14,765 e 14,330 
New Zealand. -2-2-2-2 -MuMMMMMMMM 1,577 2,277 e 2,204 
U Ü˙Ü]w ü 11, 725, 207 r 1,649,644 1, 554, 321 
e Estimate. p Preliminary. r Revised. NA Not available. 


! Diatomaceous earth is produced in Brazil, Bulgaria, Colombia, Hungary, Japan, Mozambique, Rumania, 
and Yugoslavia, but quantities are insignificant or data not available. 
? Average annual 5 in 1967 and 1968 from 3-year total for 1966-68. 


3 Moler earth use 
4 Includes tripoli. 
$ Totals are of listed figures only. 


as a raw material in making refractory bricks plus exports in bulk form. 


TECHNOLOGY 


A series of reports was issued describing 
the diatomite industry, in general, and 
providing history and operational informa- 
tion on most of the major producers.3 


Plastic gummed tape was used to remove 
a thin layer of diatomite particles from the 
surface of a section of a stratigraphic bed 
in a unique method to provide a suitable 
sample for microscopic examination of dia- 
tom assemblages.4 

A diatomaceous earth filtration plant 
was reported to have a lower initial cost 


and less maintenance than a sand filter 
plant for use in purification of swimming 
pool water.5 Current developments in dia- 
tomite processing by Johns-Manville were 
discussed.6 Diatomite compositions were 
patented for use in repelling rain on car 
windshields, as an absorbent for urea in 
ammonium nitrate-based explosives, in a 
coating for grains and stored milo to pre- 
vent infestation by insects? and in a mix- 
ture with asbestos and sodium silicate to 
form a moisture- and expansion-resistant 
insulation product.10 


3 Industrial Minerals. Diatomite: Its Production, 
Uses and Potential: Celite Diatomite, Johns-Man- 
ville Corp.; Dicalite Diatomite, GREFCO, Inc.; 
Celatom Diatomite, Eagle-Picher Industries, Inc.; 
Danamol Diatomite, Ludolph Struve and Co., 
G.m.b.H.; Other World Sources of Diatomite. No. 
18, March 1969, pp. 9-27. 

———.United Sierra’s Diatomite. No. 23, August 
1969, p. 42. 

4 Cleveland, George B. Rapid Method of Sampl- 
ing Diatomaceous Earth. Calif. Div. of Mines and 
Geol., Min. Inf. Serv., v. 22, No. 3, March 1969, 
pp. 67-68. 

5 South African Mining & Engineering Journal. 
Sand Versus Diatomaceous Earth Filter Systems. 
V. 80, pt. 1, No. 3963, Jan. 17, 1969, pp. 132-134. 

6€ American Paint Journal. Johns-Manville In- 
creasing Diatomite Production Facilities. V. 53, 
No. 46, May 5, 1969, pp. 77-84. 


? Stadman, D. F. (assigned to Canadian Patent & 
Development Co., Ottawa, Canada). Rain Re- 
pellent Composition. U.S. Pat. 3,449,135, June 10, 
1969. 

8 Minnick, J. J. (assigned to Commercial Sol- 
vents Corp., New York). Ammonium Nitrate 
Having Diatomaceous Earth Dispersed Therein 
and Method of Making Same. U.S. Pat. 3,447,982, 
June 3, 1969. 

9 Lisle, A. L. (assigned to Phoeniz Gems, Inc., 
Arizona). Storage of Seeds To Produce a Cereal 
Product Free of Frag Count and Toxic Residue. 
U.S. Pat. 3,476,568, Nov. 4, 1969. 

10 Sams, R. H., and N. W. McCready (assigned 
to Philadelphia Quartz Co., Pennsylvania. Ex- 
RET Silicate Particles. U.S. Pat. 3,450, 547, June 
17, 1969. 
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Feldspar, Nepheline Syenite, 
and Aplite 


By J. Robert Wells 


FELDSPAR 


Domestic production of crude feldspar in 
1969, as measured by the quantity sold or 
used by producers, was at the highest 
level, in regard to both tonnage and total 
value, in the history of the industry. All- 
time high figures were attained in three of 
the major producing States, among which 
North Carolina and California both 
reported increases of almost 10 percent; 
South Carolina, against a smaller base, 
recorded a 25-percent increase. 

The Feldspar Corp., with operations in 
several States and the nation's foremost 
feldspar supplier, announced plans for the 
expenditure of at least $1 million to pro- 
vide additional producing capacity. 

Prominent in the list of minerals identi- 
fied in rock specimens brought back from 
the moon was plagioclase feldspar. 

Under the provisions of the Tax Reform 
Act signed by the President on December 
30, 1969, the depletion allowance applica- 
ble to feldspar, domestic or foreign, was 
reduced by one percent—that is, from 15 
percent to 14 percent. The Act makes the 
new rate effective for taxable years begin- 
ning after October 9, 1969. 


DOMESTIC PRODUCTION 


Crude Feldspar.—North Carolina, Cali- 
fornia, Connecticut, and South Carolina, 
leading the 12 States that reported pro- 
duction of crude feldspar in 1969, jointly 
accounted for 87 percent of the total 
domestic output for the year. After several 
years of steady increases, the fraction of 
total crude production classified as flota- 
tion concentrate dropped sharply in 1969, 
and the proportion of hand-cobbed material 
continued its 4-year decline. The quantity 
of feldspar contained in  feldspar-silica 
mixtures, on the other hand, showed a 
major gain, both relatively and in absolute 
tonnage. 


Ground Feldspar.—In 1969, there were 
l7 merchant mills grinding feldspar in 
nine States, among which North Carolina, 
California, Connecticut, and South Caro- 
lina, in that order, were the leaders both 
in quantity and total value of product. 
Those four States turned out about 87 
percent of the total 1969 domestic produc- 
tion of ground feldspar. 


1 Physical scientist, 


Table 1.—Salient feldspar statistics 


1965 1966 1967 1968 1969 
United States: 
Crude: 
Sold or used by producers. . ......... long tons.. 624,598 655,452 615,897 667,679 678,985 
Valúe- 2c. coole bos Lees thousands $6,268 $7,020 $7,086 $8,266 38, 869 
Average value per long ton $10.08 310.71 $11.51 $12.88 313.16 
Imports for consumption. ........... long tons 16 e 280 MU 46 
/h. ul uuu thousands $2 Ee $8 o $7 
Average value per long ton $95.00 — $28.04 --. $158.36 
ë EEN apparent! ..........- long tons 624,614 655,452 615,677 667,679 674,031 
round: 
Sold by merchant mills. ...........- short tons. 664,188 708,587 663,220 730,737 798,052 
Value osasse ee thousands $7,757 $8,944 $8,848 $9,242 $10,465 
Average value per short ton 11.68 $12.71 $18.88 312.65 313.20 
Imports for consumption. n long tons.. 8,489 8,248 2,788 8,877 4,644 
VC thousands 392 386 $72 $91 $128 
Average value per long ton $26.87 $26.52 326.00 326.86 $27.72 
World: Production. ...............- thousand long tons.. 1,974 2,116 2,005 2,170 2,267 


1Measured by quantity sold or used by producers plus imports. 
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Table 2.—Crude feldspar sold or used by producers in the United States 


Derivation of feldspar! 


Flotation Feldspar-silica 
Year Hand-cobbed concentrate mixtures? Total 

Long Value Long Value Long Value Long Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
1965........ 126,811 $1,072 869,585 $3,974 128,202 $1,217 624,598 $6,263 

1966........ 116,936 997 407 , 450 4,808 131,066 1,220 655, 452 
19672 97,409 848 385, 005 4, 900 132,983 1,338 615,397 7,086 
1968. ....... 78,401 670 427, 770 5, 845 161, 508 1,750 667,679 8,265 
1969 60, 685 494 331,519 4,912 281,781 3,462 673,985 8,869 


1 Partly estimated. 
2 Feldspar content. 


Table 3.—Ground feldspar sold by 
merchant mills 1 in the United States 


Year Mills 
1965 — 20 
196666. 19 
1967. 19 
196888 17 
Jaen __. 17 


Domestic feldspar 
Short Value 
tons (thousands) 
664,188 $7,757 
708 , 587 ,944 
668 , 220 8,843 
780,787 9,242 


1 Excludes potters and others who grind for con- 
sumption in their own plants. 


Table 4.—Ground feldspar sold by merchant mills in the United States, 
by derivation 1 and uses 
(Short tons) 


Š Glass Pottery Enamel Other Total Glass Pottery Enamel Other Total 
ear 
Hand-cobbed Flotation concentrate 
1965......... W 32,535 W 75,055 107,590 256,000 W W 162,014 418,014 
1966......... W 54,678 W 61,090 115,768 281,595 W W 208,819 485,414 
19677 — W 38, 539 W 61,473 100,012 282, 861 W --- 178,754 461, 615 
1968.........- W 125, 800 W r 59, 543 784,848 286, 895 W —— 12223, 412 510, 807 
19699 W 26,588 W 49,592 76,130 312, 045 W W 212,597 524, 642 
Feldspar-silica mixtures 2 Grand total 
19688 W W .- 138,534 138,534 368,120 174,537 42,268 79,213 664,188 
1966 W W 2. 102, 405 102,405 378,464 207,209 36,151 81,763 703, 587 
1967777 W W M 101,598 101,593 379,660 208,626 15,304 59,630 668,220 
1968......... W W ... 135,587 185,587 396,758 240,251 20,759 72,969 730,787 
1969......... W W ... 192,280 192,280 445,548 241,800 26,005 79,699 798,052 
r Revised. W Withheld to avoid disclosing individual company confidential data; included with 'Other.' 


! Partly estimated. 
* Feldspar content. 


3 “Other” includes soaps, abrasives, and other ceramic and miscellaneous uses. 


CONSUMPTION AND USES 


Crude feldspar.—In 1969, almost all the 
commercial supply of feldspar was, as 
usual, processed to some extent before 
being sold or used in industry A few 
users, however, continued their customary 
practice of acquiring minor quantities of 
the crude mineral for grinding in their 
own mills to suit their particular needs. 


Ground Feldspar.—Of the total quantity 
of ground feldspar sold in 1969 by U.S. 


merchant mills, 56 percent was used in 
making glass, 30 percent in pottery, 3 per- 
cent in enamel, and 1l percent in other 
uses—only minor changes from the compa- 
rable figures of the past few years. In 
terms of tons, however, the total quantity 
consumed in glassmaking, compared with 
the figure for 1968, was 12 percent higher 
—an obvious reflection of the constant 
efforts of the bottle makers to keep up with 
the rocketing demand for ever greater 
numbers of disposable containers. 
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Table 5.—Ground feldspar shipped from merchant mills in the United States 


(Short tons) 

Destination 1965 1966 1967 1968 1969 
ieee. 8 111,174 109, 126 100, 235 W W. 
A 66, 160 63,038 59,837 64,628 51,899 
Adi... 8 W W W 25, 897 21,944 
Kentucky... ³ĩð2â oso See 8,775 7,052 15,433 10,180 9,077 
Maryland___ 2.2 -M W W 5,057 
Massachusetts 4,787 3, 980 3, 539 3, 896 4,072 
Meni eec epe W 1,488 
MississipDl........-.--..ll2ll.2lla-cossen  odOdsn o aaa 7,845 8, 685 8,931 
New Jersey o cloLoncc y y 0 S O 57,096 71,057 W W 
New York ³·Ü·ꝗiſ ſ 2 te 26,037 W 20,311 19,668 

ü PHARES 87,873 70,294 72, 701 87,202 120,756 
Oklahoma... oc ce cee socks veces Se w W 18,38 1,208 
Pennsylvania 30,281 30, 628 26,188 27,983 23,566 
Tennesse 83,851 86,002 82,998 26,898 29,153 
KN TEE 26,183 28 , 269 24,449 21,776 
West Virginia W W W 34, 720 29, 465 
Other destinations jj 243, 104 286 , 227 321,175 *878,153 415,047 

·i˙ðẽöÜẽõ 664, 138 703, 587 663, 220 780,787 793,052 
r Revised. W Withheld to avoid disclosing individual company confidential data; included with “Other 
destinations." 


1 Includes Arkansas; Colorado; Connecticut; Georgia (1965); Arkansas; Colorado (1967-69); Idaho (1965); 
Kansas (1966); Louisiana; Michigan; Minnesota; Missouri (1967-68); Louisiana; Minnesota; Missouri (1969); 
Maryland (1965-68); Oklahoma (1965-67); Rhode Island (1967-69); South Carolina (1965 and 1969); Vermont 


(1965); Virginia (1966); Washington; Wisconsin (1967-69); shipments that cannot be separate 


by states 


and shipments indicated by symbol W. Also includes exports to Africa (1965-67); Canada (1967-69); Panama 
(1966-67); Mexico and Philippines (1966-69); Venezuela (1968); and small quantities to other countries. 


PRICES 


Average values per ton for crude feld- 
spar reported by producers in 1969, 
increasing for the fifth year in succession, 
were substantially higher than in 1968. 
Feldspar prices were quoted in the Mar- 
kets section of Engineering and Mining 
Journal, December 1969, as follows: 


Feldspar, f.o.b. mine or mill, carload lots, 


per short ton, depending on grade: 
North Carolina: 


0 mesh, flotation.............. $11.00 
40 mesh, dry ground 21.00 
200..... LEE $20.50-21.50 
200 mesh, flotation.............- 20.50-26.00 
MT. mesh, geranular ----------- 20.00 
200 meg 23. 50 
825. . dO L L A A Sus 24.50 
Connecticut: 
mesh, granular.............- 13.50 
80 mesh, granular.............. 13.50 
200 mess 20.50 
E, TT Eu TL ee ee 21.50 
aine: 
200-325 mesh. ................- 19.50-25.00 


Although such quotations were probably 
representative, actual sales of feldspar were 
made, as customarily, at prices arrived at 
in buyer-seller negotiations and not pub- 
licly recorded. 


FOREIGN TRADE 


According to information furnished by 
the U.S. Department of Commerce, 1969 
exports in the composite category of feld- 
spar, leucite, nepheline and  nepheline 


syenite totaled about 5,600 long tons, less 
than half the quantity reported in the 
preceding year, but only slightly lower in 
total value. 


U.S. imports of feldspar for consumption 
in 1969 were markedly higher in both 
volume and total value than in 1968. 
Cornwall stone, an altered pegmatite con- 
sisting mainly of feldspar and quartz, for- 
merly shipped from England for ceramic 
purposes but now replaced by other feld- 
spathic materials, has not been imported 
since 1968. 


Table 6.—U.S. imports for consumption 


of feldspar 
Crude ! Ground 2 

Year Long Value Long Value 
tons (thou- tons (thou- 
sands) sands) 

1967...... 280 $8 2,783 $72 

1968...... St SEN 8,877 91 

1969 46 4, 644 128 


1 Crude feldspar 1967: all from Mexico; 1969: all 
from Canada. 

? Ground feldspar 1967: 2,761 tons ($71,601) from 
Canada, 22 tons ($767) from Sweden; 1968: 3,256 
tons ($85,956) from Canada, 121 tons ($4,770) from 
Sweden; 1969: 4,544 tons ($128,589) from Canada, 
100 tons ($4,178) from Sweden. 


WORLD REVIEW ` 


Australia.—A new plant is being con- 
structed near Sydney at a cost of $13 mil- 
lion for the production of glass containers. 
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Stimulation of feldspar mining in Austral- 
ia—currently carried on at a rate of some 
6,000 tons annually—is a foreseeable conse- 
quence of that country's enthusiastic 
acceptance of the convenient throwaway 
bottle. It is the experience of U.S. manu- 
facturers that feldspar or a similar feld- 
spathic material, equivalent to about 5 
percent of the total batch weight, is a very 
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desirable ingredient in furnace feeds for 
the making of machine-blown bottles. 

Austria.—In a program backed by the 
Government of Styria Province, the Ober- 
zeiring mine in the Austrian Alps, once a 
significant producer but six centuries idle 
because of flooding, is being rehabilitated 
for the production of both silver and feld- 
spar. 


Table 7.—World production of feldspar, by countries 1 


(Long tons) 
Country ? 1967 1968 1969 » 
North America: 
Canada (shipments)... ))) 99 9,280 9,482 10,485 
ME 62,600 79,007 82,174 
United States (sold or used 615,897 667 , 679 678 , 985 
South America: 
Argentina EES E E PE EEE ⁵«˙ ? ² 8 20, 028 20,179 e 20.000 
EECH 857 r 960 974 
eo y r 17,700 21, 700 21,658 
a EE ,461 ,859 1,019 
Uruguay se. usul eeh 1,242 r 434 1,218 
Europe: 
Austria )) 0 uuu E pu u G 2,441 2,140 1,777 
KT, WEE r 58,880 r 53,567 62,005 
Franco EE r 177,000 168,000 167,000 
Germany, West... 261,464 283, 256 285, 000 
I/!!! ⁵ ³ y ĩðV2üu eed Ede 145,133 165,722 207 , 844 
Norway tu 56533 ose ³ͥͤ 2 So du uoa CE ME 96,000 e 100,000 115,000 
Poland BEE 28,000 28,000 29,000 
Portugal EE 29 ,842 20,908 23,650 
S) A 8 46,709 46,522 50,000 
Sweden... Wess DER de r 85,010 6,689 28,000 
FCJC!!’ͤ;! y mt x Pto s um Sa 235, 000 235, 000 245, 000 
X ÚgO8[|8ç18; ...... 88 36,412 43,842 45, 000 
Africa: 
EChlODIB- e. coss r 3,690 7,017 11,459 
z ß Haee C Ld uS euim MEE 896 527 1,585 
Mozambique JJ Se Bata 8 118 98 80 
South Africa, Republic oũ7fftf 24,498 19,574 21,688 
United Arab Republie mPU mm NA 1,691 2,953 
%% % E 252 577 594 
H A 1, 135 1, 582 1,909 
ef EE 27,093 82,964 88,618 
Japan EE 49, 906 65,101 58,092 
Korea, South... a- ß ß 16,551 20,661 23,000 
neee, ß ee NA 41, 655 34, 832 
Oceania: Australia 4,450 4,478 6,000 
Total EE r 2,004,545 2,170,861 2,266,544 
e Estimate. p Preliminary. r Revised. NA Not available. 


1 Compiled mostly from data available May 1970. 


3 Feldspar is produced in Brazil, Czechoslovakia, Rumania, and South-West Africa but data are not available. 


3 Includes pegmatite. 


Not including nepheline syenite (1967, 64,000; 1968, 70, 000; 1969, 70, 000). 
In addition, the following quantities of aplite and other feldspathic rock were produced: 1967, 319,000; 


1968, 888,800 tons; 1969, 427, 065. 
6 Totals are of listed figures only. 


Greece.— The U.S. firm Owens-Illinois, 
Inc., is collaborating with a Greek corpora- 
tion and the National investment Bank for 
Industrial Development in building a new 
glass- container plant near Elefsis at an 
estimated final cost of 513 million. Sup- 
pliers of raw materials for the new facility 
have not been named. 

Guinea.—Feldspar, in deposits described 
as extensive, was one of several commer- 


cially valuable pegmatite minerals discov- 
ered by a team of geologists and added to 
the already impressive catalog—iron, baux- 
ite, gem and industrial diamond—of Ore- 
gon-sized Guinea's rich mineral resources. 

Malaysia.—National and Japanese inves- 
tors are collaborating at Kuala Lumpur 
in the launching of an $8 million 
glass-manufacturing enterprise. Annual 
capacity planned for the new facility is 35 
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million square feet of sheet glass, of which 
about 12 million square feet will be re- 
served for export to the United States, 
Japan, the Philippines, India, and South 
Korea are all current major producers of 
feldspar. Vast quantities of the mineral are 
known to exist in many other parts of 
Asia, but as yet there has been no public 
mention of any proposed sources of raw 
materials for the new plant. 

Sweden.—Good-quality feldspar in the 
Muodoslompolo area was listed among the 
more significant discoveries made during 
a continuing geological reconnaissance of 
Sweden's northern counties. Feldspar is 
thus another of the valuable minerals 
known to exist in this region, where the 
cost of transportation is one of the princi- 
pal influences restricting industrial devel- 
opment. 

United Kingdom.—It was forecast that 
within 2 years British supermarkets will be 
providing outlets for non-returnable soft- 
drink bottles at the rate of about 3.5 mil- 
lion gross per year, an increase of 100 per- 
cent over the present level. This 
expansion, reinforced by the anticipated 
growth in the demand for single-use beer 
bottles, can be expected to create a 
decided upturn in the consumption of 
glass-grade feldspathic materials. It is pos- 
sible that part of the increased need will 
be met from internal sources, but a rising 
volume of imports (of Canadian nepheline 
syenite, for example) is a safe prediction. 

Yugoslavia.—This nation currently pro- 
duces sufficient feldspar to satisfy the inter- 
nal demand while exporting an approxi- 


mately equal tonnage to neighboring 
countries. The quantity available for 
export is expected to show a sharp 


increase with the start of production from 
the large potash feldspar deposit—said to 
contain at least 3 million tons of exploita- 
ble mineral—that was discovered recently 
in the Kukavica Mountains of Serbia. It 
has been rumored that Poland, already a 
major purchaser of Yugoslavia's exported 
feldspar, is participating financially in the 
new enterprise in exchange for the right 
to receive an important share of the min- 
eral to be produced. 


TECHNOLOGY 


Development of improved methods for 
recovering usable feldspar from the fines 
that, at present, are wasted in the quarry- 
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ing and crushing of granite was one of the 
goals of a continuing minerals beneficia- 
tion research program at the Bureau of 
Mines, Tuscaloosa Ala. laboratory. Work 
on this project in 1969 included explora- 
tory batch flotation tests on samples of 
fines from commercial granite operations 
in Georgia and South Carolina. Heavy 
minerals were removed in rougher concen- 
trates, after which feldspar concentrates 
were floated and then subjected to wet 
magnetic separation. Preliminary results 
appeared favorable. 

A published article that provided a 
major contribution to theoretical crystal- 
lography dealt at length with homogeneous 
equilibria in the alkali feldspars.2 

Examples of the numerous and notewor- 
thy technological innovations that in 1969 
affected the glass industry—by a substan- 
tial margin the largest outlet for feld- 
spathic materials—included the use of 
glass-ceramic discs as key components in 
gas-turbine automotive engines, the devel- 
opment of virtually unbreakable glass 
bricks ("nothing gets through but light"), 
and the proposed application of glass-ce- 
ramic implants for the correction of 
defects, congenital or acquired, in the 
human skeleton.3 Feldspar or an alternate 
feldspathic material is desirable as an 
ingredient in glass formulations, particu- 
larly those for the automated machine pro- 
duction of glass containers. Two important 
journal articles were devoted to technologi- 
cal aspects of the glass-container industry. 
A published article described the 
equipment used in a plant turning out 
glass containers at a rate approaching 1,000 
tons per day and outlined some of the 
techniques successfully applied there for 
handling the necessary raw materials— 
sand, soda ash, limestone, and feldspar.5 A 
possible solution for at least part of the 
litter predicament generated by the dispos- 
able beverage bottle was the proposal of 


2 Thompson, James B., Jr. Chemical Reaction in 
Crystals. Am. Miner., v. 54, Nos. 3—4, March-April 
1969, pp. 341-375. 

3 Ceramic Industry. Cercor Regenerators in Gas 
Turbine Bus; Vandal-Proof Glass Bricks; Ceramic 
Glass Implants Studied. V. 94, No. 1, January 
1970, pp. 19, 21. 

* Allen, Alfred C. Curved Conveyers Boost Con- 
tainer Yield Rate. Ceram. Ind., v. 92, No. 2, 
February 1969, pp. 35-37. 

Svec, J. J. Glass Research—Objectives Obtained— 
Lower Costs—Better Methods. Ceram. Ind., v. 92, 
No, 6, June 1969, pp. 58—60, 80. 

$ Allen, Alfred C. Northwestern Glass Zeros In 
on 1000 Tons per Day. Ceram. Ind., v. 93, No. 
4, October 1969, pp. 31-33. 
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Raymond Joplin, a student in the Univer- 
sity of Missouri at Rolla. in experiments 
on the campus parking lot, he showed 
that the troublesome throwaways can be 
crushed and blended with asphalt to yield 
an excellent patching material for holes in 
black-top paving.s Joplin further surmised 
that perhaps the crushed-glass and asphalt 
mixture could serve as well for building 
road surfaces as for patching parking lots. 
The U.S. Department of Health, Education 
and Welfare made a grant too Joplin’s 
university for a continuation of this prom- 
ising line of research. Attacking the 
waste-glass problem from a slightly differ- 
ent angle, the Bureau of Mines Tuscaloosa 
Metallurgy Research Laboratory continued 
exploring possible means of reusing this 
major component of every city's discarded 
rubbish. Work in progress was being 
directed toward a search for advantageous 
methods to incorporate the scrap glass in 
salable products such as glazes, insulating 
material (glass wool), and building blocks. 
Similarly inspired, two major papers and a 
prominent part of a panel discussion at 
the 30th Annual Conference on glass prob- 
lems, held at the University of Illinois, 
Urbana, November 20-21, 1969, reflected 
the growing attention being devoted to the 
technology of averting the dangers of a 
landscape being covered by glass contain- 
ers. One of the most encouraging omens of 
a trend toward the betterment of this situa- 
tion was the decision by Keep America 
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Beautiful, Inc, that the 1969 business 
award had been earned by an organization 
that some might regard as an unlikely 
recipient—The Glass Container Manufac- 
turers Institute. The citation was for “an 
outstanding example of what an industry 
can do to arouse public support for preser- 
vation of our nation’s beauty.” 

Reasons underlying the large number of 
items in the news concerning installation 
of new glass fiber facilities (or major 
expansions of those already in existence) 
were evident. Notes concerning glass fiber 
briefly mentioned in various issues of 
Ceramic Industry magazine in 1969 
referred to the use of this versatile material 
in applications as varied as surgical casts, 
self-lubricated bearings, indoor and out- 
door furniture, seaplane floats, helicopter- 
rotor blades, hulls for deep-dive submersi- 
bles, car bodies, rifle stocks, and space 
suits, Equipping new cars with tires fea- 
turing bias belts of polyester-bonded glass 
fiber turned into a major trend. Other 
announced innovations included the devel- 
opment of electrically conducting glass 
fibers, of a device employing glass fibers 
in a novel way for the focusing and trans- 
mission of light, and of an improved proc- 
ess for the deep-tone coloring of glass 
fixers for textile purposes. 


$ Ceramic Industry. Glass Road Passes Test. V. 
93, No. 5, November 1969, pp. 60-61. 

7 Ceramic Industry. HEW Allots Grant to U. of 
Q for Research. V. 93, No. 2, August 1969, p. 
17. 


NEPHELINE SYENITE 


Nepheline syenite is a coarsely crystalline 
rock resembling granite but consisting 
principally of feldspathoid minerals with 
little or no free quartz. This raw material 
is a helpful accessory in the manufacture 
of glass and ceramics. For those applica- 
tions, the entire U.S. requirement of 
nepheline syenite has been supplied for 
many years by imports from Canada; 
about one-fourth more was imported in 
1969 than in any previous year. Canada's 
output of this material in 1968, the last 
year for which final figures have been 
released, totaled 425,463 short tons, valued 
at slightly over $49 million, of which 
approximately 70 percent was exported to 


the United States. According to Canadian 
Minerals Yearbook, 1968 per-ton prices for 
nepheline syenite in Canada, depending 
upon purity and degree of preparation, 
ranged from $5 to $24. 


Table 8.—U.S. imports for consumption 
of nepheline syenite 


Crude Ground 
Year Long Value Long Value 
tons (thou- tons (thou- 
sands) sands) 
19677 TH 256,837 $8,104 
1968...... 15 (1) 271,966 3,558 
1969______ 166 $2 846,518 4,449 


1 Less than 14 unit. 
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APLITE 


Aplite, a granitic rock of indefinite com- 
position containing a high proportion of 
plagioclase feldspar, is used chiefly as an 
ingredient in glass batch mixtures. Aplite, 
because of its relatively high iron content, 
was formerly considered suitable for making 
only strongly colored glasses; however, 
advances in beneficiation technology have 
made it possible to produce aplite in grades 
acceptable also to manufacturers of clear 
or light-colored glass, especially for con- 
tainers. Production of aplite in the United 
States increased substantially in 1969 in 
tonnage and total value. Glass-grade aplite 
was produced domestically in 1969 only 


from mines in Virginia, by M & T Chemi- 
cals, Inc, and The Feldspar Corp, both 
operating in Hanover County, and by 
International Minerals & Chemical Corp. 
in Nelson County. Aplite prices published 
in Ceramic Industry Magazine, January 
1970, were $7.80 per ton, high, and $5 per 
ton, low. These figures were unchanged 
from the corresponding quotations of Jan- 
uary 1969, and notably lower than the 
unit values reported in a canvass of the 
producers. Specific output and value 
figures are individual company confidential 
data and cannot be published. 
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Ferroalloys 


By Horace T. Reno? 


The  ferroalloy industry experienced 
little change in 1969. Researchers appar- 
ently were inactive, or were in the middle 
of projects and did not publish their work. 
Ferroalloy consumption in the United 
States and in the rest of the world was 
high, following steel production. Supply 
was adequate to meet the demand for all 
ferroalloys except ferronickel and ferrosili- 
con in the European markets. Ferroalloy 
prices except for ferrosilicon and ferro- 
chromium remained relatively stable 
through most of the year, although the 


price of ferronickel was raised 25 percent 
the last of November. 

The structure of the domestic ferroalloy 
producing industry was unchanged from 
1968. International trade in ferroalloys was 
influenced more than in past years by a 
trend to processing metal resources 
within the country of origin. 

Detailed information concerning the 
more significant ferroalloys may be found in 
the chapters for individual alloying ele- 
ments. 


1 Mineral specialist, Division of Ferrous Metals. 


Table 1.—Government inventory of ferroalloys (stockpile grade), December 81, 1969 
(Thousand short tons) 


Alloy 


Ferrochromium : 


High- carbon 


Medium-earbon eee 
Ferromolybdenum (contained molybdenum)......... 
Ferrotungsten (contained tungsten)................- 
Ferrovanadium (contained vanadium)..............- 


1 Less than 1⁄4 unit. 


National CCC and 

(strategic) supplemental "Total 

stockpile stockpile 
5 126 276 402 
F 107 191 298 
F 25 31 
3 (2) AY 1 
F 148 1,083 1,176 
ERU IOS 19 PM 19 
F 4 3 4 
770 1 MIA 1 
„„ 1 e 1 
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DOMESTIC PRODUCTION 


The structure of the domestic ferroalloy 1968, as was the value of shipments. Ship- 
producing industry was not changed signif- ments rather than production are the 
icantly in 1969. The same 31 producers, 
listed in table 3, reported production E i . 
about as in 1968. Total shipments of fer- duction in the high-volume ferroalloys is 
roalloys were 10 percent more than in irregular and intermittent. 


measure of activity in the industry, as pro- 


Table 3.—Producers of ferroalloys in the United States in 1969 


Producer Plant location Product ! Type of furnace 
Agrico Chemical Coo Pierce, Fla. LA SE Electric. 
. . Calvert City, KM. FeCr, FeMn, FeSi, 
Airco Alloys & Carbide. Charleston, S. CCC Si Mn, silvery iron. Do. 
nans Falls, N. v 
Bethlehem Steel Co......... Bethlehem, Pa. .......... Fenn; Blast. 
Calumet & Hecla Corp Selma, Als FeSi.. .----------------- Electric. 
Chromium Mining & Smelt- Woodstock, Tenn Fe Mn, SiMn, Fesi, Fe Cr. Do. 
ing Co. SC 
Climax Molybdenum Co.. Langeloth, Pa.. FGG AA Aluminothermic. 
FMC Cors Pocatello, Idaho r LER Electric. 
Cambridge, Ohio. ........ 
Graham, W. Va.........- FeB, FeCb, FeTi, FeV, | 
Foote Mineral Co. ......... Keokuk, Iowa.. FeCr, FeMn, FeSi, SiMn, Do. 
Vancoram, Ohio silvery iron, other. ? 
Wenatchee, Wash. ......- 
Hanna Furnace Cord Buffalo, N.Y...........-- Silvery iron Blast. 
Hanna Nickel Smelting Co.. Riddle, Oreg............. FeNi o. s A de Z z Electric. 
Hooker Chemical Corp Columbia, Tenn.......... NeP- zu ·˙¾»¾f5ĩ Susu Ee Do. 
Interlake Steel Cor Beverly, Ohio ohea hR FeCr, FeSi, SiMn........ Do. 
Jackson Iron & Steel Co..... Jackson, Ohio Silvery iron Blast. 
Kawecki Chemical Co Easton, fp FeOb Sees cui Aluminothermic. 
J. Lavino & Coo Sheridan, Pa ---------- Fe MAI. Blast. 
Manganese Chemical Corp. Kingwood, W. va % TTT Electric. 
Charleston, SC. 
Mobil Chemical Coo Mt. Pleasant, Tenn....... FP, crece Do. 
Nichols, ia ..........- 
Molybdenum Corp. of Washington, Pa.......... FEG ¿sss Electric and 
America aluminothermic. 
Monsanto Chemical Co { Columbia, Tenn Feb aysan sus e Electric. 
Soda Springs, Idaho 
National Lead Co. .........- Niagara Falls, N.Y......- 5 Fe Ti, other 2. Do 
New Jersey Zne __._..---- Palmerton, j 88 Do 
Brilliant, Ohi ooo FeCr, FeSi, FeB, FeMn... Do. 
Ohio Ferro-Alloys Corp Philo, Ohio SIMB. AA OaE Blast. 
Powhatan, Ohio.........- „% APAE E EA Electric. 
Tacoma, Was %%%» CRANE RES, Do. 
Reading Alloys............. Robesonia, Pa... FeB, degt FeV, NiCb, Aluminothermic. 
Shieldalloy Cord Newfield, N. JI. FeV, Fe Ti, FeB, FeMo, Do. 
FeCb, FeCbTa, other. 
Mt. Pleasant, Tenn 
Stauffer Chemical COo Silver Bow, Mont.......- FOP EE Electric. 
Tarpon Springs, Fla...... ] 
Tennessee Alloys Corp Bridgeport, A 8 LN zo zs uus Do. 
Tennessee Valley Authority.. Muscle Shoals, Ala. Z. P'eP 1: 2... aou T Do. 
Tenn-Tex Alloy Corp of Houston, "Tex FeMn, SiMn............- Do. 
Houston. Alloy, W. Va FeB, FeCr, FeCb, FeSi.... 
Ashtabula, Ohio. ......... FeMn, Fofi, FeW, Fe v 
Marietta, Ohio Si Mn, other “ . . . 
Union Carbide Cord Niagara Falls, Nos oo ES -do eae ene G Aluminothermic. 
Portland, Oreg 3 „ Geese ee ee su 
Rockwood, Tenn E mo PS 
Sheffield, V Led i. EEE aa PEA sss 
Birmingham, AIS -.--- 
United States Steel Corp... {Clairton, fa FeM n 2 Su 222 Blast. 
Duquesne, Pa.. ` : 
Woodward Iron Coo Woodward, Ala Fes ii Electric. 


1 FeMn, ferromanganese; Spin, spiegeleisen; Si Mn, silicomanganese; FeSi, ferrosilicon; FeP, ferrophosphorus; 
FeCr, ferrochromium; FeMo, ferromolybdenum; FeNi, ferronickel; FeTi, ferrotitanium; FeW, ferrotungsten; 
FeV, ferrovanadium; FeB, ferroboron; FeCbTa, ferrocolumbium-tantalum; FeCb, ferrocolumbium; NiCb, 
nickel columbium; Si silicon metal; FeCbTi, ferrocarbontitanium. 

; 2 Toe uaes Alsifer, Simanal, zirconium alloys, ferrosilicon boron, aluminum silicon alloys, and miscellaneous 
erroalloys. 
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CONSUMPTION 


According to consumers' reports to the 
Bureau of Mines, the quantities of ferroal- 
loys consumed domestically as steel addi- 
tives in 1969 totaled slightly more than in 
1968, and those consumed as alloying ele- 
ments totaled 5 percent more. These data 
are indicative of trends in usage of pri- 
mary ferroalloy materials, but cannot be 
correlated directly with the elements of 
steel production because of the wide varia- 
tion in the proportions of secondary metals 
consumed. For example, domestic produc- 
tion of stainless steel in 1969 was 10 per- 
cent more than in 1968, but reported 
consumption of ferroalloys in stainless steel 
was only 6 percent more. 

The Bureau of Mines has changed the 
format for canvassing and reporting fer- 
roalloys consumption to obtain data on 
their use in “superalloys” and in other 


alloys excluding alloy steels. The new 
format apparently has not changed the 
pattern of reported ferroalloy usage in stain- 
less, alloy, carbon, and tool steels, and in 
cast irons. Apparently, most respondents 
considered the new superalloy category 
equivalent to the previously used category 
of high-temperature alloys. However, anal- 
ysis of individual reports indicates that 
this is not so in all instances. The new 
series undoubtedly will improve with time 
and provide significant data on the use of 
ferroalloys in aerospace age materials. A 
panel on ferroalloys of the Materials Advi- 
sory Board, National Academy of Sciences 
and Engineering will meet during 1970, 
and probably clarify the meaning of super- 
alloys to describe those metal combinations 
applied to provide strength at high tem- 
peratures in corrosive environments. 
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STOCKS 


Producers' stocks of ferroalloys at the 
end of 1969 were 20 percent less than at 
yearend 1968, and consumers' stocks were 
almost 20 percent more. The percentage 
balance, however, does not have special 


alloys are produced intermittently. Con- 
sumer stocks of all the ferroalloys at year- 
end were about normal, considering the 
record production of carbon and alloy 


significance, because the  large-volume steels in 1969. 
Table 6.—Stocks of ferroalloys held by producers and consumers 
in the United States, December 31, 1969 
(Short tons) 
Producer Consumer 
1968, 1969, 1968, 1969, 
gross gross gross gross 
weight weight weight weight 
Manganese ferroalloys !_.__...........------..---- r 257,044 194,144 141,672 180,507 
Silicon alloys 22... ....... 2 eee 82,718 94,994 67,352 64,638 
Ferrochromiumn ............ eee 58,869 46,977 29,176 39,687 
Ferit ttt 1,084 1,283 712 871 
Ferrophosp horuu s 91,320 57,586 2,270 2,921 
erroboron. 2-222. 2 167 228 70 62 
T mln c ue SLE ce r 491,202 895,212 241,252 288,092 
1968, 1969, 1968, 1969, 
contained contained contained contained 
element element element element | 
Ferromolybdenumn lll W W 1,049 796 
Ferrotungsten._____ l... eee W W 172 147 
Ferrovangadium. nr 2,591 594 942 1,272 
Ferrocolumbium.................... 2... . ll... ...- 597 584 281 425 
Ferrotantalum-columbium........................-. -020000 eee 8 8 
e e 3,188 1,178 2,452 2,648 
r Revised. W Withheld to avoid disclosing individual company confidential data. 


1 Includes ferromanganese, silicomanganese, spiegeleisen, manganese metals and briquets. 
? Includes ferrosilicon, silvery iron, and miscellaneous silicon alloys. Consumers' stocks also include silicon 


metal. 


3 Includes other chromium ferroalloys and chromium metal. 
4 Includes calcium molybdate and molybdenum silicide. 


PRICES 


The price of domestically produced 
standard, high-carbon ferromanganese was 
unchanged in 1969 at $164.50 per long ton 
for lump, bulk material, in carload lots. 
The price of high-carbon ferrochromium, 
lump, bulk, in carload lots, ranged from 
19.7 cents per pound of contained chro- 
mium in January to 21.7 cents per pound 
in December. The price of low-carbon fer- 
rochromium ranged from 26.1 cents per 
pound in January to 28.6 cents per pound 
in December. 

The price of 50-percent-grade ferrosili- 
con, lump, bulk, in carload lots, f.o.b. 
shipping point, freight equalized to nearest 
main producer, was 13.8 cents per pound 
of contained silicon in the first half of 
1969 and 14.1 cents per pound in the last 
half. The price increase in all probability 
reflected a shortage of ferrosilicon in Euro- 
pean markets caused by an electric power 
shortage in Norway. 


Ferrovanadium prices in a split market 
were unchanged in 1969 at $2.90 and $3.12 
per pound of contained vanadium, f.o.b. 
The ferronickel price was unchanged at 
$1.005 per pound of contained nickel in 
wholesale lots, f.o.b. shipping point, from 
January 2 to November 26, when the only 
domestic producer raised its price to $1.28 
per pound to conform with that of Cana- 
dian nickel producers. The price was $1.28 
per pound of contained nickel through the 
remainder of the year. 

The quoted price for low-carbon ferroti- 
tanium was unchanged in 1969 at $1.35 
per pound of contained titanium, deliv- 
ered. Ferromolybdenum's quoted price of 
$2.17 per pound of contained molybde- 
num, Lob, in lots of 5,000 pounds or 
more, was raised to $2.27 per pound on 
May 5. The quoted price was unchanged 
through the remainder of the year. Low- 
alloy, standard  ferrocolumbium prices 
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ranged from $2.45 per pound of contained 
columbium in ton lots, delivered, to $3.52 
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$3.20 to $3.40. per pound of contained 
tungsten, delivered, through March and at 


per pound. Ferrotungsten was quoted at $3.65 per pound thereafter. 


FOREIGN TRADE 


Judging by U.S. trade in the ferroalloys 
and record steel production throughout 
the world, more ferroalloys moved in 
international trade than ever before. The 
value of U.S. exports of the ferroalloys 
exceeded the 1968 record by 9 percent; 
volume was up 8 percent. The value of 
U.S. imports at $70.7 million was 28 per- 
cent higher than reported in 1968. Total 
tonnage imported was 13 percent higher. 
Exports of ferromolybdenum, ferrovana- 
dium, and unclassified ferroalloys 
accounted for most of the increased value 
of exports. Imports of ferromanganese, fer- 
ronickel, and unclassified ferroalloys 
accounted for most of the increased value 
of imports. 

Although total domestic exports and 
imports of ferroalloys in the last decade 
indicates an increasing trend, the trends in 
exports and imports of individual ferroal- 
loys with few exceptions are not easily 
identified. Imports of ferronickel have 
increased rapidly, and that trend is 
definitely established, but it has been the 
result of changing technology in that fer- 
ronickel has been replacing nickel metal 
for use in steels. Other apparent trends 
could be just the result of temporary 
change in business practice, or fluctuations 
in the level of industrial activity. Never- 
theless, 1969 import and export data may 
offer some clue to a possible change in fer- 
roalloy trade patterns. 

The increased value of imports resulted 
from receipts of ferroalloys made from 
metals that do not occur in economic con- 


centrations in the United States, whereas 
the increased value of exports was due to 
the shipment of ferroalloys made from fer- 
rometals of which the United States has 
ample reserves. Although the change in 
ferrosilicon trade in 1969 undoubtedly was 
caused principally by a shortage of electri- 
cal power in Norway, the long-discussed 
tendency of countries to process their own 
mineral resources to a product closer to 
end use may have caught up with the fer- 
roalloys trade. 

Some clue as to the future pattern of all 
ferroalloy trade lies in the pattern of U.S. 
exports. By far the largest part of the fer- 
rophosphorus went to West Germany; fer- 
rosilicon went principally to Canada, the 
United Kingdom, and West Germany; and 
ferrochromium went principally to West 
Germany and the United Kingdom. Rela- 
tively insignificant quantities of these 
alloys went to other countries. However, 
exports of ferrovanadium and unclassified 
ferroalloys in significant amounts went to 
many of the industrialized countries of the 
free world in addition to Canada, the 
United Kingdom, and West Germany. 
Thus, the United States supplied indigen- 
ous ferroalloys to have-not nations around 
the world, and those ferroalloys produced 
from abundant or foreign raw materials 
went almost entirely to countries that do 
not have the economic power sources to 
convert raw materials to ferroalloys. 


Table 7.—U.S. exports of ferroalloys 


1967 

Alloys Short Value 

tons (thou- 

sands) 

Ferrocerium and alloys........ 71 $303 
Ferrochromium. ............- 18,453 8,479 
Ferromanganes 1, 861 760 
Ferromolybdenum...........- 767 2,436 
Ferrophosphorous. s 22,901 847 
Ferrosilicon.................- 11,774 8,228 
Ferrovanadium..............- 851 1,898 
Ferroalloys, n.e.c...-..-.....- 7,976 5,757 
Totäl c. Lo L L 59,154 18,208 


1968 1969 
Short Value Short Value 
tons (thou- tons (thou- 
sands) sands) 
45 $303 52 $351 
27,127 5,785 24, 573 5, 679 
3, 710 645 1,759 488 
432 1,194 728 2,881 
86,708 930 37,351 912 
18,372 4,481 6,487 1. 666 
278 1.052 644 2, 884 
11,288 ,814 84,057 9,720 


105,651 24 , 026 
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Table 8.—U.S. imports for consumption of ferroalloys and ferroalloy metals 


1968 1969 
Alloy Gross Content Value Gross Content Value 
weight (short (thou- weight (short (thou- 
(short tons) sands) (short tons) sands 
tons) tons) 
Chromium metal. ............-............- 1,866 0 $2,058 1,491 (1) $2,072 
Ferrocerium and other cerium alloys.......... 12 1) 77 9 (1) 91 
Ferrochrome and ferrochromium— 
Containing 8 percent or more carbon 8,259 5,229 1,289 16,561 10,741 2,318 
Containing less than 8 percent carbon 51,557 r35,778 12,958 45,086 30,738 10, 640 
Ferromanganese— 
Containing not over 1 percent carbon 8,269 2,845 11, 101 2, 955 2, 531 929 
Containing over 1 and less than 4 percent 
S..... 8 r 17,657 114,651 3,559 35,474 29, 030 6,727 
Containing not less than 4 percent carbon. 1182, 286 r 140, 808 r 16,518 268,527 203,002 24, 052 
Ferromolybdenum, molybdenum metal, com- 
pounds, alloys, and scrap (molybdenum 
Senn eee SE 238 218 1,043 7 12 413 
Fr ien Seeerei Die 10,5 1) 5,450 15,696 1) 9,507 
Rerroeilieon.. nnn r 24, 890 r10,612 13,207 38,61 16,944 4,577 
Ferrosilieon-chromiumm 1,93 1) 839 79 1) 49 
Ferrosilicon-manganese (manganese content)... 25,412 16,885 2,680 32,040 21,337 3,532 
Ferrotitanium and ferrosilicon-titanium. .. .... 199 V 143 552 1) 259 
Ferrovanadium...........................-- r 599 1) r 1,710 382 1) 1,185 
Ferrozirconium...-..................-.....- 292 (1) 105 440 1) 167 
Ferris ewe O... REA. cubase seet ` ee 2 (1) 
Manganese metall 8,188 (1) 1,253 1,371 (!) 513 
Tungsten metal (lump, grains, or powder) and 
tungsten carbide (tungsten content)........ () 105 (1) 10 138 
Tungsten alloys (unwrought) and scrap (tung- 
sten contenttt :. 5 2 15 (2) (2) T 
Tungstic acid and other alloys of tungsten 
n.s.p.f. (tungsten content). ...............- 22 14 172 54 87 417 
Ferroalloys not elsewhere classified 692 (1) 1,507 1,228 (1) 3,095 
r Revised. 
1 Not recorded. 
3 Less than 1⁄4 unit. 
WORLD REVIEW 


India.—A Government-owned ferroalloy 
plant at Jaipas Road, Oressa, began trial 
operations in November. When in full 
operation, the plant will have capacity to 
produce 11,000 short tons of ferrochrom- 
ium and 800 short tons of ferrosilicon 
annually, reportedly enough to make India 
self-sufficient in these two ferroalloys. India 
produced approximately 1,350 short tons of 
ferrochromium and 23,000 short tons of 
ferrosilicon in 1969.2 


South Africa, Republic of.—Palmiet 
Chrome Corporation Limited amalgamated 
with Middleburg Steel and Alloys (Pty.) 
Limited, a subsidiary of Rand Mines Lim- 


ited, on July 1, 1969. Until that time, Pal- 
miet Chrome had been a subsidiary of 
General Mining and Finance Corp. Lim- 
ited of Johannesburg. Middleburg Steel 
acquired the entire issue of Palmiet shares 
in exchange for its own. Under the new 
organization, Rand Mines has slightly less 
than 50 percent of the new Middleburg 
Co., and General Mining has about 13 per- 
cent. Anglo American Corp. of South 
Africa Ltd. and Eastern Stainless Steel 
Corp. of Baltimore, Md. are among the 
major shareholders. The new Middelburg 
Co. supplied 20 percent of the free world's 
need for low-carbon ferrochromium in the 
last half of the year.3 


TECHNOLOGY 


Technical developments dealing with the 
ferroalloy metals are discussed in the indi- 
vidual chapters. There was little reported 
research in ferroalloys as a group. How- 
ever, an analytical laboratory method for 
identifying most ferroalloys and selected 


iron and steel additives, and their compo- 
nents and dissolution techniques, were 


2 Bureau of Mines. Mineral Trade Notes. V. 67, 


No. 6, June 1970, p. 6. 
3 Bureau of Mines. Mineral Trade Notes. V. 67, 
No. 1, January 1970, pp. 8, 9. 
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described by H. Green, scientist of the Bri- 

tish Cast Iron Research Association.4 
Green proposed treating unknown alloys 

with a series of reagents and noting the 

results to infer the nature of the alloys. 

He lists the following 17 alloys and addi- 

tives commonly used in the foundries of 

Great Britain to which the identification 

scheme is applicable: 

High-carbon ferromanganese 

Low-carbon ferromanganese 

Ferrosilicon 

High-carbon ferrochromium 

Low-carbon ferrochromium 

Ferrotungsten 

Ferrovanadium 

Ferrotitanium 

Ferroboron 

Ferrophosphorus 

Ferroniobium (columbium) 

Ferromolybdenum 

Silicon-zirconium 

Silicon-manganese-zirconium 


503 


Ferrosilicon-magnesium 
Nickel magnesium 
Mischmetal 

The method is qualitative but not quan- 
titative. Major elements can be identified 
without much trouble, but care must be 
taken if two major elements are present in 
approximately equal quantities. 

In a companion paper,5 Green gave the 
range of compositions of the above-named 
materials normally used in Great Britain 
and solution techniques available for the 
analysis of the alloys. The ranges of com- 
position differ little from those used in the 
United States, so the procedures described 
should be applicable for use with domestic 
alloys. 


* Green, H. A Scheme for the Laboratory Identi- 
fication of Ferro-Alloys and Inoculants. Metal- 
lurgia, v. 80, No. 480, October 1969, pp. 167-172. 

Green, H. Compositions and Dissolution Tech- 
niques for Ferro-Alloys and Foundry Additives. 
E v. 80, No. 482, December 1969, pp. 
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Fluorspar and Cryolite 


By Charles L. Readling 


FLUORSPAR 


A prolonged labor dispute during the 
first half of 1969 affecting the two major 
domestic fluorspar producers aggravated an 
already tightening supply situation. 
Demand for both acid and metallurgical 
grades of fluorspar continued an upward 
trend to end the year at a level 9 percent 
higher than in 1968. Over one-half of the 
fluorspar consumed during the year was 
acid-grade flourspar used in the manufac- 
ture of hydrofluoric acid, which in turn, 
was utilized mainly in the manufacture of 
fluorocarbon compounds, aluminum fluor- 
ide, and synthetic cryolite. Growing use of 
the basic oxygen furnace (BOF) in steel- 
making was mainly responsible for the 10- 
percent increase in consumption o£ metal- 
lurgical-grade fluorspar in 1969. Imports 
for consumption (all grades) totaled over 
1.1 million tons, or nearly 85 percent of the 
Nation's total requirements for the year. 


Legislation and Government Programs. 


—No contracts for fluorspar exploration 
were made by the Office of Minerals 
Exploration during 1969. The Tax Reform 
Act of 1969, signed by the President on 
December 30, 1969, reduced the percentage 
depletion rates for domestic and foreign 
fluorspar 1 percentage point each, effective 
with taxable years beginning after October 
9, 1969. The new depletion rates are as fol- 
lows: Domestic, 22 percent; foreign, 14 per- 
cent. In December, the Office of Emergency 
Preparedness announced that 212,942 tons 
of fluorspar in inventory was considered 
excess to stockpile requirements. Of this 
excess, disposal plans for 200,000 tons were 
to be submitted early in the second session 
of the 91st Congress During 1969, the 
General Services Administration (GSA) dis- 
posed of 9,331 short dry-tons of subspecifi- 
cation acid-grade fluorspar from govern- 
ment stockpiles. Government inventories as 


1 Mineral specialist, Bureau of Mines, Minnea- 
polis, Minn. 


Table 1.—Salient fluorspar statistics 


1965 1966 1967 1968 1969 
United States: 
Production: 
Crude: 
Mine production..... short tons 772,765 737,411 838, 631 749, 219 533 , 080 
Material milled or washed. do 825,867 796,418 914,616 765,531 520,084 
Beneficiated material recovered 
short tons.. 236, 800 250, 200 284, 300 237, 000 160, 000 
Ming s (shipments). ) do.... 240,932 253,068 295,643 252,411 182, 567 
Value thousands.. $10,889 $10,841 $13,164 $11,656 $8,411 
opregen Eege dE 522 short tons 9,385 „732 10, 345 12,614 „60 
ne thousands $315 $301 $517 $49 $21 
Imports for consumption short tons 816,546 878,546 911,870 1,050,107 1,149,546 
RIUS ee thousands 19,958 $21,968 $24,485 $28 , 699 82,818 
Consumption............---.- short tons 930, 127 1,065,124 1,091,158 1,248,414 1, $56, 624 
Stocks Dec. 31: 
Domestic mines: 
ki l... L short tons.. 274,011 207,388 126,716 97,522 82,177 
Finished... ...-..-------- do...- 19, 664 26, 589 22,522 12. 557 9,751 
Consumer plants do. 235, 657 254,726 808,718 823,121 290, 470 
World: Production do— 3, 052, 970 3, 131, 208 8,498,755 3,906, 042 4,178,551 
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of December 31, 1969 included 1,102,942 
tons of stockpiled acid-grade fluorspar and 
411,788 tons of metallurgical-grade mate- 
rial. In late 1969, the National Research 
Council formed a special panel to study 
available reserves of world fluorspar and 
fluorine as well as U.S. consumer needs for 
the next 10 years. The study will be used 
to guide various government agencies in 
handling stockpile policies and in areas 
where fluorspar has strategic importance. 


DOMESTIC PRODUCTION 


Labor disputes stopped production at 
operations of the two major fluorspar 
producers in Southern Illinois during the 
first half of 1969. Employees of Ozark-Ma- 
honing Co. were on strike from January 6 
to June 28, and those of Minerva Oil Co. 
were on strike from January 6 to May 27. 
Shipments of finished fluorspar dropped 27 
percent from the 1968 total of 252,411 to 
182,567 tons, the lowest level since 1959. 
Domestic mine production in 1969 also was 
substantially below that of 1968. 

The Illinois-Kentucky fluorspar mining 
district consists of Hardin and Pope Coun- 
ties in Southern Illinois, and Crittenden, 
Livingston, and Caldwell Counties in 
neighboring Kentucky. In spite of the 
strike, the area continued as the major 
producer of domestic fluorspar in 1969 
providing 50 percent of the total shipments 
for the year. The coproduct relationship of 
fluorspar, lead, and zinc was important to 
the operations of the area. About 70 per- 
cent of the ore value was in recovered 
fluorspar, with the remainder in recovered 
lead and zinc concentrates. Colorado, Mon- 
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involving no coproducts, provided the 
remainder of the total fluorspar shipments. 

Besides the lengthy strike affecting the 
two major producers, the marked reduc- 
tion in domestic shipments was also attrib- 
uted partly to the discontinuance of fluor- 
spar milling in Rosiclare, III., by 
Aluminum Company of America (Alcoa) 
in 1968, and the temporary discontinuance 
of milling in November 1968 and contin- 
uing through 1969 at the Calvert City 
Chemical Co. at Mexico, Ky. 

Production losses resulting from these 
closures were expected to be,more than 
offset by the resumption of mining and 
milling activities at the properties of the 
Ozark-Mahoning Co. at Northgate, Colo. 
The company began development work 
and mining in May 1968, stockpiling the 
fluorspar until rehabilitation of the mill 
was completed. The mill operated 
throughout most of 1969, though not at 
full capacity. 

Increasing demand for both acid and 
metallurgical-grade fluorspar briquets and 
pellets led to expansion of existing pellet 
plants and construction of additional facil- 
ities during the year. Three new plants at 
Brownsville, Tex., were scheduled to begin 
production early in 1970, operated by Delhi 
Fluorspar Co. Oglebay-Norton Co., and 
Pennwalt Corp. Ozark-Mahoning Co. be- 
gan operating a new pellet plant at Cow- 
drey, Colo. capable of pelletizing all of 
the production at their newly enlarged 
Northgate mine and mill. Mercier Corp. 
at Detroit and Cametco Corp. in Pitts- 
burgh enlarged their pellet plant facilities 
during the year. Seaforth Minerals began 


tana, Nevada, New Mexico, and Utah,  fluorspar pellet production in mid-1969 
Table 2.—Shipments of finished fluorspar, by States 
1968 1969 
Value Value 
State Short Short 

tons Total Average tons Total Average 

(thousands) per ton (thousands) per ton 

Ines — ee 188,325 $9,134 $48.50 88,480 $4,676 $52.85 
Kentücky. ance mn ue 17,050 878 51.48 W W W 
——— —— akha AR 8,762 218 24.32 6,667 207 31.05 
Other State 38,274 1,431 37.40 87,420 3,528 40.36 
lr 252,411 11,656 46.18 182,567 8,411 46.07 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1 Includes Colorado, Kentucky (1969), Montana, New Mexico, and Nevada. 
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and Ozark-Mahoning Co. and Minerva Oil 
Co. continued pelletizing operations in 
Hardin County, Ill. 

Calvert City Chemical Co. performed 
exploration and development operations at 
their Babbguill and Shouse mines in Liv- 
ingston County, Ky. The Babbguill mine 
was formerly owned by Kentucky Fluor- 
spar Co., and the Shouse mine was pur- 
chased from Alcoa. Resumption of mining 
and milling operations was planned to 
begin late in 1970. 

Minerva Oil Co. neared completion of a 
600-foot truck incline from the Renault 


507 


level to the Fredonia level at its No. 1 
mine at Cave-in-Rock, Ill. 


CONSUMPTION AND USES 


Domestic consumption of all grades of 
fluorspar in 1969 reached a record level of 
1.4 million tons, 9 percent greater than 
that of the previous year. Consumption of 
acid-grade fluorspar accounted for 53 per- 
cent of the total, although uses of other 
grades showed a slightly greater rate of 
increase—10 percent over the 1968 total as 
compared with a 9-percent increase in 
acid-grade use for the same period. 


Table 3.—Consumption, by end use and stocks, by grade of fluorspar (domestic and 


foreign) in the United States in 1969 


(Short tons) 
Containing Containing 
more than not more 
End use or product 97 percent than 97 percent Total 

calcium calcium 

fluoride fluoride 
Hydrofluoric acid 2-2 eee 720,984 | |.  ....... 720,984 
TTT , 068 15,498 22,566 
TC EE 877 , 678 8,055 
Welding rod coatings. ............................. (1) 7,897 7,897 
ELA QUPD) ———— 2,105 (2) 2,105 

mary magnesium... _..--..--- 22 e 

Other nonferrous metals ----------------- 1,884 10,684 12,018 
Iron and steel casting 929 21,526 22,455 
Open-hearth furnacfe s.. 108,965 108, 965 
Basie oxygen furnace 379, 462 379, 462 
Electric furnace 2,912 272,101 75,018 
Other uses or produ et 42,104 „104 
J7J777öôö§Ü⁵ß65ß,ep ðͤ ͤ : eel i ect eae E 735, 709 620,915 1,356,624 
Stocks December a ....................... 2... .-- 57,740 232, 730 290, 470 


1 Included with welding rod coatings containing less than 97 percent calcium fluoride. 

? Included with primary aluminum containing more than 97 percent calcium fluoride. 

* Includes a 8mall amount of fluorspar containing less than 97 percent in the manufacture of other furnaces. 
* Includes fluorspar used in the manufacture of ferroalloys containing less than 97 percent. 


Table 4.—Fluorspar shipped from mines in the United States, by grade and use 


1968 1969 
Quantity Value Quantity Value 
Grade and use —— — — — — - ——Ocm[wsnnso 
Short Percent Total Average Short Percent Total Average 
tons of (thou- per ton tons of thou- per ton 
total sands) total sands) 
Ground and flotation concentrates: 
Hydrofluoric acid g—ꝛw—ꝛꝛ 88,782 40.6 $4,460 $50.28 71,225 51.0 $8,586 350.34 
ö os ĩ ss 34,495 15.8 1,675 48.57 18,415 13.2 990 53.78 
Ceramic and enamel. ......... 7,791 3.6 808 38.83 7,289 5.2 250 84.29 
Nonferrous.. s 3,234 1.5 158 48.87 2,146 1.6 115 58.36 
Ferrous! ___.....-..-.------- 79,578 86.4 8,768 47.29 37,964 27.2 1,961 51.66 
Miscellaneous! ..............- 4,547 2.1 224 49.21 2,517 1.8 186 53.84 
Totalta: u. ul du 218,427 100.0 10,582 48.47 139,556 100.0 7,087 50.42 
Fluxing gravel and foundry lumps 
erTouS see 81,927 93.9 1,054 33.01 42,869 100.0 1,872 82.00 
Miscellaneous 2,057 6.1 20 9.76 142 2 13.82 
l! ⁵ AA 33,984 100.0 1.074 31.60 43,011 100.0 1,374 31.94 


1 Includes exports. 
2 Data may not add to totals because of independent rounding. 
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Table 5.—Fluorspar (domestic and foreign) 
consumed in the United States, by States 


(Short tons) 
State 1969 
Alabama, Kentucky, and Tennessee 76,307 


Arizona, Colorado, and Utah. .......... 23,189 


Arkansas, Kansas, Louisiana, and 

Misc. du enc 198 , 885 
NIE ul AT EE 81,999 
Connecticut, Massachusetts, New York, 

Rhode Island, and Vermont.......... 48,936 
De . sanai 1,018 
Florida, Georgia, Maryland, North 

Carolina, and Virginia 44, 172 

a))höh„„„ 8 78,727 
ee oe og hs Se 46, 
Iowa, Minnesota, Nebraska, and Wis- 

EEN 8,066 
Michigan 444 74, 801 
Mississippi 138 
New Jersey... -aM 136, 554 
«ö;ĩð'v ²⅛⁰m -= 8 143, 832 
Oklahoma 1.4 
Oregon and Washington 2,212 
Pennsylvania... ----------------- 142,900 

[T MEET qM x EESE 253, 920 
West Virginia 52, 871 
Total stoge auum 1,356,624 


Table 6.—Stocks of fluorspar at mines 
or shipping points in the United States, 
by States, Dec. 31 


(Short tons) 
1968 1969 
State 
Crude Finished Crude Finished 
Illinois 58,722 5,939 389,600 2,558 
Utah........ 150 150 400 400 
Other 
States 1. 38,650 6,468 42,117 6,798 
Total... 97,522 12,557 82,177 9,761 


1 Includes Colorado, Kentucky, and Montana. 


Table 7.—U.S. exports of fluorspar 


Year Short Value 
tons (thousands) 
19 teeta 10,845 $517 
1988688 „614 496 
1969. nac ley 8,605 213 


Increased requirements by the steel 
industry can be expected as basic oxygen 
furnaces gradually replace open-hearth fur- 
naces in steelmaking. The basic oxygen 
process requires an average of three to 
four times more fluorspar per ton (8-12 
pounds) of steel produced than does the 
traditional open-hearth method. Fluorspar 
used in basic oxygen furnaces in 1969 was 
74,000 tons (or 24 percent) greater than 
the previous year; the total used in open- 
hearth furnaces increased less than 1 
percent. 
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Water fluoridation entered its 25th year 
in 1969. According to the United States 
Public Health Service, 2,550 water systems 
serving approximately 4,500 communities 
supplied fluoridated water to 76 million 
persons. About 8 million more live in com- 
munities served by naturally fluoridated 
water supplies.2 


PRICES 


Quoted  fluorspar prices at  yearend 
increased 6 to 24 percent over prices 
quoted in 1968, depending on grades and 
origins. The December 1969 issue of Engi- 
neering and Mining Journal quoted the 
following prices per short ton for the prin- 
cipal commercial grades of fluorspar: 


Metallurgical-grade, 72144 percent 
effective CaF $47 .50-$48.50 


Pellets, 70 percent effective CaF4.. 50. 00-57. 00 
Acid-grade concentrates, dry basis, 
97 percent CaF:: 
GCarlos ds ee 57. 50 
Less than car loads 59. 50 
Bags, extra 5. 00 
Pellets, 90 percent effective Ca F: 56. 00-60. 00 
Ceramic- grade, 95 to 96 percent 
CJ))%%%ffEryfff!;;; 8 55. 50 
European: . . 
Acid-grade, duty paid, dry basis. ... 47.50-50.00 
Mexican: 
W 70 pereent 
effective Ca F:: 
Border, all rail, f. o. b. cars ` 30.15 
Tampico, Mexico, f.o.b. vessel... 81.15 
Acid-grade, 97+ percent, Eagle 
Pass, Tex., bulk 47.00-51.00 


FOREIGN TRADE 


The United States exported only 3,605 
short tons of fluorspar in 1969, about 29 
percent of the total exported in 1968. 

Imports of all grades of fluorspar totaled 
almost 1.2 million tons in 1969, an increase 
of 9 percent over the previous year and 
accounted for 85 percent of domestic con- 
sumption. Mexico provided 75 percent 
of the total fluorspar imported into the 
United States. Spain supplied 14 percent 
of the imports, and Italy supplied 8 per- 
cent. Other fluorspar suppliers were the 
Republic of South Africa, Brazil, Canada, 
the United Kingdom, and France. 

The average value per ton of imported 
fluorspar rose from $27.33 in 1968 to 
$28.55 in 1969.  Acid-grade  fluorspar 
imported from Mexico rose from an aver- 

? Journal of American Water Works Association. 


5 years of Fluoridation. V. 62, No. 1, January 
1970, pp. 3-6 
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age of $27.59 to $30.82 per ton. The aver- 
age value of acid-grade fluorspar imported 
from Spain declined from $38.81 per ton 
in 1968 to $37.32 in 1969; that from 
Italy declined from $35.49 to an average of 
$34.78 per ton. 

The duty on imported fluorspar has 
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remained unchanged since January 1, 1968. 
Fluorspar containing more than 97 percent 
CaFz was subject to a duty of 51.875 per 
short ton, and material containing not 
over 97 percent CaF5 had a duty of $7.50 
per short ton. 


Table 8.—U.S. imports for consumption of fluorspar, by countries and customs district 


1968 1969 
Country and customs district 
| Short Value Short Value 
tons (thousands) tons (thousands) 
CONTAINING MORE THAN 97 PERCENT OF CALCIUM FLUORIDE 
France: New York City... 0...2- -MMMM SS COM 110 $8 
Germany, West: Detroit, Mich 9,574 329 — q 
Italy: 
Y leveland, ONG EPSE oe oe eis 5,040 166 13,685 507 
Detroit, Mich Eeer 14,734 610 ot. Ze. 
Galveston, Texla aom ASN D t D NE ct Oe 22, 786 717 31, 875 1,028 
New Orleans, Laa 28,402 922 87,880 1,326 
Philadelphia, Pa EE 26,580 1,047 5,952 251 
// ³⁰Üwq A PP 97, 542 3,462 89,342 3,107 
Mexico: 
El Paso, EE 81,569 2,050 69,957 2,078 
Houston, Tꝶꝶ -2-2-2 206 796 24 
gedet 255,908 6,879 304,364 9,152 
New Orleans, Laa 85,812 1,308 3,8 1,615 
Philadelphia, Pa .---------------------- 8,478 296 12,795 444 
Total z no ß 881,978 10,538 431,796 13, 308 
Spain: E 
Cleveland, Ohio 12,682 488 80,268 1,181 
Detroit, Mic... ee Eee 21,514 620 29 ,270 885 
New Orleans, La ..........................- 4, 536 147 11,210 387 
New York Cite k 2 T Lo. 
oed |. MONDO EUM CN NN RW 94,759 3,927 95,417 8,798 
a AEEA ENCORE 133 , 493 5,181 166,165 6,201 
South Africa, ‘Republic of: Galveston, Te SS NE 5,606 187 
United Kingdom: m 
Buffalo, N.Y- ß Bess — a 17 1 
Cleveland, Ohio 7,260 264 Eyes os 
Detroit, Michie on ce ee ae Be =: 1,441 58 
New Orleans, Laa 8,136 252 = ME 
Ogdensburg, N.Y............-..-..........--- EES pe 50 
San Juan, Puerto Rico. ....................-.- 155 151 10 
NK WEE 15,551 523 1,659 78 


Brazil: New Orleans, La 
Canada 


Mexico: 


Baltimore, M. ds ibmd 
Buffalo, ER, EEN 
Chicago, d EE 
Cleveland, Ohio 


Mobile, Ala 


United Kingdom: 


erter, ... 8 
San Juan, Puerto Rieo .____....-..-__-_.----- 


Grand total: 25232220 ee 8 


1 Less than unit. 


Buffalo, NN 
gite Ohio: ur aeos S m Sun sa 


din VE 

Los Angeles, Call... 2556 y E 
New Orleans, La. .....-.----------.---------- 
Philadelphia, Pa. 

San Francisco, Califff 
Total ice cr ———— HEN 

South Africa, Re ublic of: New Orleans, La 
Spain: Philadelphia, fa aa 


12, 438 291 67 3 
ne Ss 2,288 69 
12,438 291 2,805 72 
88,924 1,002 28,762 748 
14,398 870 88,949 1,041 
Se SC 1,295 84 
27 , 589 751 32,870 1,084 
28, 380 720 23,790 752 
69,257 1,885 65,887 1,812 
147,250 2.188 189,188 2,989 
616 14 ES Ss 
9,498 248 na RE 
33,476 924 36,509 959 
29,962 802 17,431 501 
d "en 66 1 
399,410 8,404 484,197 9,866 
Wes Se 6,944 172 

ize — 6 (1) 
ue Ss 20 1 

50 8 50 4 

50 8 70 5 
411,974 8,699 454, 868 9,984 
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WORLD REVIEW 


Canada.—Most fluorspar production in 
Canada during 1969 came from the Burin 
Peninsula mines of Newfoundland Fluor- 
spar Ltd., a wholly owned subsidiary of 
the Aluminum Company of Canada, Ltd. 
(Alcan). Minor tonnages were recovered as 
a byproduct at the silica operations of 
Pacific Silica Ltd. near Oliver, British Col- 
umbia. . 


Newfoundland Fluorspar Ltd. operates 
two mines, the Director and the Tarefare, 
located near the village of St. Lawrence. 
The Tarefare mine was brought into pro- 
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duction in August 1968, but the Director 
mine has operated continuously for 27 
years. Fluorspar shipments went to Alcan’s 
aluminum smelter at Arvida, Quebec. 
India.—Fluorspar production totaled 
2,385 short tons in 1969, compared with 
1,305 tons 1968. At Ambadungar, 
Gujarat State, completion of the Nation’s 


in 


first fluorspar processing plant was plagued 
by delays. The plant, proposed by the 
State-owned Gujarat Mineral Development 
Corporation, is scheduled to go on stream 
in 1971.3 


3 Bureau of Mines. Mineral Trade Notes. V. 66, 
No. 10, October 1969, p. 18. 


Table 9.—World production of fluorspar, by countries 1 


(Short tons) 
Country 1967 1968 1969 v 
North America: 
Canada el. L Se ee Ge Nan cee cee Sins r 72,752 105 ,000 110,000 
E EEN 865,439 1,021,000 1,089,417 
United States (shipment) 295, 643 252,411 182, 567 
South America: 
Ain K 21, 225 21, 853 e 22,000 
Chiles ß LL LEE DUZ. — tee ense 
Europe: 
France (marketable ddt 269, 000 297, 600 330, 693 
Germany: 
C1·ÜbU «⅛˙¼½. ]⅛²2-. d uei cue E 88, 000 88,000 88,000 
West (marketable).....................-.-..- r 108,063 110,000 101,743 
;õĩõ§¹·w0 ͥͥͥ E 226, 190 247, 944 284,490 
Spain (marketable). ----------------------------- 268, 000 282, 000 e 353, 000 
United Kingdom ẽPPP „ r 163,142 218, 000 e 220,000 
USSR SL bes ⅛˙̃ͤ ³¹ ¹ u tee coho 88 420, 000 420, 000 440, 000 
Africa: 
Rhodesia, Southern e 165 e 165 e 165 
South Africa, Republic offt t.. 105 , 058 119 ,667 165,650 
geit TEE 2,756 6,008 e 6,000 
Asia 
China, mainland _ --.L. l.l... 275, 000 275, 000 275, 000 
. ³¹¹ eee Sete bee 1,778 1,305 2,385 
Japan c.c useasdowtesa dde ut cu mE mL 16,871 17,335 13,133 
Korea: 
))))!.·Ü—˙ß¹%»»aĩĩ 8 33, 000 33,000 33,000 
SOUL Ls d LE tees 62,796 51,372 e 43,000 
Mangel ecu e ere 55,000 66,000 83,000 
Thailand WEE 146,775 210,178 328, 000 
z d EE 1,600 2,209 2,908 
Potali ³oÜÜ¹.Ü ³ÄAmA tee la bte credis r 3,498,755 r 9,906,042 4,173,551 
e Estimate. P Preliminary. r Revised. 


1 Fluorspar is also produced in Brazil, Bulgaria, and Morocco, but details are not available. 


2 Excludes recovery from lead and zinc mine dumps. 
3 Totals are of listed figures only. 
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Mexico.—An article concerning the larg- 
est producer of metallurgical fluorspar in 
Mexico was published. Ore production by 
Cía Minera Las Cuevas, an affiliate of Nor- 
anda Mines Ltd., was increased by 10 per- 
cent to 317,000 tons, and shipments of 
347,000 tons were 26 percent higher than 
in 1968. Mexicanization of Las Cuevas was 
completed by Noranda Mines during 1969 
by selling a 51-percent interest to Mexican 
nationals for a total consideration of 
$3,060,000 (U.S.).5 Fluoresqueda SA., two- 
thirds owned by Mexican nationals and 
one-third owned by Aluminum Company 
of Canada, Ltd. planned to reopen the 
fluorspar mill at Esqueda, in Sonora, 
which was shut down in 1965. 

South Africa, Republic of.— Consolidated 
Gold Fields of South Africa Ltd. will 
spend approximately $4.1 million to bring 
into production the Swaartkloof fluorspar 
deposit near Warmbaths, Transvaal, South 
Africa. Proved reserves there are estimated 
at I million tons. The mine will initially 
be an open pit operation, although an 
underground mine will be developed when 
open pit operations become impracticable. 
Consolidated Gold Fields, which holds an 
85-percent interest in Swaartkloof, has con- 
tracted to supply a Swiss company with 
40,000 short tons of fluorspar per year with 
a maximum of 50,000 tons per year, for a 
period of 5 years beginning October 1, 
1970.6 

Thailand.—Production of metallurgical- 
grade fluorspar in 1969 increased 21 per- 
cent over 1968 to 328,000 tons. The 
Department of Mineral Resources spon- 
sored a second conference on July 17-18, 
1969 at Chiangmai concerning the indus- 
try’s mechanization and modernization. 
Research and Resource Co., Ltd., which 
produces fluorspar in the Khao Yoi area of 
Petchaburi Province, was granted permis- 
sion to set up a flotation plant for produc- 
tion of acid-grade fluorspar at a capacity of 
24,000 to 30,000 toms per year. T. W. 
Mining Co. proposed to establish a 20,000 
ton-per-year plant in the Ban Hong dis- 
trict of Lampoon Province.? 


TECHNOLOGY 


Fluorine chemistry was hardly known 
outside the laboratory, until it was used in 
developing the uranium hexafluoride diffu- 
sion process to obtain material for the first 
atomic bomb. Today it is assisting mankind 
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in his push into space through use in 
rocket fuels, new lubricants, refrigerants, 
and temperature-resistant plastic coatings 
that withstand extremes of both heat and 
cold with almost no change in size or in 
physical or electric properties. In the man- 
ufacture of hydrofluoric acid, the basic 
ingredient used in a multitude of impor- 
tant fluorocarbons, there is no satisfactory 
substitute for acid-grade fluorspar. Simi- 
larly, in the second largest use as fluxing 
material in the manufacture of steel, there 
are no suitable materials available to 
replace metallurgical-grade fluorspar. 

A potential source for substantial fluor- 
ine supplies that could relieve rising costs 
and the tightening fluorspar supply is in 
recovery of waste or byproduct fluosilicic 
acid (H>SiFe) in phosphate fertilizer man- 
ufacture. Alcoa began building the first 
plant in the United States (in Polk 
County, Fla) to make aluminum fluoride 
and synthetic cryolite from fluosilicic acid. 
Two companies have applied for patents 
on processes to manufacture hydrofluoric 
acid from fluorsilicic acid. Two technically 
feasible processes for converting waste 
fluosilicic acid generated by the sulfuric 
acid processing of phosphate rock were 
developed at the Bureau of Mines Albany 
Metallurgy Research Center in Oregon. 
One process is the conversion of H2SiF¢ 
into acid-grade calcium fluoride, and the 
second process involves the production of 
anhydrous hydrofluoric acid from HzsSiFs. 
A report describing the two processes was 


to be issued after cost evaluations of the 


processes were completed. 

Several journal articles described new 
uses, medical research, and chemical proc- 
esses concerning fluorine.8 


Industrial Minerals (London). Las Cuevas: 
Largest Producer of Metallurgical Fluorspar in 
Mexico. No. 23, August 1969, pp. 22-24. 

5 Noranda Mines Ltd. Annual Report, Toronto, 
1969, p. 11. 

* Mining pone (London). The Industry in 
Action. V. 274, No. 7014, Jan. 23, 1970, p. 79. 

7 Industrial Minerals (London). ‘Thailand's Flu- 
orspar Industry. No. 17, February 1969, pp. 31-32. 

8 Chemical and Engineering News. Fluorinated 
Nitrogen-Ring is Brain Depressant. V. 47, No. 39, 
Sept. 15, 1969, pp. 50-51. 

. XeF; Fluorinates Aromatics Directly. V. 47, 
No. 40, Sept. 22, 1969, p. 45. 

Method Harnesses een Fluorination. V. 
48, No. 9 2, Jan. 12, 1970, pp. 
—. Dibeler, H., J. A. “Walker, and K. E. 
McCulloh. Dissociation Energy of Fluorine. J. of 
Chemical Physics, V. 50, No. 10, May 15, 1969, 
pp. 4592-4593. 
———, Kelley, Gordon E. A New Procedure for Self 
Application of Topical Fluoride, J. Water Works 
Assoc. No. 1, January 1970, p. 9. 
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CRYOLITE 


Mining of natural cryolite ceased in 
1969 at Ivigtut, Greenland, the world's 
only supplier of natural cryolite for over 
100 years. Shipments were made from 
stocks or from reworked dumps, and ore 
stocks are sufficient to support capacity 
operation of the concentrating plant in 
Copenhagen, Denmark, for at least 5 years. 

Pennwalt Corp. closed its flotation mill 
at Natrona, Pa., where formerly all crude 
natural cryolite imported into the United 
States had been concentrated for many 
years. Synthetic cryolite was produced from 
fluorspar or salvaged from scrapped alu- 
minum-smelter pot linings by Alcoa at 
Point Comfort, Tex., and by Kaiser Alu- 
minum & Chemical Corp. at Chalmette, 
La., and Spokane, Wash. 


PRICES 


Prices quoted in the Oil, Paint and 
Drug Reporter, December 29, 1969, for cry- 
olite were as follows: Natural, industrial, in 
bags, at works, carlots, $15 per 100 pounds; 
less than carlots, $16.75 per 100 pounds. 
These prices were unchanged from the 
respective listings for 1968. 


FOREIGN TRADE 


The import figures compiled by the 
Bureau of the Census (table 11) do not 
differentiate between natural and synthetic 
cryolite. No cryolite was received from 


Greenland in 1969, but in 1968 and prior 
years, it was assumed that the only natural 
cryolite shipments were those from Green- 
land and that essentially all of the remain- 
der was synthetic cryolite. Since cessation 
of cryolite mining at Ivigtut, Greenland, 
the only source for natural cryolite has 
been Kryolitselskabet Oresund’s flotation 
plant in Copenhagen. 


Table 11.—U.S. imports for consumption 


of cryolite 
Year and country Short Value 
tons (thousands) 
19656... 22 c 88 81,655 $3,199 
19017. 52:25 snos Es 86,319 4,118 
1968: 
Canada 8,128 578 
Denmark. ........... 220 46 
France.............. 6,415 1,227 
Germany, West 108 25 
Greenland 11 7,570 347 
Ita. S. on 15,948 3,163 
Japan 112 22 
Spali EEN 265 51 
Switzerland. ......... 11 1 
ell! 33,772 5, 455 
1969: 

Canada 2, 535 476 

Denmark. ........... 11 
France.............. 8,144 648 
Germany, West 987 220 
VWA 13,317 2, 824 
Japan 110 21 
SCC ee 280 56 

Switzerland 22 
Total. occu 20,406 4,251 


1 Crude natural cryolite. 
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Gem Stones 


By Jerry J. Gray? 


Estimated gem stone production of $2.4 
million was 4 percent less than thc prc- 
vious year because output dropped at the 
Star garnet deposit, Clarkia, Idaho. The 
decrease would have bcen larger except for 
initiation of production from a new com- 
mercial jade mine in Washington and in- 
creased visitor days at a prccious opal fce 
site in Idaho. Domestic gem stonc produc- 


tion continued to be principally the result 
of recreational mining by private individu- 
als at free or fee sites. Only a few deposits 
wcre opcrated to produce rough material 
for direct sale to wholesale or retail out- 
lets. The semiprecious gem industry of Or- 
cgon was reviewed with reasons given why 
it developed into a significant activity for 
the State. 2 


DOMESTIC PRODUCTION 


Gem stone production was reported from 
38 States. The following States supplied 78 
percent of the total: Oregon, $750,000; Cal- 
ifornia, $200,000; Arizona, $153,000; Texas, 
$150,000; Washington, $150,000; Wyoming, 
$129,000; Colorado, $122,000; Montana, 
$109,000; and Nevada, $100,000. 


Activities involving all of the precious 
gem stones (except ruby) were reported. 
The Murfreesboro, Ark., diamond pipe, 60 
years after its discovery, was consolidated 
under one owner, General Earth Minerals. 
The Dallas, Tex., firm opened the whole 
pipe to fee digging; formerly, only a small 
portion was available to the public. ? Both 
the largest emerald crystal (3-1/16 inches 
by 21% inches, 1,438 carats) and the long- 
est (6 inches by Lë inch) ever found in 
North Amcrica were collected at the newly 
opened Rist mine. This fec site and the 
older Ellis mine fec site are located near 
Hiddenite, N.C. and were operated by 
American Gem, Inc. 1 Two Montana sap- 
phire deposits were described. One, a pla- 
cer deposit, was open to the public for a 
straight fce,» and the other, a dike, 5 miles 
long with an average width of 8 feet, was 
to be worked partially commercial and 
partially by individuals who gained dig- 
ging rights by buying a lot in a vacation 
real estate development situated near the 
dike. 6 The precious opal deposit near 


Spencer, Idaho, had its first full season as 
a fec site. The mine had been operated as 
a commercial mine until late in the 1968 
scason. 7 

Concerning semiprecious gem stones, 
jade was in danger of being in oversupply. 
Two new jade provinces were supplying 
the market, one in Washington 8 and the 
other in Alaska,? along with continucd 
production from two mines in 


1 Geologist, Albany Mineral Supply Field Office, 
Bureau of Mines, Albany, Oreg. 

? Shaffer, Leslie L. D., and Steve T. Hashimoto. 
The Semiprecious Gem Industry of Orcgon. Oreg. 
Bus. Rev., v. 28, No. 7, July 1969, pp. 1-4. 

+ Leiper, Hugh. Crater of Diamonds is Reopened 
to the Public. Lapidary J. v. 23, No. 7, October 
1969 pp. 970-974. 

2 Trapp, Francis W. Green Bolts are Found 
Again Near Hiddenite, N.C. Lapidary J. v. 24, 
No. l, April 1970, pp. 116-126. 

5 Williams, Marjorie. Sapphires on the Eldorado 
Bar. Gems and Minerals, No. 383, August 1969, 
pp. 28-31. 

€ Leiper, Hugh. “Five Miles of Sapphires’’ Fam- 
ous Yogo Montana Sapphire Mine to be Reopened. 
Lapidary J., v. 22, No. 10, January 1969, pp. 
1278-1286. 

* Cuthbert, Donna L. Precious Opal, Queen of 
Gems, in Idaho. Lapidary J. v. 28, No. 7, Octo- 
ber 1969, pp. 928-930. 

* McLeod, D. L. Nephrite Jade Has Been Dis- 
covered in Washington. Lapidary J. v. 22, No. 8, 
November 1968, pp. 1034-1037. 


? Munz, William. Hundreds of Tons of Nephrite 
Jade. Lapidary J. v. 24, No. 1, April 1970, pp. 
18-26. 
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California 1? and a small output from 
Wyoming.11 Jade imported from a new 
mine in British. Columbia added to the 
oversupply.12 Demand for jade probably 
did not keep pace with supply because de- 
mand had been a function of population 
growth and affluence, which did not ex- 
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hibit a sudden growth surge. 

Output of star garnet, from Clarkia, 
Idaho, dropped sharply after the U-S. For- 
est Service stopped the free collecting on 
several square miles of its acquired lands. 
Collecting was restriced to a 40-acre fee 
site concession. 13 


CONSUMPTION 


The domestic gem stone output gener- 
ally went to rock, mineral, and gem stone 
collections, objects of art, and jewelry. Ap- 
parent consumption of gem stones (domes- 
tic production plus imports minus exports 
and reexports) declined to $343 million, 
compared with $355 million revised in 1968, 
because of greater exports. 

Total consumption was measured pri- 
marily by reported import-export data. 
The reported values contain mainly high- 
value-per-unit-weight rough and cut stones. 
The cut stones inflate the total consump- 
tion value figure by that amount added by 
foreign cutting and polishing. Gem dia- 
mond consumption, both rough and cut, 
continuing an upward trend, reached $505 
million, a 6-percent increase over that of 


1968 and 163 percent over the $192 million 
of 1962. Value of synthetic and. imitation 
gem stones including imitation pearl was 
$12.7 million, an increase of 2 percent over 
that of 1968; value of natural and cultured 
pearls declined to $12.7 million, a 5-per- 
cent decline from that of 1968 and a 43- 
percent decline from that of 1965. 

If gem stone consumption were viewed 
from the standpoint of quantity instead of 
value, it would change from l ton of im- 
ported diamonds to hundreds of tons of 
domestically produced semiprecious mate- 
rials. Consumption, in terms of quantity, 
cquates to domestic production of semipre- 
cious materials; however, there is no good 
estimate available for domestic quantitative 
output. 


PRICES 


During the year, price ranges for cut 
and polished, unmounted gem diamond 
were 0.25 carat, $100 to $400; 0.50 carat, 
$250 to $800; 1 carat, $650 to $2,750; 2 car- 
ats, $1,500 to $9,000; and 3 carats, $3,900 


FOREIGN 


Precious and semiprecious gem stone ex- 
ports were valued at $128.0 million, com- 
pared with $99.2 million in 1968. 
Diamond, over one-half carat in weight, 
cut but unset, made up the bulk of the 
exports. Reexport of all varieties of gem 
stones was valued at $97.6 million, com- 
pared with $85.6 million the previous year. 
Rough or uncut gem-quality diamond 
formed the major portion of reexports. 


Imports of gem material increased 5 per- 
cent in value over those of 1968; gem dia- 
mond supplied from 26 countries ac- 
counted for 89 percent of the total. 

The total value of emeralds imported 


was 14 percent less than the previous year. 
Although originating from 33 countries, 


to $17,000. The medium price for each 
range was 0.25 carat, $200; 0.5 carat, $500; 
1 carat, $1,600; 2 carats, $4,250; and 3 car- 
ats, $8,000. 


TRADE 


Brazil, Colombia, and India supplied 86 
percent of the total carats and 68 percent 


10 Davis, Fenelon F. Some Highlights of 1969, 
California Mining Review. Mineral Information 
Service, v. 23, No. 4, April 1970, p. 75. 

Draper, James W. Botryoidal Jade of the Cal- 
ifornia Coast. Lapidary J. v. 23, No. 5, August 
1969, pp. 684—686. 

Hemrich, Gerald I. Botryoidal Jade in Califor- 
"Ea 5 J. No. 386, November 1969, pp. 


11 Gregory, Gardiner E. Jade Hunting at Jeffrey 


City, Wyoming. Lapidary J. v. 22, No. 11, Febru- 
ary 1969, pp. 1476-1481. 
12 Cavenaile, Rene. Surrey, B.C., Housewife- 


Prospector Finds British Columbia ''Mountain of 
li Lapidary J. v. 22, No. 12, March 1969, p. 
1562. 


13 Gems and Minerals. National Forest Service 
Announces New Arrangements for Garnet Collect- 
ing w neue Creek, Idaho. No. 382, July 1969, 
pp. —12. 
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of the total value. Imports of rubies and 
sapphires remained at about the same 
level with Thailand, India, and Ceylon 
supplying 69 percent of the total value. 
The value of imported pearls decreased 5 
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percent from that of 1968 and 40 percent 
from that of 1965. India was the major 
source of natural pearl, 69 percent; Japan 
the major source of cultured pearls, 92 
percent. 


Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 


(Thousand carats and thousand dollars) 


1968 1969 
Stones 
Quantity Value Quantity Value 
Diamonds: 
Rough or uncut carats.. 2,514 $252,653 2,932 $287 , 566 
Cut but unset. ...... 2... 222 2.2.2... do.... 1,884 222, 478 1,758 217,081 
Emeralds: Cut but unset. ..................- do.... 365 10, 644 309 9,175 
Rubies and sapphires: Cut but uns et NA 9,175 NA 9,201 
MaFCBSIUOB. EEN NA 1 NA 6 
Pearls: 
CCJJ77/õ§5ͤůũ;ò.³ͥd %²¹wmĩAAA m y NA 525 NA 475 
h eck Seen 2e RR m Seu eee NA 12, 865 NA 12,238 
Ee uo lulu cc eee ects zs cue bu NA 40 NA 672 
Other precious and semiprecious stones: 
Rough and uncut NA 5,062 NA 4,847 
Cut Dut'unsetu uu. Ul uu sQ c reme EAD ed NA 11,038 NA 12,799 
Other. nag p fu ucu Su AAA lU iri NA 374 NA 559 
Synthetic: 
Cut but unset-_.. . number.. 5,085 2,404 4,886 2,798 
GM ĩ•˙ͤwAAA mum 8 N 166 NA 282 
Imitation gem stone ss NA 9,405 NA 8,999 
TOoUll..2.22 ewe ee A E ciis NA 537, 193 NA 566, 698 


NA Not available. 
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WORLD REVIEW 


Table 3.—World production of gem diamond, by countries 


(Thousand carats) 


Country 


Africa: 1 


Central African Republic 
Gr (Kinshasa)... -------------------- 


LiIDëerIg&2: u luu Ee 
Sierra Leone ---------------------- 
South-West Africa e)): 
RN TEE 


South Africa, Republic of: ° 


De Beers Group 
. ĩðͤ VA ded cian e 


Total, South Africa, Republic of. 
Total ri 88 


Other areas: 


Venezuela. 
Total Ü˙¹Aĩ ³¹¹³ ³ eee eee ee eee sles Seren bees eds 
NA Not available. 


e Estimate. P Preliminary. r Revised. 


1967 1968 1969 p 
NR 983 1.316 e 1,536 
„ 260 e 305 e 330 
5 r 263 551 491 
ahi aes 254 e 245 e 238 
* 105 e 110 e 121 
EE r 262 537 e 550 
ij 560 560 600 
„ 1.531 1.636 1.700 
„ r 433 356 e 380 
TET 594 580 NA 
5 2.128 2.170 NA 
5 334 446 NA 
"— 3.056 8,196 3.380 
OA 17.707 8,812 9.326 
"m" 160 160 160 
3 41 28 31 
I 5 7 e7 
RR ` 14 14 14 
„ 1.400 1.400 1.500 
„ m 38 60 118 
EE r 9,365 10,481 11,156 


! Gem diamond is also produced in Guinea but data are not available. 


? Exports, fiscal year ending August 31. 


3 Output of Consolidated Diamond Mines of South-West Africa Ltd. 


4 Includes some alluvial from De Beers properties. 
5 Totals are of listed figures only. 


Angola.—Exports of gem and industrial 
diamonds, totaling 2 million carats valued 
at $70 million, continued to provide a 
major portion of the country's total export 
value. Only one company, Companhia de 
Diamantes Angola (DIAMANG), mined 
for diamond; however, two new companies 
were granted concessions for the explora- 
tion and exploitation of diamond and 
other precious stones. 14 

Australia.—A 220-ounce opal found at 
Andamooka sold for a world record price 
of $188,000. 15 


Botswana.—De Beers Consolidated Mines 
Ltd. established that one of the diamondi- 
ferous kimberlite pipes discovered during 
1968 at Orapa, in the central part of the 
country, could become a major source of 
diamonds. Initial ore production of 8,000 
tons per day is scheduled for 1971 with a 
doubling of production by 1974-75. Out- 
put to date indicated a ratio of 70 percent 
industrial stones to 30 percent gem-quality 
stones. The National Assembly of Bot- 
swana passed the Precious Stone Industry 


(Protection) Act, 1969" to regulate and 
control the new industry. A mineral re- 
source and mining activities review of the 
Republic was published. 16 


Burma.—The Burmese Government held 
its fifth annual Gem, Jade, and Pearl Em- 
porium March 5-18, 1969, and sold $2.4 
million worth of material. Cultured pearls 
accounted for 44 percent of total sales. All 
gem stone prospecting, mining, and mar- 
keting was nationalized March 12, and all 
private gem- mining operations and equip- 
ment were appropriated without promise 
of compensation. The justification for the 
action was that it would provide greater 
benefits to the gem workers and to the 
people of Burma generally, and that it 


Mineral 959 Erw Dia- 
August 1969, 8-10. 
66, No. 12, December 1969, 


H Bureau of Mines. 
mond. V. 66, No. 8, 
———, Gem Stones. V. 
pp. 13-14. 

15 The Mining Journal. The Industry in Action: 
World Record-Priced Opal. V. 273, No. 7008, 
Dec. 12, 1969, p. 541. 

16 Boocock, C. Review of Mineral Resources and 
Mining Activities in the Republic of Botswana. 
Geological Survey—Botswana, Jan. 15, 1969, 12 pp. 
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would curb smuggling. The claim was 
made that the gem trade had enriched 
only a few individuals, largely persons of 
foreign origin, and had brought only poor 
revenue to the Government. 17 


Canada.—A new type opal gem stone 
with prismatic reflective colors was discov- 
ered in the Province of Alberta. The 
stone, suitable for doublets, was the, opal- 
ized conchiolin of the fossil ammonite. 18 
Two lode deposits of jade were reported to 
have been discovered in British 
Columbia. 19 


Colombia.—An emerald weighing 7,025 
carats (almost 3 pounds) was reported to 
have been found at the Las Cruces mine 
in Cundinamarca. It was the largest ever 
found in Colombia. 20 


Southern Rhodesia.—A portion of an 
emerald crystal weighing 1,160 carats was 
found at the Chikwanda mine near Fort 
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Victoria. The area may have possibilities 
as a new emerald source. 21 

Tanzania.—Tanzania exported 780,210 
carats of diamond (gem and industrial 
combined) valued at $24.9 million and 514 
kilograms of other gem stones valued at 
$200,000. Gem-corundum, ruby, and sap- 
phire exports totaled 296 kilograms valued 
at $140,000. A new source of ruby and 
sapphire was reported to have been located 
and was being mined.22 

Exports of gem zoisite totaled 20 kilo- 
grams valued at $30,000. During 1967, a 
deposit of gem-quality violet-blue zoisite 
crystals (given the varietal name tanzan- 
ite) was discovered. The crystals, because 
of a striking red, blue, yellow-green 
pleochroism, quickly gained popularity in 
the gem market. A 122.7 carat faceted tan- 
zanite was placed on display by the Smith- 
sonian Institute, 23 and several reports 
were published describing the gem mineral 
and its location. 24 


TECHNOLOGY 


A colorless synthetic yttrium-aluminum 
garnet developed for use in microwave, 
laser, and ultrasonic devices was marketed 
as a diamond substitute. Faceted stones 
were sold for $50 per carat under the 
trade name "Diamonair".25 A general re- 
view of diamond mining and recovery was 
published. 26 A study of diamonds re- 
covered from the Witwatersrand gold 
mines suggested that the stones were sub- 
ject to charged-particle radiation and sub- 


sequent annealing. 27 Single crystal sap- 
phire filaments were grown to lengths of 
100 feet with tensile strength of 300,000 
pounds per square inch and a modulus of 
elasticity 65 to 75 million pounds per 
square inch.28 A molten salt solution 
method of growing gem-grade rubies was 
discussed. Controlled defects can be intro- 
duced similar to those found in natural 
stones. 29 


T Bureau of Mines. Mineral Trade Notes. Gem 
No. 6. August 1969, pp. 18-14. 

New Fossil is Found 
9 day J. v. 28, No. 7, 


se No. 4, Apri 1910; E E — 
pidary Jou ; ew uby, apphire 
o, in Africa. V. 23, No. 9, December 1969, 
p. ; 

2 Trapp, Francis W. The Midnight Blue.” A 
New Tanzanite is Added to the Smithsonian's Col- 
580 Lapidary J. v. 23, No. 5, August 1969, p. 


* Brayman, Harold H. Really Beautiful Stuff“ 
Tanzanite. Science Digest, May 1969, pp. 70-72. _ 


Hurlbut, C. S., Jr. Gem Zoisite From Tanzania. 
Miner., v. 54, No. 5-6, June 1969, pp. 702-709. 

Fhompson, Thomas. Tanzania to Tiffany’s. 
Life, v. 66, No. 18, May 9, 1969, pp. 70-76. 

25 Business Week. Marketing—Why the Fake Dia- 
ert Market Glitters. No. 2111, Feb. 14, 1970, 


Crowingshield, Robert. 
mond Substitute. Lapidary J. v. 28, No. 12, March 


1970, pp. 1614-1619. | a 
26 Libholm, A. A. L. Diamond Recovery is Big 
Business. Eng. & Min. J. v. 170, No. 11, Novem- 
ber 1969, pp. 67-80. : 
= Raal, F. A. A Study of Some Gold Mine Dia- 
monds. The Am. Miner., v. 54, No. 1-2, January- 
February, 1969, pp. 292-301. 
3 Chemistry. Hundred-Foot-Long Sapphires. V. 
42, No. I. January 1969, p. 23. 
29 Chemical Engineering. Growing Gem-Grade 
Rubies. V. 76, No. 5, Mar. 10, 1969, p. 64. 


Gold 


By Charles D. Hoyt 


The year 1969 marked the first complete 
year in which the two-tier pricing system 
was tested following its adoption in March 
1968. Free market gold prices rose rather 
steadily for the first 5 months to peak at 
almost $44 per ounce, about 26 percent 
above the $35 price for monetary gold. 
During the balance of the year the free 
market price declined, and by mid-Decem- 
ber it had dropped to the $35 monetary 
level. A combination of events contributed 
to the decline. Among these events were 
the successful devaluation of the French 
franc, the revaluation of the Deutsche 
mark, and the decision by the Interna- 
tional Monetary Fund (IMF) in Septem- 
ber 1969 to initiate the special drawing 
rights plan (SDR) beginning in January 
1970. Additional factors contributing to the 
downward slide of the free market price 
were heavy sales by the dominant produ- 
cer, South Africa, combined with heavy 
sales of speculative gold holdings, which 
had been estimated to be about 90 million 
ounces in March 1968. As free market gold 
prices dropped to the $35 mark, world 
concern was aroused that further drops 
would jeopardize monetary gold stocks and 
potentially create international monetary 
problems. This problem was resolved by 
agreements with the Republic of South Af- 
rica whereby it would be allowed to sell 
gold to IMF to meet foreign exchange 
need when free market prices reach or fall 
below $35 per ounce. An additional aspect 
of this agreement also allows the Republic 
of South Africa to dispose of gold stocks 
held at the time of the introduction of the 
two-tier system on March 17, 1968. The net 
result of the December agreement was to 
place a floor price on free market gold at 
$35. 

Domestic mine production of gold in- 
creased considerably over that of 1968 be- 
cause of the opening of a new open pit 
gold mine in Nevada and a strike-free year 
of operations for the copper industry, 


which produces about one-third of domes- 
tic gold output as a byproduct. 

The gold reserves held by non-Commu- 
nist central banks and Governments in- 
creased to about 541 billion, which 
represented somewhat over half of official 
world reserves. In 1969, the United States 
had net gold imports amounting to almost 
$225 million, contrasted with heavy net 
outflows of gold in the 2 previous years 
which totaled almost $1.6 billion. 

Increased industrial use of gold contin- 
ued in 1969 and reached 7.109 million 
ounces, which set a new record for the 
eighth year in a row. This compares to a 
domestic mine output in 1969 of 1.733 mil- 
lion ounces, roughly one-fourth of the con- 
sumption level. 

Legislation and Government Programs. 
—At the end of September 1969 the mem- 
bers of IMF agreed to the activation of 
the SDR plan effective January 1, 1970. It 
was announced that $3.5 billion in special 
drawing rights would be allocated in 1970 
and $3.0 billion each in 1971 and 1972. 
The United States had approved this plan 
by legislation in June 1968 (Public Law 
90-349). The decision to implement the 
SDR plan, which took 2 years from formal 
introduction to approval, was a positive 
factor in reducing the free market gold 
price. The SDR plan is viewed as a natu- 
ral complement to gold as the need for 
additional total monetary reserves arises. 
At the end of 1972 the proposed level of 
SDR reserves will total $9.5 billion, which 
will represent roughly one-fourth of the 
total official free world gold stock. 

The heavy metals program of the De- 
partment of the Interior, which was 
started in mid-1966 to stimulate domestic 
gold production, achieved its first commer- 
cial result in 1969 with the startup of the 
Cortez gold mine in Nevada. In a report 


1 Physical scientist, 


Division of Nonferrous 
Metals. | 
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Table 1.—Salient gold statistics 


1965 1966 1967 1968 1969 
United States: 
Mine production thousand troy ounces.. 1,705 1, 803 1, 584 1,478 1,788 
Value `. .---------------- thousands.. $59,682 $63,119 $55,447 $58,038 $71,944 
Ore (dry and siliceous) produced: 
Gold ore thousand short tons 8,113 9,447 3,076 2,780 8,398 
Gold-silver ore do- 206 248 157 199 20 
Silver or. do 752 669 617 655 555 
Percentage derived from— 
Dry and siliceous oren 54 58 69 63 59 
Base-metal ores 40 37 27 84 40 
Elei Ee 6 5 4 8 1 
Refinery production ! 
thousand troy ounces. . 1,675 1,802 1,526 1,539 1,717 
Exports t do 86,717 13,067 28,720 23,962 338 
Imports, general ` do- 2, 905 1,20 930 5,944 5,861 
Stocks Dec. 31: Monetary ?. __ millions $18,806 $13,235 $12,065 $10,892 $11,859 
Industrial....thousand troy ounces... 2,656 2,734 8,0 8,6 4,1 
Consumption in industry and the arts 
thousand troy ounces. . 5,276 6,062 6,294 6,604 7,109 
ve EE Average per troy ounce.........- $35 $35 $35 $39 .26 $41.51 
orld: 
Production thousand troy ounces.. 46, 225 46, 580 45, 787 46,154 46,418 
Official reserves 535ñ -------- millions.. 843, 230 $43,185 $41,600 $40,905 $41,015 


! From domestic ores—U.S. Bureau of the Mint. 
? Excludes coinage. 
3 Includes gold in Exchange Stabilization Fund. 


4 U.S. Treasury price through Mar. 15, 1968, and Engelhard selling quotations Mar. 20, 1968, through 1969. 


5 Held by free-world central banks and Governments. 


issued by the U.S. Geological Survey the 
Cortez district was described as a poten- 
tially favorable area for discovery of addi- 
tional gold and mercury deposits.2 The 
Bureau of Mines developed the method 
used commerically to treat the carbona- 
ceous gold ores of Nevada. This process is 
described in the "Technology", section. 

On April 26, 1969, the Treasury Depart- 
ment revised gold coin import regula- 
tions to permit the importing of gold coins 
minted prior to 1934 without license.3 A 
second change in the gold regulation was 


made on June 11, 19694 which authorized 
“the Director of the Office of Domestic 
Gold and Silver Operations to license the 
acquisition, holding, transporation, and ex- 
portation of gold-plated coins or gold med- 
als which are either antique or are for 
public display by an institution serving the 
public...” 

In late November 1969 the Treasury an- 
nounced that the mints, effective December 
31, 1969, would no longer accept gold 
scrap from private citizens in exchange for 
gold bullion.5 


DOMESTIC PRODUCTION 


Domestic mine production of gold in- 
creased 16 percent in 1969. One major rea- 
son for this was the opening of the new 
Cortez gold mine near Elko, Nevada. This 
open pit operation went into production 
on January 10, 1969, and produced 166,000 
ounces of gold during the year. Developed 
in 8 months at a cost of $8 million, the 
mill averaged 1,750 tons per day of 
throughput and processed 582,000 tons of 
ore averaging 0.33 ounces of gold per ton. 
Total ore reserves as of January 1, 1970, 
were almost 3 million tons at a grade of 
0.275 ounce per ton. 

The Nation's largest gold producer, the 
Homestake Mining Co., reported that its 
Lead. S. Dak. gold mine was the largest 


contributor to company earnings because 
of higher gold prices. Homestake is also 
involved in the joint operation of a lead- 
zinc mine and smelter complex in Mis- 
souri, an iron ore operation in Australia, a 
small silver mine in Colorado, uranium in 
New Mexico and Utah, a brick and light- 
weight aggregate venture in California, 


? Erickson, R. L., G. H. Van Sickle, H. M. 
Nakagawa, J. II. McCarthy, Jr., and K. W. 
Leong. Gold Geochemical Anomaly in the Cortez 
District, Nevada. U.S. Geol. Survey Circ. 534, 
1966, p. 9. 

3 U.S. Department of the Treasury. Imports of 
Gold Coins. 34 F.R. 6982, Apr. 2, 1969. 

*U.S. Department of the Treasury. Gold 
Medals for Public Display and Antique Gold 
Medals. 34 F.R. 9211, June 11, 1969. 

5 U.S. Department of the Treasury. Termina- 
tion of Gold Deposits at Mints for Exchange. 34 
F.R. 19032, Nov. 29, 1969. 


GOLD 


copper mining in Peru, and extensive ura- 
nium exploration in the Western 
United States. 

At the Homestake gold mine over 1.9 
million tons of ore was processed in 1969 
from which over 593,000 ounces of gold 
was recovered. The average selling price in 
1969 for this gold was a little over $41.06 
per ounce. The level of output was almost 
identical with 1968's. Metallurgical recov- 
ery was almost 95.4 percent, and measured 
ore reserves on January 1, 1970, were 10.44 
million tons with a mill-head grade of 
0.324 ounce per ton. Major development 
work was done on three of the deep levels 
in the Homestake mine. Indicated, poten- 
tial, and possible ore reserves amounting 
to over 7.7 million tons are either being 
developed or are under planning for devel- 
opment. As a result of this the manage- 
ment expressed the opinion that “With 
the substantial new ore of better than av- 
erage grade that has been delineated on 
the deepest levels, there is good reason to 
be optimistic about the continuing opera- 
tion of this famous mine for some years." 7 
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The Mayflower mine, a gold-silver oper- 
ation run by Hecla Mining Co. in the 
Park City district of Utah, produced 52,500 
ounces of gold from 117,500 tons of ore in 
1969, compared with about 59,000 ounces 
in 1968. Estimated ore reserves declined to 
257,000 tons at yearend from 309,000 tons 
at the beginning of 1969.8 

The output of gold at the Carlin Gold 
Mining Co. operation declined to 212,000 
ounces in 1969 from 280,000 ounces in 
1968. The decline was due to the reduced 
ore grade which dropped to 0.289 ounce 
per ton in 1969 from 0.385 ounce in the 
previous year. The average price realized 
per ounce in 1969 was $41.04, which was 
$1.60 above the average 1968 price. The 
overall reserves at the Carlin mine, which 
includes 500,000 tons of carbonaceous ore, 
at yearend were 6.25 million tons averag- 
ing 0.253 ounce of gold per ton. 

The 25 leading gold producers contrib- 
uted 97.6 percent of the total domestic 
„ Homestake Mining Co. Annual Report, 1969, 


p. š 
T Work cited in footnote 6. 
8 Hecla Mining Co. Annual Report, 1969, p. 8. 
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Figure 1.—Gold production in the United States. 
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production. These 25 producers consisted 
of seven lode gold mines, one placer mine, 
12 copper mines, two copper-lead-zinc 
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mines, two lead-zinc mines, and one iron 
mine. About 3,000 persons were employed 
in the gold mining industry in 1969. 


CONSUMPTION AND USES 


Domestic consumption of gold, as indi- 
cated by sales to fabricators of industrial 
and artistic products, increased in 1969 for 
the eighth consecutive year to a record 7.1 
million ounces, or 7.5 percent above 1968 
consumption. The Office of Domestic Gold 
.and Silver Operations, U.S. Treasury De- 
partment, estimated the net industrial use 
of gold for jewelry, arts (decorative use), 
and dental purposes at 64 percent; the re- 
mainder was used for industrial products, 
including space and defense equipment. 

The estimated industrial use of gold in 
the United States increased 35 percent dur- 
ing the 1965-69 period. Over this same pe- 
riod total industrial consumption of gold 
was roughtly 4 times domestic mine pro- 
duction. 

A study on the trends in the use of 
gold, begun in early 1969 by the National 
Materials Advisory Board for the National 
Academy of Sciences and the National 
Academy of Engineering, was completed 
during the year and published in Septem- 
ber 1969. The study concludes that ex- 
pansion in domestic production will not 
keep pace with consumption demands. Fu- 
ture growth is seen in expansion of existing 
uses, particularly those of the electrical 
and electronic industry, because no new 
technological developments are foreseen 
that would have any major impact on gold 
consumption during the next 5 years. 

The jewelry industry in 1969 consumed 
somewhat over half of the total industrial 


gold used, and estimates are that the in- 


dustry anticipates an annual growth of 
about 5 percent per year. Over 80 percent 
of gold used in jewelry is alloyed, usually 
with copper. Significant amounts of gold 


for jewelry are used for electroplating and 
also as rolled gold plate and gold fill. 


The electrical and electronic industries 
are the second largest consumers of gold. 
Most of this use is in the form of gold 
electroplate to make semiconductors, 
connectors, and printed circuits. Technical 
advances in such areas as selective strip 
plating and improved plating processes 
have resulted in more efficient use of gold. 
A growth rate of 8 percent per year 
through 1973 is forecast for the industry. 

The use of gold in dentistry is also sig- 
nificant, an estimated 10 percent of total 
gold consumption in 1969. Gold alloys are 
used in orthodontics and also for inlays, 
crowns, bridges, and partials. 


Another gold application is liquid bright 
gold (an organogold complex with some 
sulfur and a fraction of a percent of rhod- 
ium) which is used for decorative purposes 
on glass or porcelain. Conductive gold 
pastes are also used in microelectronic 
components. In the aircraft industry gold 
is used as a brazing alloy; aerospace appli- 
cations are also important but do not con- 
sume large amounts of gold. 


The Sylvania Electric Products, Inc., re- 
ported in earl 1970 a new gold-dot 
connector system for printed circuit boards. 
It was reported that the new connectors 
are available in 312 different configurations 
and will be more economic than the bel- 
lows type, now generally used. The advan- 
tage of the gold-dot system is that the 
gold is used only where it is needed. Each 
gold-dot contact has two dots per contact; 
the rest of the contact is a phosphor 
bronze which is tin or solder plated. 10 


STOCKS 


Monetary.11—During 1969 the total U.S. 
gold stock, including gold in the Exchange 
Stabilization Fund, rose $967 million to 
$11,859 million at yearend. This gain com- 
pares with losses of gold in 1968 of $1,173 
million. The major factor in this increase 
was the sale of $500 million in gold to the 
United States by West Germany. The U.S. 
balance of payments, measured on the li- 


quidity basis, showed a deficit of $7.1 bil- 
lion in 1969 compared with a surplus of 


? National Materials Advisory Board. Trends in 
Usage of Gold. NMAB-254, September 1969, 17 
FP. (Available from Clearinghouse for Federal 
Scientific and Technical Information, Springfield, 


Va.) 

10 American Metal Market. V. 77, No. 10, Jan. 
15, 1970, pp. 1, 13. 

11 All figures in this section were taken from 
the Federal Reserve Bulletin, v. 56, May 1970, 
pp. A-75—A-93. 
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$158 million for 1968 and a deficit of al- 
most $3.6 billion a year earlier. The U.S. 
gold tranche position in the IMF, which is 
the amount that the United States could 
draw in foreign currencies virtually auto- 
matically if needed, was $2,234 million at 
yearend. 

The gold reserves of non-Communist 
central banks and Governments and inter- 
national banking institutions at yearend 
were estimated at $41,015 million com- 
pared with $40,905 million at the end of 
1968. This was the first increase in world 


official gold reserves after a 3-year decline 


45,000 
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from a peak of $43,230 million in 1965. 
Implementation of the SDR and the suc- 
cess of the two-tier gold arrangements 
combined to strengthen the international 
monetary system. 

The U.S. gold reserves of $11,859 million 
at the end of 1969 represented almost 29 
percent of the non-Communist gold re- 
serves, about 2 percent more than at the 
end of 1968. Gold reserves of other princi- 
pal non-Communist countries in millions 
of dollars at the end of 1969 were as fol- 
lows: West Germany $4,079; France $3,547; 
Italy $2,956; Switzerland $2,642; Nether- 
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lands $1,720; and the United Kingdom 
$1,471. IMF had gold reserves of $2,310 
million at the end of 1969. 
Industrial.—Gold held in inventories by 
domestic refiners and fabricators rose 15 
percent over 1968 stocks to 4,158,000 
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ounces according to the Office of Domestic 
Gold and Silver Operations, U.S. Depart- 
ment of the Treasury. Over the past 5 
years industrial inventories have increased 
almost 57 percent. 


PRICES 


On March 17, 1968, a floating open-mar- 
ket system was initiated for private gold 
sales based on supply and demand. Over 
the next 9 months in 1968 free market 
gold prices ranged from about $37.50 to 
$42.80 per ounce and ended 1968 at $42.30. 
Prices during 1969 were at a high in 
March, reaching $44.25 and averaged 
$43.56 for this month. The balance of 1969 
was marked by declines until a low of 
$35.45 was reached on December 19. The 
monetary price of gold remained at $35 
per ounce throughout the year. 

During 1969 the final selling price for 
gold on the London market peaked at 
$43.8214 on March 10 when the U.S. sell- 
ing price also reached its high of $44.25. 
The yearend closing price in London was 
$35.20, and the low was reached on De- 
cember 19 when it was just at the mone- 
tary level of $35 per ounce. 

Gold prices in other foreign gold mar- 
kets have historically ranged considerably 
above the London and New York levels. 
During the year the highest price levels 
for bars were reached in the Bombay mar- 
kets, where prices held at a peak $57 per 
ounce during March to May. 

Gold coins throughout the world also 
commanded large premiums. Paris markets 
showed the highest level with prices of 
$75.30 per ounce in April. 

High world interests rates reduced the 
attractiveness of holding speculative gold. 
The primary gold market decline took 
place between November 3 and 25 when 
U.S. prices dropped from $39.95 to $35.90 
per ounce. The net result was the decline 
of the free market price to almost the 
monetary level and an IMF agreement 
with the Republic of South Africa on De- 
cember 30, 1969. The IMF announced it 
would purchase gold from the Republic of 
South Africa when the free market price 
reaches or falls below the monetary level 
value of $35 per ounce. This action taken 
by the IMF and the Republic of South Af- 
rica was a key factor in stabilizing the 
price of gold. Due to a favorable balance 


of payments position, South Africa initially 
refrained from selling gold in March 1968. 
However, beginning about March 1969, 
this situation was reversed; the Republic 
of South Africa registered a large deficit in 
its balance of payments. Large amounts of 
gold were then sold during the rest of 
1969 from the large South African supplies 
that had accumulated. There were also 
large gold sales from speculative gold hold- 
ings that had been acquired between late 
1967 and March 1968. Estimates indicate 
that as much as $2.5 billion in speculative 
gold purchases were made in this period. 
Combined total sales of gold from all 
sources between March-December 1969 
probably ranged between $1 to $2 billion; 
estimates indicate that the South Africans 
alone disposed of $800 to $850 million. 

One of the complicating factors in assess- 
ing future gold pricing is the Euro-dollars 
situation. In 1969 the Euro-dollar pool ex- 
panded an estimated 60 percent to about 
$40 billion. Foreign private liquid funds 
into the United States in 1969 amounted 
to $8.8 billion and a change in the U.S. 
tight money situation could well reverse 
this flow. European bankers could then 
find their dollar holdings excessive and 
possibly purchase gold as the only alterna- 
tive reserve asset available. This would re- 
sult in upward pressures on free market 
gold prices. The yearend premiums of 
coins over gold bar, based on market 
prices in Swiss trading centers, showed the 
British Sovereign registering about 30 per- 
cent; the U.S. double eagle, 68 percent; 
French napoleon, 78 percent; and the Swiss 
20-franc gold coin (vreneli), 94 percent.12 

As mentioned earlier, one of the most 
significant events for 1969 was the decision 
by the free world countries to implement 
the Special drawing rights, a new reserve 
supplement for international monetary 
transactions. On October 3, 1969, the IMF 
announced the decision to begin using 


SDR’s on January 1, 1970. The Under Sec- 


12 Engineering and Mining Journal. Free Gold 
Market. V. 171, No. 1, 1970, p. 34. 
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retary of the Treasury testified on Novem- 
ber 14, 1969, before the Subcommittee on 
International Exchange and Payments of 
the Joint Economic Committee. Extracts 
from his statement follow: 

The series of crises and near crises 
in international financial markets that 
have been characteristic of recent years 
have been a prod for constructive 
change. But we can also take some sat- 
isfaction from the fact that massive 
speculative flows have been absorbed 
and contained without rupturing the 
basic international financial structure 
or impeding the growth of trade. Our 
defenses have been tested, and they 
have stood firm. 

Nowhere has this been more striking 
than with respect to the new gold 
market arrangements introduced in 
March of 1968—the so-called two-tier 
system. In essence, the decisions taken 
at that time separated dealings in gold 
among national authorities from the 
vagaries of industrial and speculative 
demands and new production in the 
private markets. The immediate result 
was to break the link between cur- 
rency disturbance or speculation and a 
drain of gold from official stocks into 
private hoards—a link that, in prac- 
tice, had become self-reinforcing. In- 
stead, speculation in gold now spends 
itself in fluctuations in the price in 
private markets. The process is self- 
limiting, as the rising price of an asset 
that yields no return simply increases 
the risk of subsequent loss 


I believe gold will continue to have 
an important role in the monetary sys- 
tem as far ahead as we can foresee. 
The institution of the two-tier system 
recognizes that, relative to other re- 
serve assets, the role of gold will de- 
cline over time as the need for total 
reserves grows. Indeed, operation of 
the two-tier system must assume the 
creation of acceptable reserves in other 
forms. 

In this sense, the SDR is a natural 
complement. Within three years, the 
volume of SDR's will be the equiva- 
lent of, roughly, one-fourth of the en- 
tire official stock of gold. 

But we must also recognize there is 
one area—fundamentally more impor- 
tant than any other I have touched on 
today—where the needed progress has 
been all too slow. 

I am referring, of course, to the re- 
lated problems of our balance of pay- 
ments position and our internal infla- 
tion 

The size and distribution of Fund 
quotas, the performance of the two- 
tier system, the effects of the German 
revaluation, even the major accom- 
plishment of the SDR and the poten- 
tial for some limited flexibility of ex- 
change rates will be of limited 
consequence if we do not meet our 
own responsibilities for a reasonable 
degree of price stability. 

In the end, world monetary stability 
rests on the stability of the dollar it- 
self... 


FOREIGN TRADE 


During 1969 the United States became a 
net importer of gold for the first time in 9 
years. Net imports were over 5.5 million 
ounces. The primary import sources were 
Canada (55 percent), Switzerland (21 per- 
cent), and the Philippines (8 percent), 


with the balance (16 percent) distributed 
among 26 countries. Almost 80 percent of 
the U.S. exports of gold went to Uruguay, 
all in the form of refined bullion, and 15 
percent went to Belgium- Luxembourg. 
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Figure 3.—Net exports or imports of gold. 


WORLD REVIEW 


World production of gold increased 
slightly in 1969 to 46.42 million ounces. 
Increased production in the Republic of 
South Africa, the U.S.S.R., the Philip- 
pines, and the United States compensated 
for decreased output in Canada, Australia, 
and Nicaragua. 

The gold reserves of central banks and 
Governments, excluding the Communist- 
bloc countries, increased to slightly over 
$41 billion at the end of 1969, a gain of 
$110 million over yearend 1968 reserves. 

Canada.—Gold production in Canada 
declined for the ninth consecutive year to 
2,443,544 ounces although it still ranked as 
the world's third largest producer. Output 
declined over 9 percent, from 1968 produc- 
tion, and was valued at over $94.3 million. 
The average price paid for gold in 1969 by 
the Royal Canadian Mint was $37.69, al- 
most the same as that the previous year. 

Thirty-two lode mines were operating in 


Canada of which 29 sold their gold output 
to the Canadian Government and were 
therefore eligible for assistance under the 
Emergency Gold Mining Assistance Act. 
The other three mines sold their output 
on the open market. Two gold mines 
closed during the year. 

The Province of Ontario, where 17 lode 
gold mines operated, produced almost half 
(48.2 percent) of Canada's output; the 
Province of Quebec, with 9 lode gold 
mines, (29.5 percent) was the second larg- 
est producer. Lode gold made up slightly 
over 80 percent of the gold output, and 
byproduct gold from base metal mines rep- 
resented almost all of the remainder, ex- 
cept for a very small placer production of 
0.8 percent. The average employment rate 
in the gold industry was about 9,000 per- 
sons. 

Giant Yellowknife Mines, Ltd., increased 
gold output in 1969 almost 10 percent over 
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1968 production. Almost 400,000 tons were 
milled to produce over 230,000 ounces of 
gold. Operating costs per ton were up 13 
percent to $18.24 per ton.13 

Dome Mines Ltd. reported mixed results 
from its three mining operations. Total 
1969 gold output was up slightly to 
526,206 ounces, compared with 525,050 in 
1968.14 Of the three operations controlled 
by Dome Mines Ltd., Campbell Red Lake 
Mines Ltd., produced 176,517 ounces in 
1969, Dome Mines Ltd. produced 179,661 
ounces, and Sigma Mines (Quebec) Ltd., 
produced 84,936 ounces of gold. 

Kerr-Addison Mines Ltd. reported gold 
output of 151,500 ounces for 1969, down 
from 179,900 ounces in 1968. Ore reserves 
at yearend were estimated at almost 2.5 
million tons averaging 0.50 ounces of gold 
compared to reserves of almost 3.3 million 


tons of 0.46 ounce of gold per tons at the 
end of 1968.15 

Colombia.—The International Mining 
Corp., an American firm, produced 96,132 
ounces from the operation of four dredges 
in the Department of Choco and from one 
underground mine, which produced two- 
thirds of the total output. The dredges 
processed over 17 million cubic yards in 
1969. At yearend proven dredging reserves 
were 180.64 million cubic yards averaging 
17.8 cents per cubic yard in gold values.16 


3 Giant Yellowknife Mines, Ltd. Annual Re- 
port, 1969, p. 3. 

1 Dome Mines Ltd. Report to Shareholders for 
1969, p. 50. 

1$ Kerr-Addison Mines Ltd., Annual Report, 
1969, p. 7. 

1 International Mining Corp. Annual Report. 
1969, p. 6. 
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Underground reserves were 111,000 tons 
averaging 0.79 ounce of gold per ton. 


The 1969 output of Pato Consolidated 
Gold Dredging Ltd., which is controlled by 
International Mining Corp. decreased 6 
percent to 72,812 ounces. At yearend the 
workable total reserves were 271 million 
cubic yards with an average value of 15.7 
cents per cubic yard.17 | 


Philippines.—Gold output rose for the 
sixth consecutive year in 1969 to over 
571,000 ounces. The two largest producers 
were Benguet Consolidated, Inc. 250,932 
ounces 18 and Lepanto Consolidated Min- 
ing Co. Ltd. 131,379 ounces. Lepanto's out- 
put was up almost 50 percent over that of 
1968.19 Lepanto began operation of a 150- 
ton-per-day mill in October 1969. 


South Africa, Republic of.—Output 
from South African mines reached a new 
high of 31.28 million ounces valued at $1.1 
billion, which represented about 78 per- 
cent of the free world gold production. 
Gold production from the 48 mines that 
are members of the Chamber of Mines of 
South Africa was slightly over 30.89 mil- 
lion ounces, produced by mining and proc- 
essing 80.69 million tons of ore. Ore re- 
serves of the group at yearend increased to 
almost 175 million tons compared with 
159.1 million tons at the end of 1968. 


The Anglo-American Corporation of 
South Africa Ltd. (Anglo-American) re- 
ported that gold output from its group of 
12 mines was up 2 percent over 1968 pro- 
duction to almost 12.8 million ounces, or 
almost 41 percent of total South African 
output. Total working profit of the gold 
mines was up 14 percent. One of the 
Anglo American mines, Western Deep Lev- 
els, increased its working profit by 23 per- 
cent in 1969.20 Western Deep Levels was 
the largest gold mine in the Republic of 
South Africa in terms of milling capacity 
and processed over 3.4 million tons of ore 
from which over 2 million ounces of gold 
was recovered. This single mine's output 
exceeded the entire U.S. production in 
1969. 


Other large mines operated by Anglo 
American, with 1969 gold output in 
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ounces, were as follows: Western Holdings 
Ltd. 1.8 million; Vaal Reefs Exploration 
and Mining Company Ltd. 1.12 million; 
Free State Geduld Mines Ltd. 1.95 million; 
and President Brand Gold Mining Com- 
pany Ltd. 1.6 million.?1 

Union Corp. Ltd. (Union Group) oper- 
ates 8 gold mines in the Republic of 
South Africa along with many other diver- 
sified investments including platinum, 
nickel, copper, and chrome operations in 
South Africa and lead, zinc, silver, copper, 
and fluorspar in Mexico. The total gold 
produced by the Union Group in 1969 was 
4.08 million ounces from mining and mill- 
ing 12.9 million tons of ore. The St. Hel- 
ena mine is the largest mine in the group 
and produced almost 1.1 million ounces in 
1969. The average gold price obtained for 
sales of Union gold during 1969 was 5 per- 
cent above the average 1968 price.22 

Consolidated Gold Fields Ltd. through 


Gold Fields of South Africa Ltd. operated 


nine producing gold mines and one devel- 
oping gold mine, East Driefontein, where 
shaft sinking and surface construction are 
underway. Gold production of the group 
was 5 million ounces in 1969, a half-million 
ounces below the previous year’s output. 
This decline in output was due to serious 
flooding of the West Driefontein mine, the 
world’s largest gold mine, in October 1968. 
In addition, a severe rock burst in the 
mine killed eight miners early in 1969; 
subsequently there was a severe under- 
ground fire in the mine. However, by Sep- 
tember 1969 the mine was almost back to 
normal operating levels. In spite of these 
setbacks the mine produced 1.9 million 
ounces of gold in 1969. 


17 Pato Consolidated Gold Dredging Ltd. 36th 
Annual Report. 1969, pp. 3, 9. 

18 Benguet Consolidated, Inc. Annual Report. 
1969, p. 9 

1? [epanto Consolidated Mining Co. Ltd. An- 
nual Report. p. 7. 

20 Mining Journal. Statement by Mr. H. F. 
Oppenheimer, Chairman, Anglo American Cor- 
poration of South Africa Ltd. V. 279, No. 7033, 
June 5, 1970, p. 530. 

21 Chamber of Mines of South Africa. Analysis 
of Working Results of Gold and Gold and Uran- 
ium Mining Members; Results for year January 
to December, 1969, pp. 4-5. 

22 Union Corp. Ltd. Report and Accounts for 
the year ended 31st December 1969, pp. 1, 11. 
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During the year and in the first half of completion scheduled for September 
1970, the Bureau of Mines issued a series 1970.25 


of reports on the results of investigations 
that were conducted under the Depart- 
ment of the Interior's heavy metals pro- 
gram, which began in mid-1966. The most 
significant results were obtained in the Bu- 
reau's attempts to develop a process to 
treat the carbonaceous gold ores of north- 
eastern Nevada that were described in ear- 
lier reports.23 

Preliminary successful results in solving 
this problem were presented in a 1969 
report.24 The technical feasibility of re- 
covering gold from carbonaceous ore by 
chemical and electrolytic oxidation treat- 
ment prior to cyanidation was demon- 
strated. The gold that occurs in the ore in 
the form of organic compounds is liber- 
ated by oxidation, and the adsorptive 
properties of the ore are passivated by the 
oxidation treatment. Gold recovery of over 
90 percent was obtained on ores containing 
0.8 ounce of gold per ton as compared 
with only 6- to 32-percent extraction ob- 
tained by direct cyanidation without oxi- 
dation pretreatment. The commercial im- 
portance of this work was clearly 
demonstrated by the development of eco- 
nomic methods, based on the Bureau proc- 
ess, that can be used on a half-million 
tons of formerly valueless refractory car- 
bonaceous material in the Nevada open pit 
mine operated by the Nation's number two 
gold producer, the Carlin Gold Mining 
Company. The company announced con- 
struction of a 500-ton-per-day mill with 


Other areas of investigation in the heavy 
metals program were the recovery of gold 
from scrap electronic solders 26 and the 
experimental leaching of gold from mine 
waste by percolation cyanide leaching.27 
An additional report was made on second- 
ary gold in the United States.28 

The therochemistry of gold and its com- 
pounds has been thoroughly investigated 
and reported on by two Canadian 
researchers.29 


23 Merwin, Roland W. Gold Resources in the 
Oxidized Ores and Carbonaceous Material in the 
Sedimentary Beds of Northeastern Nevada. Bu- 
Mines Tech. Prog. REDE 1, 1968, 16 pp. 

Scheiner, B. J., R. E. Lindstrom, and T. A. 
Henrie. Investigation of Oxidation Systems for 
Improving Gold Recovery from av RET S 
Materials. BuMines Tech. Prog. Rept. 2, 1968, 


pp. 

24 Scheiner, B. J., R. Lindstrom, and T. A. 
Henrie. Electrolytic 558 of Carbonaceous 
Ores for Improving Gold Recovery. BuMines 
Tech. Prog. Rept. 8, 1969, 12 pp. 

25 Wall Street Journal. Nevada Mine to Ex- 
Ha Gold From Carbon Deposit. Apr. 20, 1970, 


p. 12. 

æ Kleespies, E. K., J. P. Bennetts, and T. A. 
Henrie. Gold Recovery From Scrap Electronic 
Solders by Fused Tw 5 Bu Mines Tech. 
Prog. Rept. 9, 1969, 

27 Heinen, H. F., SÉ Bernard Porter. Experi- 
mental Leaching of Gold From ge Ae Waste. Bu- 
Mines Rept. of Inv. 7250, 1969, 

Potter, George M. Recovering Gold From Strip- 
ping Waste and Ore by Percolation Cyanide 
s a BuMines Tech. Prog. Rept. 20, 1969, 


B Staff, Bureau of Mines. Secondary Gold in the 
United States. Inf. Circ. 8447, 1970, 30 pp. 

2? Gedansky, L. M., and L. G. Hepler. Thermo- 
chemistry of Gold and Its Compounds. Englehard 
“a ux Tech. Bull, v. 10, No. 1, June 1969, 
pp. , 


Table 2.—Mine production of recoverable gold in the United States, by States 


(Troy ounces) 


State 1965 1966 1967 1968 1969 

TOT. O ea Qa ed ecu 42,249 27,325 22, 948 21, 262 21,227 
Rate, EE 150,566 142,528 80,844 95,999 110,878 
California 62, 885 64,764 40,570 16,682 ,90 
Coloradoooooooõů 37,228 31,915 21,181 22, 688 25,777 
Idahg... allein 5,078 5,056 4,838 8,227 8,403 
Montennn..ꝑ⸗rʒ 22, 772 25, 009 9,786 13, 385 24,189 
Nevada... 229,050 866,903 484 ,993 817,382 456,294 
New Mexico...................- 9,506 9,295 5,188 , 630 8,952 
S/ ĩ A Ree eun E 499 281 186 28 875 
Pennsylvania. .................- 1 90,674 1 85,000 1 78,337 1 54,4583 147,020 
South Dakotaaazaz 628,259 606 , 467 601, 785 593,052 593,146 
Tennesse 122 141 18 140 126 
Utah. KK ...... oss S 426, 299 438, 736 288,350 334,419 433,385 
Washington... (1) (1) (1) (1) (1) 
Wyoming )) y  waeuuses (1) 

WO EE 1,705,190 1,803,420 1,584,187 1,478,292 1,733,176 


! Production of Pennsylvania, Washington, and Wyoming (1969) combined to avoid disclosing individual 
company confidential data. 
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Table 3.—Mine production of recoverable gold in the United States, by months 


(Troy ounces) 


Month 1968 1969 Month 1968 1969 
January, c. . o. LL. EC 90,524 128,918 August. 145, 578 151,655 
February.............- 82,615 129,448 September 184,628 147,700 
March. .-------------- 85,054 147,158 October 188,584 162, 577 
HE 181,259 148,287 November 121,615 158,476 
J ( 187,704 144.811 December............. 122,992 148,726 
C 133, 158 133,257 


July LL 154,631 147,218 Total 1,478,292 1,788,176 
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Table 5.—Production of gold in the United States in 1969, by States, types of mines, 
and classes of ore yielding gold, in terms of recoverable metal 


Lode 
Placer Gold ore Gold-silver ore Silver ore 
State (troy ` ——— mÜUIÑT— —  — —OR  — 
ounces of Troy Troy Troy 
gold) Short tons ounces Short tons ounces Short tons ounces 
of gold of gold of gold 
Alaska. ..--.--------- 21,146 (1) ) TT bed 
Arizona. __..-..-.---- 5 512 500 63,565 139 75,487 153 
California 2, 650 2 6,263 24,789 2) (2) 126 3 
Colorado 1,056 100 70 515 86 3, 588 63 
Idaho 3 2 58 2 75 (2) (2) 531,313 887 
Montana 4 2 7,086 2 7, 479 (2) (2) 36,242 986 
Nevada. ._.-.-.----- 2 1,380,771 878,984 | ......- | ...-- 5,081 264 
New Mexico i 2522252222. wet ouacee 1,287 DUA- uo hanc Sotas 
Oregon W 3 854 3 875 (2) T MERES 
South Dakota W 1,934,622 1598.146 !“! Zelter Jegen s 
Uab Eeer used vie — bleu EU 142,738 1,156 2,842 544 
Other States. 62,237 // ³⁰·—w . ⁰· ò xeu euam. - tuere 
Total 25,418 3,892,503 5 1,031, 050 208,105 1,883 654,674 2,900 
Percent of total 
gold........ 141000 59 Swen (0 uncle (1) 
Lode 
Copper ore Lead ore Zinc ore 
Troy ounces Troy ounces Troy ounces 
Short tons of gold Short tons of gold Short tons of gold 
le, geet — drew 50 G- Elec Cn s 
Arizona____ 107,774,696 108,718 rh! -maane 
Sf ee dee, ierg 6 104,388 J A ss. 
Colorado... u. , oes ë dux 982 97 277,350 873 
Idaho............-.- 542 5 1 255,785 71,555 (7) (7) 
Montana...........- 16,016,901 15,420 72,879 7 267 (7) (7) 
Nevada............- 14,345,225 76,212 4,519 IJ ee 
New Mexico. .......- 12,491,450 8 16333 —— c 221,563 182 
C‚̈öFñ Kd mm ̃ md: ]1§r e „8 
Utah:. 222 2 upa ux 88,650,300 370,632 534 IOo eset) s 
Other States 889 2]. -cessen -aagos 261,144 2 
Total........- 189, 279, 508 579,171 369, 355 8,069 160,057 1,057 
Percent of total 
g/ 8 33 ` dos (D. ^ osi (1) 
Lode 
Copper-lead, lead-zinc Refinery 
copper-zinc, and Old tailings, etc. Total production 12 
copper-lead-zinc ores (troy 
— — — — — ounces 
Troy Troy Troy of gold) 
Short tons ounces Short tons ounces Short tons ounces 
of gold of gold of gold 
J%%ö§%5jͤͥ ĩ˙ N½ę¼: el 8 50 21,227 18,900 
Arizona 106, 783 30 91,744 81,227 108,113,005 110, 878 114, 900 
California (8) (6) 417 9 121 111,194 7,904 7,250 
Colorado 741,484  1928,532  ....... —E? 1,024,014 25,777 26,200 
Idaho..............- 671,039 876 600 8 1,465,337 3,403 3,400 
Montana...........- 1,068 9 5,435 24 16,069,611 24,189 20, 000 
Nevada 2,149 28 14,844 299 15,753,189 456,294 452,500 
New Mexico......... 54,418 102 76 2 12,768, 789 8,952 10,000. 
Ge ß. weis 854 875 850 
South Dakota... eee Ee ` Zëtteg, acas 1,934,622 593,146 593, 200 
Tennesse 1,574,140 . sss 1,574,140 126 110 
lll... Sees 567,514 60, 040 96,786 981 39,400,714 433,385 425, 000 
Other States. 33 11,289 | 23 , 803 47,020 13 45,040 
Total -.-.---- 3,725,190 84,742 149,935 3,886 198,539,322 1,733,176 1,716,850 
Percent of total 
POG su awe eee D. Susa D 10 2252 


W Withheld to avoid disclosing individual company confidential data; included in placer total and in lode 
ores as noted. 
1 Less than 1⁄ unit. 
2 Gold and gold-silver ores combined to avoid disclosing individual company confidential data. 
3 Placer combined with gold and gold-silver ores to avoid disclosing individual company confidential data. 
4 Placer combined with gold ore to avoid disclosing individual company confidential data. 
s Excludes reon and South Dakota placer production; included in placer total. 
6 Lead and lead-zinc ores combined to avoid disclosing individual company confidential data. 
7 Lead and zinc ores combined to avoid disclosing individual company confidential data. 
8 Includes byproduct gold recovered from uranium ore. 
? Includes byproduct gold recovered from tungsten ore. 
19 Includes byproduct gold recovered from fluorspar ore. 
11 Includes byproduct gold recovered from magnetite-pyrite ore. 
12 Source: U.S. Bureau of the Mint. 
3 Washington only. 
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Table 6.—Gold produced in the United States from ore, old tailings, etc., in 1969, 
by States and methods of recovery, in terms of recoverable metal 


Ore and old tailings to mills 
Total — —————— Crude ore, old 


ore, old Concentrates smelted tailings, etc., 
tailings, Recoverable in bullion and recoverable metal to smelters! 
State etc., Thousand —— An — r m - 

treated! ? short Amalga- Cyani- Concen- Thou- 

(thousand tons! 3 mation dation trates Troy sand Troy 
short (troy (troy (short ounces short ounces 
tons) ounces) ounces) ns) ns 

Alaska (š (3 //ͤ . ) ̃ ˙ AA 
Arizona 118,575 117,907 400 18 3,062,631 104, 613 668 5, 842 
California 1 1,869 | ....... ,19 1,860 1,525 
Colorado 1,090 1,087 4,014 . ....... 156,777 20, 639 3 
88 1,802 1,748 52) ls 196,208 8,2298 54 125 
Montana 16,131 16,032 22. onssa 893,882 15,524 99 8,639 
Nevada 20,215 20,122 874 878,493 372, 443 75, 877 98 2,048 
New Mexico.. 12,876 12,169  ¿... / — E 484, 867 8,421 107 580 
Oregon. 1 1 145 178 8 46 
South Dakota. 1, 985 1, 935 890,918 202 ASS 242222222. Auaris O ` seet 
Tennessee 5, 863 5,863 2-22-20 aaa- 309,678 125 . aedes. aoai 
Utah........- 39,492 rr! 1,028,839 430, 486 281 2,899 
Other States 1,741 1;441. — es MEGA aS 106,248 47,018 (8) 2 
Total.. 219,882 218,523 897,869 580,694 6,118,826 707, 471 1,809 21,724 


1 Includes some nongold-bearing ores not separable. 
* Excludes tonnages of fluorspar, magnetite-pyrite, tungsten, and uranium ores from which gold was recovered 


as a byproduct. 
3 Less than 1⁄4 unit. 


Table 7.—Gold produced at amalgamation and cyanidation mills in the United States 
and percentage of gold recoverable from all sources 


Bullion and precipitates Gold recoverable from all sources (percent) 
recoverable (troy ounces) : 
Year — Amaga- Cyani- 
Amalgamation Cyanidation mation dation Smelting! Placers 

T0 460,271 892,171 27.0 28.0 44.2 5.8 
1966. .............- 432,130 519, 631 24.0 28.8 42.1 5.1 
19672.2222 W E 400,836 609,714 25.3 38. 5 32.1 4.1 
1968688 894,051 482,616 26.7 82.6 88.2 2.5 
1969.............- 897,869 580,694 23.0 83.5 42.0 1.5 


1 Crude ores and concentrates. 
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Table 8.—Gold production at placer mines in the United States, by methods of recovery 


Gold recoverable 


Materia] | ———————————————————— 
Method and year Mines Washing treated Thousand Value Average 
producing plants (thousand troy (thou- value per 
cubic yards) ounces sands) cubic yard 
Bucketline dredging: 
19600... ee 9 11 13,685 83 $2,889 $0.211 
1966.22.52. . 9 11 13,384 75 2,631 .197 
19002. 5 oni e E E EL 10 10 5,448 48 1,690 .910 
OG Ee 4 4 3,770 20 778 206 
9999 o ²mm! sss ee = 4 4 814 13 547 .672 
Dragline dredging 
e EE 10 11 1632 22 57 090 
e re 9 9 1227 22 70 . 808 
EE 4 4 1 55 21 21 3 .981 
JJ. 5 3 3 181 21 54 3 499 
1939 uuu po s 2 2 12 2 (4) 17 3.934 
Hydraulicking: 
/. A ee eS 6 6 4 (4) 3 750 
. 4 4 41 (4) 9 211 
1961... EH 4 b 7 1 27 3 .478 
ENEE S2 as 8 Be n „ 
GD 55. 5 m dere 4 Se 3 (4) 3 1.245 
Nonfloating washing plants: 
// ³ĩ˙¹ aa 48 64 1501 211 391 779 
186 ²⁰wyʒ 86 41 59 1548 213 456 834 
/ 8 41 57 1797 213 472 3.449 
1968888 8 26 37 1384 28 325 3.498 
%%üͥͤã ĩↄX 86 30 42 1347 29 365 3.727 
Underground placer, small-scale me- 
chanical and hand methods, and 
suction dredge: 
1965- UPS 70 48 68 4 140 2.059 
6 8 57 23 26 2 56 2.159 
// 8 53 19 63 2 59 925 
1968... Soup EE 50 22 1241 28 296 31.227 
1969 EE 26 4 112 3 123 1.100 
Total placers: 
19605 ee ee oe s ĩ S 148 140 114, 890 2100 8,480 .284 
% d. er lu ene 120 106 ! 14,226 2 92 3,222 227 
19 ura REEL 112 95 16,370 2 65 2,269 3 .932 
TEEN 83 66 14,476 237 1,457 3 .292 
1909 EE 66 52 11,278 2 25 1,055 3 .726 


! Excludes tonnage of material treated at commercial sand and gravel operations recovering byproduct gold. 

? Includes gold recovered at commercial sand and gravel operations recovering byproduct gold. 

E Gold 8 as a byproduct at sand and gravel operations not used in calculating average value per 
cubic yard. 

4 Less than 1⁄ unit. 


Table 9.—U.S. gold consumption in industry and the arts e 
(Thousand troy ounces) 


Industry group 1965 1966 1967 1968 1969 

Jewelry and art r 3,429 53,758 113,840 3,908 3,839 
Dents... EE r 369 r 424 r 566 771 710 
Industrial, including space and defense r 1,478 1,880 71,888 1,925 2,560 
AP Ota EE 5,276 6,062 6,294 6,604 7,109 


e Estimated by Office of Domestic Gold and Silver Operations. Revised. 


Table 10.—U.S. exports of gold in 1969, by countries 


Ore, base bullion, and scrap Refined bullion 
Destination Troy Value Troy Value 
ounces (thousands) ounces (thousands) 

Belgium-Luxembourg. .....................- 48,527 $2,023 2,895 $125 
CANO oti hee ee c s um ex ↄ 632 23 
or „ 147 
Mexico ) y ĩðò . r 6,747 284 
Sweden... ðꝛ˙? vm Lee cA e 2, 300 r! I IZ oes 
United Kingdom. .........................- 8,040 e 
FH] ]˙ðAnꝑ ⁵˙.¹ in... m k — aeae 269, 013 9,415 


1277. y Uic 58, 867 2, 434 279, 434 9, 853 
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Table 11.—U.S. imports of gold in 1969, by countries 


Ore and base bullion Refined bullion 
Country Troy Value Troy Value 
ounces (thousands) ounces (thousands) 

ERR ß uu EEG MEUS 24,840 $0905 ° " — ussess. ë S32 
Aü lI EE $1 
Belgium- Luxembourg 5,242 215 70, 840 2,592 
Let ³ĩðVꝛ ] y T ees. 179 34, 456 1,828 
5755 ——— eO a 66,946 2,567 8,157, 288 131, 102 
// ³ð VA ĩ 8 8, 858 310 SOME E Det 
Colombia 37Vͥͤ ĩ ] §V o te ta ie ee 834 e GEES 
FUr ⁰ 22 , aaa 
El Salvador... / ]⁰Ü˙“ - c 2202 2 eee om 1,109 40 
CO apod CPU 41,800 1,797 
Germany, West 681 27 8,702 888 
Honduras... . oor ³ð m ⁵ eee 5,640 177 1,691 69 
ong Kong... l. l l U L S S med SES 1,804 47 6,020 248 
LC REECH 66 29 
J%%%0õöĩ%Ot⅛᷑71¹.Äx! .:.... x — andre: 94, 750 8,852 
C) b. ONCE . ese tse 4,018 l9  — eS. ZS 
Netherlands- U. u... U ll. T.J... OOO... Obeses ewe 207,758 8,898 
Nicaragua_...... . .. sk oe CMM 46,662 1:986. — —  J— Ln 52x39 
J 2522). yt y 8 128 )) Mandos 
Panama- EE 2,089 HA. — vulc. ë du cuius 
EE , 683 bb ë ë Sanaos 
So Pones, COE MORS y A EEE 47,110 1,937 412,158 14,459 
i . lo — D — uc . Woxexez 
South A Africa; Republic of... -------------- 1,442 54 24,896 952 
SWEdel.. eege 81 1 8,601 152 
8 // ³ ³ÄAA eee. ë ses 1.215, 478 49, 267 
CI... ·-y y y ë iut 25, 0 1. 090 
United Kingdom... n %—? nꝝc 318, 131 12, 626 

ene ⁵ h ð 2 1 
TOU GE 236,738 5,624,649 227 , 842 


1 Less than Le unit. 


Table 12.—Value of gold imported into 
and exported from the United States 
(Thousand dollars) 

Year Imports Exports 
J 8 éch 547 $1,005,199 
1968.5... eee eens 226 , 268 839,159 
199 ores 286, 906 12,287 
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Table 13.—World production of gold by countries 


(Troy ounces) 


Country! 1967 1968 1969 » 
North America: 
RN TEE 2,961,999 2,688,018 2,498,544 
Costa Rica ꝛ· 500 500 500 
IHA ³ðVA A ⁵ ⁵ 8 r 5,000 8,000 8,000 
Hondüras....1.2..u2u 8 5,924 6,150 6,223 
MéeXICO.- ENEE 165,287 176,952 180,599 
Nie ð⅛ðùi n nadie 177,702 193,008 120,011 
United States 1,584,187 1,478,292 1,783, 176 
South America: 
Il ³AAAAAAA 2722 55, 069 68, 266 e 51, 000 
7777;CõöĩL·: ¼ u uD ⁊ͤ v Sua iE r 185, 735 176, 628 176, 938 
Ii. ⁵ĩðVäĩ%„ ⁰ sss 58, 135 57,743 59,102 
GColom iss cusses ee 257,668 289, 555 218, 872 
OT EE 6,738 i i 
French Guiana.......................-.- 7,584 5,099 8,590 
SARL ß e bea ua 2,379 4,088 2,102 
Pori ted aio eee ĩðViĩd 8 82,006 105,118 127,722 
e, e 4,514 4,7 
Venezuela. 20, 000 20, 600 19,385 
Europe: 
NMinland. ß 20,281 21,380 18,872 
FPFJ/§§öÜ—Q21 A è a erue REOREIRS 62, 703 55, 000 48, 000 
bierg d NM! A Ee 916 e 1,000 e 1,000 
Portugal (mine output)................. 27,103 17,394 e 17,758 
Sweden (mine output)... . Lv cou * 60,668 49 , 737 e 42,310 
U.S Seite! tat uuu s uu Silu ids 5,700,000 5,900,000 6,250,000 
. jn 8 68, 064 70,314 76, 068 
Africa: 
Gamsen T ERE EE dae 991 465 177 
Congo (Brazzaville)....................- r 5,048 4,790 5,000 
Congo (Kinshasa). ....................- 153,520 169,975 175,804 
Ethiopia. ............................- r 22,943 38,828 42, 400 
P o·¹ꝛ²ꝛ² Mga ꝛ³ S s> E 29, 250 16,724 14,243 
EI EE 762 ,609 727,122 706, 621 
Kenya cu coarse cq coL u lues s 83,366 31,974 17,9038 
III ³ð2AA ⁵³ 8 „111 „218 1,196 
ns dd Republic 752 64 
JJ õͤ 8 39 215 298 
Rhodesia, Southern 519,877 499, 943 e 480, 000 
South Africa, Republic of 30, 534, 695 31,168, 831 31,275,882 
SUde uos occu mrs 8 200 29 NA 
Tanzahnid 9999 99m cose nandi Su r 18,523 17,478 16,016 
Zambia °.. ————— 5,000 5,000 5,000 
Asia: 
Ce TEE 150 150 150 
oil... Esse Ree 4,000 4,000 4,000 
China, mainland e. _ __ ...........-.-- 50,000 50,000 50,000 
India EE 101,628 115,357 109, 473 
eee, . eaaa a 7,752 5, 968 7,597 
BCE o d ide 252, 998 238,511 252, 705 
Korea: 
EE 160,000 160,000 160,000 
Sour; 68 , 887 62, 405 50, 734 
Malaysia 
CT EE 1,290 1,454 3,153 
PAWSEK EE 2,521 2,718 2,271 
PhIHDDIBe8B. eat 490 , 557 527,355 571,145 
CA RE w eise O 85,563 20,994 21,486 
Oceanía: 
Austráliaz ĩᷣͤ EL a opRRRELGS r 805, 336 787,358 716,089 
7JöĩÜLwẽ . 22 ccu iim C 111,028 106,784 91,572 
New r -22 --------------M 10,703 8,626 10,717 
Papua and New Guinen -.-..----.-------- 27,671 26,144 25,857 
NEE r 45,736,615 46,154, 155 46,417,523 


e Estimate. P Preliminary. r Revised. NA Not available. 

1 Gold is also produced in Bulgaria, Czechoslovakia, Rumania, Spain, and small quantities probably in East 
Germany, Hungary, Thailand, and several other countries. Data for these are not available. Data are also 
lacking on clandestine activities. 

2 Mine production. 

s Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 

4 Purchases by Bank of Monrovia. 

s Refinery production for Japan was as follows: 1967—678 ,133 ounces; 1968— 614,348 ounces; and 1969— 
677,480 ounces. 

* Totals are of listed figures only. 


Graphite 


By Lewis K. Weaver 


Domestic production of manufactured 
graphite increased to 225,500 short? tons 
in 1969 from 208,200 tons in 1968 (revised 
from 213,300) . Imports of natural graphite 
decreased from 67,800 tons to 58,500 tons, 
and the domestic output increased slightly. 

Legislation and Government Programs.— 
Defense material inventories showed that 
the 1969 yearend stockpile of various 
natural graphites totaled 42,828 tons, com- 
pared with 43,653 tons at yearend 1968. 
The change was due to a decrease of 405 
tons of Malagasy crystalline and 420 tons 
of other crystalline. 

As of December 31, 1969, 14,331 tons of 
Malagasy crystalline flake was authorized 


for commercial disposal by negotiated offers 
over a period of years.3 A bill (S. 3451) to 
authorize the disposal of approximately 386 
tons of natural Ceylon amorphous lump 
graphite now held in the national stockpile 
has been introduced in the Senate. This 
quantity is the excess over the objective of 
Ceylon amorphous lump shown in table 2. 


1 Petroleum engineer. Bureau of Mines, Dallas, 
Tex. 

2 The quantites used throughout this chapter 
are short tons unless otherwise specified. 

3 Disposal plans approved by the affected Fed- 
eral agencies and Government-industry consulta- 
tion limit the quantities to be sold in a given 
period. GSA solicitations and invitations-for-bid 
should be consulted for actual quantities being 
offered for sale. 


DOMESTIC PRODUCTION 


For the eighth consecutive year the only 
domestic producer of natural graphite was 
the Southwestern Graphite Co., Burnet, 


Tex. Data on their output are company 
confidential; 1969 output was slightly more 
than in 1968. 


Table 1.—Salient natural graphite statistics 1 


1965 1966 1967 1968 1969 

United States: 
Consumption short tons.. 347, 100 3 48,400 38, 800 38, 500 87,200 
Value 2222222224 thousands.. 236, 390 $6,629 $5,700 $5,904 $6,954 
ExDOrB...... 2m s short tons 8,200 8,200 8,600 ,20 „700 
Iii... 8 thousands 3419 3428 3460 3509 $682 
Imports for consumption short tons 58, 100 56,700 56,700 67,900 58,500 
JVA thousands.. $2,387 32, 545 32,348 32, 495 $2,419 
World: Production short tons.. 669,400 588, 816 894,817 481,498 NA 


NA Not available. 

1 All short tons rounded to nearest 100. 

2 Includes some artificial graphite. 

3 Includes some estimates. 

Synthetic graphite Production was 
225,526 tons in 1969, an 8.3-percent increase 
over the revised 1968 tonnage (208,197 


tons) Total value increased from $114.6 


million in 1968 (revised from $117.7 mil- 
lion) to $138.2 million in 1969. Most syn- 
thetic graphite is manufactured from petro- 
leum coke. The eight companies producing 
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Table 2.—Government yearend stocks of natural graphite 
(Short tons) 


Type of graphite 


Mala wd "T dip flake: 


5 erystalline fines: 
bjective 


Excess: Non-stockpile grade 


Ceylon amorphous lump: 


G ðkß ⁰ 


Other than Ceylon and Malagasy, erystalline: 


Ge. A 8 
Excess: Stockpile graden 


l Includes 56 short tons Ada o er iar e 
pile-grade materia 


2 Includes 867 short tons non-stoc 


National Supplemental Total all 
stockpile stockpile stockpiles 
3 10, 800 RR 10,800 
3 14, 690 BOND 14,690 
EH 25,490 8 25,490 
5,230 1,909 7,189 
J | eerie 1 1 
88 5, 280 1,910 7,140 
— gt Ata: 14,296 1,204 5,500 
5 16 224 386 
83 4, 458 1,428 5,886 
8 22,800 iln 2,800 
5 1,512 Deets 1,512 
m E 4,812 N 4,312 


ource: Office of Emergency Preparedness. Summary of Raw Material Inventories on Hand as of Dec. 31, 


1969. DM-77. 


synthetic graphite and the plant locations 
are as follows: 


Company Location 
Air Reduction Co., Inc.: 
Airco Speer Electrode and 
Anode.................- Niagara Falls, N.Y. 
Airco Speer Carbon Products. St. Marys, Pa. 
Becker Brothers Carbon Co............. Cicero, III. 
Chas. Pfizer & Co., Inc.: 
Space Age Material Cord Woodside, N.Y. 
inerals, Pigments, & Metals Easton, Pa. 
The Carborundum C( o Hickman, Ky. 
DO sos. S Sanborn, N.Y. 
Great Hakes Carbon Cord Rosamond, Calif. 
A — 8 organton, N.C 
EE Niagara Falls, N.Y 
The Ohio Carbon Coo Cleveland, Ohio 
Stackpole Carbon Co...............- St. Marys, Pa. 
Union Carbide Cord Columbia, Tenn. 
DO. EE Niagara Falls, N.Y. 


New producers of manufactured graphite 
in 1969 include two divisions of Chas. Pfizer 
& Co., Inc: The Space Age Material Corp., 
Pyrogenics Division, and the Minerals, Pig- 
ment & Metals Division. Another division 
of Air Reduction Co., Inc., the Airco Speer 
Carbon Products, was added to the list. 
Deleted from the list was The Dow Chem- 
ical Co. plant, which was closed in 1969. 


CONSUMPTION AND USES 


Manufactured and natural graphite are 
being used to make many of the same 
products, including lubricants, steel, foun- 
dry facings, batteries, and brushes for elec- 
tric motors. Manufactured graphite is an 
excellent electrode material because of its 


purity, chemical inertness, resistance to 
thermal shock, and high conductivity. 

Caution is suggested in determining con- 
sumption patterns of natural graphite from 
the data in table 3. Only about 67 percent 
of the apparent consumption was reported 
in 1969 and 58 percent in 1968. 
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Table 3.—Consumption! of natural graphite in the United States in 1969, by uses 


i Crystalline Amorphous 3 Total š 
se 
Short Short Short 
tons Value tons Value tons Value 

Battere W W W W W W 
Bearings 104 $51,307 (4) (4) 104 $51,807 
Brake lining 452 155 ,428 614 $218,570 1,066 868 ,998 
Carbon brushes._.._.... 67 88,485 521 247,884 588 285,869 
Crucibles, retorts, stoppers, sleeves, and 

ll ⁵⁵⁰ 4,639 780,798 (4) (4) 4,689 780,798 
Foundry facing 1,762 858,978 6,266 663,248 8,028 1,017,221 
Lubricants. |... ................ lll ll... 802 107,821 2,400 884,495 2,702 492,816 
( ²˙“Äͥͥ ²˙¹.ͥͥͥͥͥͤ ½'b . bes 195 102, 681 214 80, 802 409 182,988 
Paints and polishes. ....................- 28 7,514 159 20,483 182 27,997 
F: ⁵³ðWAA ⁰ Se 1.492 528,414 698 137,681 2, 190 666,095 
Refractor ies (ë) (8) 5,554 785,419 5,554 785,419 
Rüben an SS. Uus (5) (5) 225 78,054 22b 783,054 
Steelmaking. ..........................- 960 156,158 5,664 422,228 6,624 578,886 
Other f. uu l u u ³AA eens 1,827 531,990 3,026 561,869 4,858 1,098,859 

7ôöÜö%o8ĩ;?%5 Erea anih 11,828 2,814,569 25,841 3,539,228 37,164 6,858,797 


W Withheld to avoid disclosing individual company confidential data; included in “Other.” 

1 Consumption data incomplete. Exciudes numerous small consuming firms. I 

2 Includes mixtures of natural and manufactured graphite. 

! Data may not add to totals shown because of independent rounding. 

* Included with crystalline to avoid disclosing individual company confidential data. 

5 Included with amorphous to avoid disclosing individual company confidential data. 

* Includes adhesives, chemical equipment and processes, electronic products, gray iron castings, powdered 
metal parts, small packages, specialties, and items indicated by symbol W. 


PRICES 


Quoted prices for natural graphite show 
the range of prices negotiated between 
buyer and seller for different specifications 
of several kinds of graphite. 

The Oil, Paint and Drug Reporter re- 
ports on a different basis. All prices are ex 
warehouse; December 1969 quotations 
follow: 


Per pound 
Nos. 1 and 2 flake Ca 
90 to 95 percent carbon. ...... $0.29 to $0.32 

Powdered crystalline graphite: 

88 to 90 percent carbon .20 to .246 

90 to 92 percent carbon .225 to .255 

95 to 96 percent carbon 29 to 82 
Powdered amorphous graphite - 0665 to 12 


Powdered amorphous graphite, 
minimum of 97 percent carbon.. 805 to 83 


Yearend prices, f.o.b. source quoted in 
the Engineering and Mining Journal, for 
two major classifications of graphite im- 
ported by the United States were as 
follows: 


Per short ton 
1968 1969 
Flake and crystalline 
graphite, bags: 
Ceylon............. $74 to $214 $80 to $179 
Germany, West. .... 112 to 610 118 to 685 
Malagasy Republic... 86 to 204 82 to 281 
Norway............ 90 to 155 68 to 109 
Amorphous, nonflake, 
cryptocrystalline 
graphite (80 to 85 
percent carbon): 
Mexico (bulk) $19 to $22 $19 to $21 
South Korea (bulk).. 18 24 
Hong Kong (bags)... 28 24 
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FOREIGN TRADE 


Exports of natural graphite increased to 58,479 tons, but stayed above the aver- 
bout 36 t the 1968 level to 38e for the past 5 years (57,320 tons). 
TEN aert Pë Although Ceylon increased the export duty 
on graphite, U.S. imports for consumption 
consumption decreased about 14 percent increased 1,295 tons. 


an alltime high of 5,655 tons. Imports for 


Table 4.—U.S. exports of natural graphite, 
by countries 


Amorphous, crystalline flake, 
ump, or chip, an 


natural n.e.c. ! 
1968 1969 
Destination —————————————— 
Short Value Short Value 
tons (thou- tons  (thou- 
sands) sands) 
Argentina 8 $1 18 $2 
Australia 69 8 42 4 
Bolivia. ._-----.-.- SS ER 11 1 
Brüvil.--2--2::2— 19 2 55 5 
Canada 1,959 223 2,087 285 
Chile 44 6 41 4 
Colombia 45 7 38 6 
Denmark. ......... 6 1 41 5 
Dominican Republic 21 3 55 4 
Finland 22 2 Juz das 
France............ 185 28 376 42 
Germany, West..... 187 14 92 8 
Ireland 30 3 5 1 
Israel. T TN 20 1 
Italy nnl 111 12 95 13 
ann. 246 30 408 54 
Libya... 2-2 - ue wee 35 6 
Mexico...........- 450 51 862 46 
Netherlands........ 90 12 848 40 
New Zealand....... EN NM 26 2 
Panama........... re Ser 28 3 
CC a 22 3 17 2 
Philippines 74 10 168 17 
Spain EI "T 10 2 
Switzerland 9 1 9 1 
Taiwan ER = 38 4 
United Kingdom.... 409 60 1,020 138 
Venezuela. 170 32 159 27 
Other countries 48 5 62 9 
Total. 4,169 509 5, 655 682 


1 Not elsewhere classified. 


WORLD REVIEW 


Italy.—A joint venture of Union Car- near Caserta, Italy. The initial plant invest- 
bide and Insud Italiana started manufac- ment was about $9.6 million and produc- 
turing graphite in June 1969 at a plant tion will be about 12,125 tons annually. 
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Table 5.—U.S. imports for consumption of natural artificial graphite, by countries 


Natural Artificial Total 
Crystalline Crystalline Other natural, 
flake lump, chip, crude and 
or dust refined 


Year and country — 
Short Value Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- tons (thou- 


sands) sands) sands) sands) sands 

iU [y NER ERR 4,768 $511 14 $4 51,585 $1,796 818 337 56,675 $2,948 

1968: 
Austriaaůa . ——À c RN 28 2 PON DR 28 2 
Canada... cocoa SE Gate 2s POS 57 4 r (1) r (1) 57 4 
RE A uc ec € TON Gest, zas 2222 261 Së -.. 2,222 261 
Germany, West 829 170 161 50 1,516 194 TN -.. 2,506 414 
Hong Kong EN i Lee ERIS 225 5 n "em 225 5 
Italy... ( NUN NE 80 10 83 4 7 2 70 16 
Korea, South. ......... Tom ic EN a 460 12 "m zs 460 12 
Malagasy Republic 728,924 12413 25 2 104 16 M -.. 74,053  Á 7481 
Mexico...............- Ios "ES Dx --- 55,160 1,085 P -.. 55,160 1,085 
Mozambique........... 6 4 eso nir. bio Em ES Se Š 4 
Netherlands 2 4 E e RN (e be — 2 4 
Norway.-........-...- "S Ita Greg -.. 2,999 269 oS --. 2,999 269 
South Africa, Republic of zu Seu 80 2 io Den ms DEN 80 2 
Switzerland SE E ae SE e SE 10 4 10 4 
United Kingdom — e — ene e io 95 81 95 81 
Total..............- 4,760 591 246 64 62,804 1,802 112 87 67,922 2,494 

1969: 
Austria. ne apers — nrc 20 2 Ge € 20 2 
Ceylon...............- xc 8 102 9 3,415 893 BH --- 8,517 402 
France.  . ----------- 2 1 ie EM 14 8 ¿emak TU 16 9 
Germany West......... 817 59 92 80 1,114 148 12 9 1,585 246 
Hong Kong zu eae ane Saxe 337 8 AD mee 337 8 
Daly 22354 suu G5s558 mesh pesen 16 6 oan — 2 2 18 8 
Korea, South... 22 2 TN due 596 15 EH zag 618 17 
Malagasy Republic 4,531 457 Ez — 511 50 dens -.. 5,042 507 
Mexico NR ES Ed --- 43,269 876 SERA --- 48,269 876 
Noreag. e Ge PAM T -.. 4,087 834 S _.. 4,087 834 
Sweden E ct: ated Eb. 44 4 Brads uc 44 4 
Switzerland Kb EN NM Een xc m 6 2 6 2 
United Kingdom 20 4 zz PI Saye — AN (!) 20 4 
Total___ ` 4,892 528 210 45 53,357 1,888 20 18 58,479 2,419 

r Revised. 


1 Less than 1⁄4 unit. 
? Includes 28 short tons ($2,277) reported from Turkey, believed to be Malagasy Republic, by the Bureau 
of Mines. 
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Table 6.—World production of natural graphite by countries 
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(Short tons) 
Country ! 1967 1968 1969» 
North America: 
eee en att ee ee ee estes 44, 858 58, 085 NA 
United t ⅛ðàé—Ü—ũꝗcwuPs W W W 
South America: 
A; ⁵ ᷣ sus 236 121 NA 
FCFõ⁰ë ] wvVVThWWhVJTVW0V0B0B—äw 8 3,192 2,491 NA 
Europe: 
ll ³ K 34, 768 28,074 e 28, 660 
Germany, West __......---..--------------.----- 18,066 e 13,228 e 18,228 
l! ³ð2³A A DE ne. 2, 069 1,556 e 1,548 
, e r 8,381 9,017 e 8,818 
USS R "E 71,650 77,162 77,162 
Africa: 
Malagasy Republic. ......................-.....- 16,414 18,111 NA 
South Africa, Republic of 740 797 441 
Asia: 
Ceylon (exports) 2225220 11,428 11,907 12,586 
China, mainland °.. ----------------------------- 88,069 33,069 83,069 
Hong Kn ss 2:2: 84 9 BBíwescEREI 21 558 219 
Japan zz donee Se EIE sede 3 1,890 1,641 1,908 
Korea: 
õĩõĩêék'ĩ ̃ ee 82, 673 82, 678 82, 673 
S ͥ A 170, 417 143, 008 e 81, 461 
Total ucu ³˙Am Aim 8 r 894,817 481,493 841,763 


e Estimate. P Preliminary. 
company confidential data. 


! Graphite is produced in Czechoslovakia, India, Southern Rhodesia, and Southwest Africa, but production 


data are not available. 
2 Total is of listed figures only. 


r Revised. NA Not available. 


Table 7.—Malagasy Republic; Exports of 


graphite, by countries 


(Short tons) 
Destination 1967 

Australian 55 
Canada.. ..---------------- 56 
Franee . MO 4,821 
Germany, West 1,784 
e 207 
/ AAA 944 
Pl A luu 2,230 
Netherlands 104 
Poland EE 248 
EE 255 
United Kingdom............ 2,818 
United States 4,817 
Other countries. 22 

Total... u. ST u z 17,856 


W Withheld to avoid disclosing individual 


GRAPHITE 


545 


TECHNOLOGY 


Research and development of graphite 
composites was continued bv several com- 
panies that were testing fiber composites 
for use as aircraft and aerospace structural 
components. These components would 
effect substantial weight savings, especially 
valuable for aircraft and aerospace uses. 
One application now being tested on an 
aircraft is 27 percent lighter than the usual 
aluminum section. 


A new method for treating graphite 
raises its threshold of oxidation from 
7509 F to 1,0009 F.5 Graphite semiperma- 
nent molds made from treated material 


should last longer, and field tests of fluxing 
tubes made of the treated material last 
from 2.5 to 6 times longer than untreated 
tubes. 


NASA research has produced a new solid 
lubricant, graphite fluoride, which is effec- 
tive in both moist and dry air and in | dry 
argon up to about 400° C.e 


* Vaccani, John A. Graphite Composites Take 
Aim at the Sky. Materials Eng., v. 69, No. 2, 
February 1969, pp. 36-38. 

5 Steel. Treatment Ups Graphite Durability. V. 
164, No. 5, Feb. 3, 1969, p. 21. 

6 Iron Age. Graphite Fluoride: A Solid Lubri- 
cant. V. 204, No. 24, Dec. 11, 1969, p. 26. 
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Gypsum 


By Roy Y. Ashizawa 1 


Despite a scarcity of mortgage money 
and increased interest rates which discour- 
aged residential building, greater demand 
for drywall plaster components in construc- 
tion of hotels, office buildings, and high- 
rise. apartment structures resulted in a re- 
cord output of 9.1 billion square feet of 
gypsum wallboard in 1969. Increased im- 
ports of crude gypsum countered the 
slightly lower production of gypsum at do- 


mestic mines and provided a supply of 
crude exceeding that of 1968. Sales of un- 
calcined gypsum for use as a retarder in 
portland cement reached an alltime high. 
Production of calcined gypsum was the 
highest in 5 years. The unit values of 
crude and calcined gypsum increased sig- 
nificantly in consonance with rising labor 
and transportation costs. 


Table 1.—Salient gypsum statistics 
(Thousand short tons and thousand dollars) 


1965 
United States: 
Active mines and plants III.. 118 
Crude: 
LO GEN 10,033 
VC cs L em 337, 875 
Imports for consumption 5,911 
Calcined: 
Produced ---. 9,3 
Vd $133,028 
Products sold (value) $419,620 
Exports (value) $2,032 
npo for consumption (value)... $13,828 
World: duction. .,...............- 2,8 
r Revised. 


1966 1967 1968 1969 
121 118 * 115 118 
9,647 9,398 10,018 9,881 
$35,681 84,883 336,775 $38,315 
5,479 r 4,563 r 5,474 5,858 
8 , 434 7,879 8,844 9,824 
$119 , 747 $115 , 467 $138 , 239 148 , 466 
$376,871 $362,26 $404 , 739 $414,880 

$2,6 $2,918 8,556 $3, 

$17,281 $11,858 $18,058 $14,522 
53,676 50,879 58,443 55,194 


! Each mine, calcining plant, or combination mine and plant is counted as 1 establishment. 


? Excludes byproduct gypsum. 


DOMESTIC PRODUCTION 


Nearly 9.9 million tons of crude gypsum 
was produced in 21 States at 74 mines, of 
which 60 were open pit, 13 were under- 
ground, and one was a combination open 
pit and underground mine. The leading 
gypsum-producing States were Michigan. 
Texas, California, and Iowa. 

Domestic and imported gypsum was cal- 
cined at 77 plants in $0 States. The plants 
utilized 235 kettles and 77 other pieces of 
calcining equipment to produce over 9.3 
million tons of calcined gypsum. Compared 
with 1968, the volume of calcined gypsum 
produced increased 4 percent in the East- 
ern States, 6 percent in the Central States, 


2 percent in the Mountain States, and 13 
percent in the Pacific States. A record total 
of 10.3 billion square feet of gypsum board 
products with a value of $355.4 million 
was fabricated on 85 board machines. 
Georgia-Pacific Corp., the third largest 
manufacturer of gypsum products, added a 
new plant in Westchester County, N.Y., 
bringing the company’s gypsum production 
facilities to 10, with a total capacity to 
produce over 1.8 billion square feet of 
gypsum board per year. Georgia-Pacific en- 
tered the Pacific Northwest with acquisi- 


1 Mineral specialist, Bureau of Mines, San Fran- 
cisco, Calif. | 
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tion of a plant near Lovell, Wyo. Dierks 
Forest, Inc, Briar, Ark., doubled its gyp- 
sum wallboard production capacity. Re- 
public Gypsum Co. reported that its sub- 
sidiary, La Porte Minerals Corp. had 
outlined reserves of 20 million tons of re- 
coverable gypsum on a 4,000-acre lease in 
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La Porte County, Ind. Texas Gypsum Co. 
planned to construct a $5 million gypsum 
wallboard plant in West Memphis, Tenn., 
which would be larger than the company’s 
existing plant at Irving, Tex. The com- 
pany also had a large gypsum deposit in 
Owen County, Ind. 


Table 2.—Crude gypsum mined in the United States, by States 
(Thousand short tons and thousand dollars) 


State Active 

mines 
Arens aN 4 
Galflorn nn Su E eR CE 9 
Colorado. 8 6 
WO PN REEF SENDER RA 1 
JJ///;ö;ö;ͤ 1A E 5 
Michigan. 5 
Newa dds ñðoö: ꝛ˙ eo oe 8 
New Mexico 5 
New du EE 5 
Oklahoma. .........................- 8 
South Dakota 1 
^. t mI !:... 7 
Other States). LLL LLL lll 17 
TOtG) WEEN 76 


1968 1969 
Quantity Value Active Quantity Value 
mines 

4 83 $424 
1,360 $3,603 9 1,210 8,339 
E 5 9 839 
1,851 5, 838 5 1,169 5,274 

1,405 5,196 5 1,327 5,8 
552 „534 3 521 1,550 
146 9 5 141 526 
570 2,925 4 492 2,945 
981 2,565 7 956 8,878 
16 65 1 11 46 
1,089 8,616 8 1,314 4,898 
2,547 10,517 18 2,568 10,217 
10,018 86,775 74 9,881 88,315 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
! Includes the following States to avoid disclosing individual company confidential data: Louisiana, Montana, 


Virginia, and Washington, 1 mine each; Arkansas, 


Wyoming, 3 mines (1968), 4 mines (1969). 


Indiana, 


Kansas, Ohio, and Utah, 2 mines each; and 


Table 3.—Calcined gypsum produced in the United States, by States 
(Thousand short tons and thousand dollars) 


1968 1969 
State Calcining Calcining 

Active Quan- Value equipment Active Quan- Value equipment 

plants tity — plants tity — 

Kettles Other! Kettles Other! 

California 7 742 $10,675 17 9 7 874 $10,922 16 11 
Florida........ 8 433 W 9 2 8 W W 9 2 
Georgia 8 519 9,910 15 a 8 551 10,577 15 2A 
S ... ....- 5 848 18,100 22 4 5 828 887 22 4 
Michigan...... 4 869 6,396 10 1 4 878 6,840 10 1 
Nevada 8 808 8,251 11 7 8 825 8,506 12 6 
New Jersey 4 856 4,308 8 4 883 5,022 8 
New York..... 7 907 13, 803 26 8 8 921 13,891 25 6 
Ohio... 8 859 5,158 - 9 1 8 856 5,506 9 1 
Texas........- 7 826 12,081 28 8 7 961 15,102 28 8 
Other States 2. 30 3,182 54, 557 75 39 30 3,757 59,263 80 40 
Total... 76 8,844 188,289 281 72 77 9,824 148,466 235 77 


W Withheld to avoid disclosing individual company confidential data; included with Other States.” 


! Includes rotary and beehive kilns, 


inding-calcining units, Holo-Flites, and Hydrocal cylinders. 


? Comprises States and number of plants as follows: Arizona, Arkansas, Colorado, Connecticut, Delaware, 


Illinois, 


8 plants. 


oi assachusetts, Montana, New Hampshire, Pennsylvania, and Washin 
Louisiana, Maryland, New Mexico, Oklahoma, Utah, Virginia, and Wyoming, 


n, 1 plant each; Kansas, 
plants each; and Indiana, 


CONSUMPTION AND USES 


The domestic supply of newly mined 
crude gypsum totaled 15.7 million tons, 9.9 
million tons from domestic mines and 5.8 
million tons imported primarily from 
U.S.-company-affiliated mines in Canada, 


Mexico, and Jamaica. Nearly 4.7 million 
tons of the crude was sold uncalcined, of 
which 3.5 million tons was for use as port- 
land cement retarder, 1.1 million tons for 
agricultural use, and the remainder for 


GYPSUM 


filler and other uses. The decrease in sales 
of agricultural gypsum to 1.1 million tons 
from 1.4 million tons in 1968 was attrib- 
uted to lower use by California potato and 
cotton growers, among the principal con- 
sumers of agricultural gypsum in the 
United States. 

Consumption of calcined gypsum for 
prefabricated building products was about 
600,000 tons more than in 1968, with vir- 
tually all of the gain realized from the 
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manufacture of drywall components used 
in hotel, office building, and apartment 
construction. Total output of wallboard, 
alone, was a record 9.1 billion square feet. 
Sales of building plasters and lath de- 
clined. Output of industrial plasters gained 
appreciably, with pottery and filler uses ac- 
counting for much of the increase. De- 
mands for molding and plate glass plasters 
were lower than in 1968. 


Table 4.—Gypsum products (made from domestic, imported and byproduct gypsum) 
sold or used in the United States, by uses 


(Thousand short tons and thousand dollars) 


1968 1969 
Use 
Quantity Value Quantity Value 
Uncalcined: 
Portland-cement retarder......................... .-. 22. .l- 8,489 $16,087 8,464 $15,850 
Agricultural evpsum eee 1,388 6,222 1,100 5,838 
Other noos ⅛ðL ⁵ ⁵ Oa Raa 108 886 117 865 
C S23 c zapis uD ³˖¹ . ß 4,935 23, 145 4,681 22,048 
Calcined: 
Industrial: 
Plate glass and terra cotta plasters. |... ................. 80 464 21 850 
Pottery plastered 54 1,400 61 1,681 
Dental and orthopedic plasterg ...-..----------------- 15 624 15 661 
Industrial molding, art, and casting plasters. ............- 119 8,078 115 2,761 
Other industrial uses ) 83 8,348 104 8,966 
„ ß RUN DS 801 8,914 816 8,769 
Building: 
Plasters: 
BasecONU..-2..2 222120922200. 2 ERO EI aa 536 10,522 478 9,745 
Veneer plaster (basecoat and finishes)............... 46 2,915 51 2,767 
Mill-mixed basecoats (sanded and perlited). ......... 801 7,977 253 7,188 
To mixing plants. ...............................- W W W W 
Gaging and molding. ............................. 76 1,974 74 1,986 
Prepared finishes. ...............................- 8 694 8 632 
Note cect esas Soeeeeecu 819 5,432 290 5,284 
Keene's cement... e Ll +e ee 17 517 17 586 
%%%%%%[ͤ§éi ]ʃ“ù? ²˙]˙?᷑0o.! A wm au uD D 11 576 10 547 
vk “.. ayuy ESgsluD uD t E 1,814 30,007 1,176 28,685 
Prefabricated products 2.2... $8,776 842,678 59,369 855,428 
TOU WEE 372, 68800 884,068 
Grand total, valu:u | l2... 404,739 414, 880 


W Withheld to avoid disclosing individual company confidential data; included with Other.“ 
! Includes uncalcined gypsum for use in filler and rock dust, in brewer's fixe, in color manufacture, and for 


unspecified uses. 


? Includes dead-burned filler, granite polishing, and miscellaneous uses. 
3 Includes joint filler, patching, painter's, insulating, and unclassified building plasters; and quantity and 


value indicated by symbol W. 
* Excludes tile. 


5 Includes weight of paper, metal, or other materials. 
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Table 5.—Prefabricated products sold or used in the United States, by products 
1968 1969 
Product Thousand "Thousand Value Thousand Thousand Value 
square short (thousands) square short (thousands) 
eet tons 1 feet tons ! 
Lath 
rr 827, 223 607 $21,698 685,672 496 $17,886 
16 inch.................... 162,399 158 6,010 217,695 208 7,807 
Other, 9,288 433 13,728 17 606 
„ ze 998,905 776 28,141 917,095 721 26,299 
Wallboard: | 
err? ete 108 , 605 2,574 110,242 62 2,746 
a E 1,430,485 1,056 47,351 1,310,027 940 41,477 
i! rec eg 5,880,978 5,588 212,995 6,369,691 5,839 215,067 
54 inen , 679 1,005 41,997 1,244,750 1,451 57,833 
Ir E E 7,759 6 688 55,299 7 2,194 
Total uuu scu 55225 8,282,506 7,727 305,605 9,090,009 8,371 319,317 
Sheathing... .------------------ 221,569 222 6,754 228,917 227 7,495 
Laminated board 46,608 8 402 49,256 12 687 
Formboar d 41,131 1,771 87,106 88 1,630 
Grand total 5. 9, 550, 719 8,776 942,673 10,282,383 9,369 855,428 


! Includes weight of paper, metal, or other materials. 


2 Includes a small amount of 44-inch, 5£-inch, and 1-inch lath. 

3 Includes a small amount of inch, 34-inch, 15$-inch, and 334-inch wallboard. 

* Area of component board and not of finished products. 

s Excludes tile, for which figures are withheld to avoid disclosing individual company confidential data. 


PRICES 


Rising costs of labor, transportation, and 
raw materials were reflected in the price 
increases for gypsum products in 20 U.S. 
cities published monthly in Engineering 
News-Record. Neat plaster averaged $34.51 
per ton in January and rose to $37.83 by 
December; gaging plaster averaged $40.47 
per ton in January and $42.92 by yearend. 
During the same period the quotations for 
8%-inch gypsum board, increased from an 


average of $53.98 to $54.93 per thousand 
square feet; for 14-inch board, from $62.09 
to $63.49; and for 34-inch gypsum lath 
from $44.71 to $46.05. The marketing of 
these and other gypsum products was 
highly competitive, and during the latter 
part of 1969 they reportedly were being 
sold at substantial discounts from posted 
prices in most cities. 


FOREIGN TRADE 


Exports of gypsum and gypsum products 
were valued at $3.4 million and consisted 
of 40,000 tons of crude, crushed, or cal- 
cined material valued at $2 million and 
manufactured gypsum products valued at 
$1.4 million. 


Table 6.—U.S. exports of gypsum and 


um products 
(Thousand short tons and thousand dollars) 
Crude, crus hed, Other 
or calcined manu- Total 
Year factures value 
Quan- Value n.e.c., 
tity value 
1967 39 31,707 31,211 82,918 
1968. 39 1,688 1,868 9,556 
1969. 40 2,008 1,443 9,446 


Imports of crude gypsum from foreign 
U.S.-company-affiliated mines increased 
from 5.5 million tons in 1968 to 5.8 mil- 
lion tons. Receipts of crude gypsum from 
Canada through east coast and Pacific 
Northwest customs districts comprised 81 
percent of the total imports; from Mexico 
through the California, Washington, and 
Texas districts, 13 percent; from Jamaica 
through the Florida, Louisiana, and Texas 
districts, 5 percent; and from the Domini- 
can Republic, Australia, and Italy through 
the Puerto Rico, Florida, and New York 
districts, respectively, 1 percent. 
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Table 7.—U.S. imports for consumption of gypsum and gypsum products 
(Thousand short tons and thousand dollars) 
Crude (including Ground or Alabaster Other 
anhydrite) calcined manufac-  manufac- Total 
Year tures,! tures value 
: value n. e. c., 
Quantity Value Quantity Value value 
13 VW 4, 563 $9,723 2 $86 $855 $689 $11,358 
1968... eee ees 5,474 11,384 2 89 932 658 18,058 
19889 ecco 5,858 12,394 2 87 1,242 799 14,522 
! Includes imports of jet manufactures, which are believed to be negligible. 
Table 8.—U.S. imports for consumption 
of crude gypsum (including anhydrite), 
by countries 
(Thousand short tons and thousand dollars) 
1968 1969 
Country 3 
Quan- Value Quan- Value 
tity tity 
Canada 4,254 $8,976 4,722 $10,277 
Dominican | 
Republie - 90 290 43 136 
Italy... n (2) 4 (!) 2 
Jamaica.........- 226 734 304 830 
Mexico 904 1,380 789 1,144 
Other countries.. cs (1) 5 
Total 5,474 11,884 5,858 12,394 
1 Less than 14 unit. 
WORLD REVIEW 
Australia.—Australia lacks native sulfur sum  wallboard plant at St. Jerome, 


deposits, but has extensive gypsum depos- 
its. Delhi Australian Petroleum, Ltd., was 
considering the possibility of extracting el- 
emental sulfur from gypsum occurring in 
the Lake Torrens area of South Australia.? 

Canada.—About 70 percent of Canada's 
total output of gypsum was mined in 
Nova Scotia, and almost all of this was 
shipped to the United States. Gypsum also 
was mined in Newfoundland, New Bruns- 
wick, Ontario, Manitoba, and British Col- 
umbia for use at 14 wallboard and plaster 
plants and one plaster plant established 
across Canada. A gypsum deposit averaging 
30 feet in thickness was found to underlie 
the Clearwater River Valley for a strike 
distance of 18 miles at depths from near- 
surface to 300 feet.3 Strong Wall Gypsum 
Industries, Ltd., planned completion of a 
plant with a capacity of 50 million square 
feet of gypsum wallboard a year at Redwa- 
ter, Alberta, in early 1970. Canadian Gyp- 
sum Co., Ltd.. planned to construct a gyp- 
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Quebec, scheduled for completion by 1971. 

Mexico.—Companía Industrial Kaiser 
S. A., an affiliate of Kaiser Gypsum Co., 
began to produce gypsum wallboard in 
April 1969 at its new plant in the City of 
Puebla. Gypsum was brought by rail to 
the plant from a mine at Matamoros de 
Azucar, about 40 miles away.* 

South Africa, Republic of.— The possi- 
bility of recovering sulfur from gypsum 
obtained as a byproduct of phosphoric 
acid manufacture was being investigated 
by the firm of Bosveld Kunsmis of South 
Africa.5 


(London). Gypsum as 
Sulphur Source. No. 22, July 1969, p. 23. 

3 Hamilton, W. N. Subsurface Gypsum Deposits 
Near Fort McMurray, Alberta. Canadian Min., 
and Met. Bull., v. 62, No. 691, November 1969, 
pp. 1193-1202. 

4 Pit and Quarry. Mexico's Ist Gypsum Board 
Plant Serves Area East of Mexico City. v. 62, No. 
4, October 1969, pp. 108-111. 

5 Chemical Age. South African Studies on Sul- 
phur Recovery From Gypsum Show Promise. V. 
99, No. 2608, July 11, 1969, p. 9. 
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Table 9.—World production of gypsum, by countries 


(Short tons) 
Country ! 1967 1968 1969 » 
North America: 
Canada EEN 5,175,380 5,926,935 6,871,965 
United States. uu susu s y you 9,892,784 10,017,793 9,881,107 
Central America: 
Dominican Republic.................................. 130,855 e 110,231 e 110,231 
FG ME 12,566 8,488 e 8,818 
optrag geet eelere gege 15,347 7,188 8,448 
Jamaica. uuu. uuu ese oe sss eases s sassa 184, 086 230, 000 e 220,462 
lio. M ß ß A a SEE 1,076,297 1,361,620 1,843,818 
Ni ]ſnſꝗſdꝗſꝗ ͥ ⁵ Ad a aa E 11,023 15 , 482 33 ,069 
Trinidad and Tobago................................. 4,020 4,760 e 4,409 
South America: 
e ß E EZ. 291,730 408,991 NA 
EE asses ole ee oe de 8 78, ,760 238,979 NA 
Chile; oc uino ue suamiku eee E D da M DE r 146,108 113,607 NA 
e ß ee re 128, 970 133,380 166,449 
Paraguay 2.2520 tio x 8 1, ,984 2,535 8,858 
lg T ——————— RUN 71,650 NA NA 
VG TEE 100, ,910 109,129 90,389 
Europe: 
/ L Z E RE ax MEM A E ME QE ced 818,555 r 769, 648 771, 617 
Bl ³o WOW. y EE coe r 169,756 r 211,644 e 220,462 
C2echoslovakià.-....-.-2. c éiere geeiert Se eg 408,957 448,640 e 457 ,459 
Fronto E r 5,811,685 e 5,621,781 e 6,621,781 
Germany: 
Mast EE r 252,429 249,122 e 249,122 
West (marketable ) r 1, 409, „163 1,629,077 e1, 653, 465 
IIT. MENO NRI ED '281 485 242, 508 259, 043 
ll ⁰ Addi 8 r 277, 782 288, 805 e 286,601 
CH Le MM 0ũ:m ð -. ß 8 8,637,623 3,637, 623 3,637, ,628 
Fe,. 8 12, 125 e 11,023 e 11,023 
Poland EE r 882,244 r 870,825 e 892,871 
Pl A 8 114,896 117,171 e 115,743 
SSS uu Seu RR as So e it r 9,968,316 4,299,009 e 4,409,240 
uS ise eee ee ee. cr cC d ĩͤ EE 5,170,936 5, 177, 550 e 5, 180, 857 
United Kingdom avꝛmP P Pꝓæ w „„ 5 „062, 910 5,278,963 e 5,291,088 
Nuts PN 188,412 r 216,747 e 220,462 
Africa: 
WthiOpi8 EE 6,727 896 5,722 
H TES 44,584 45,298 e 46,297 
Libya LEES" ( 88 e 11,023 15,878 e 16,535 
Morocco t ¿zc cu t does EE 99.208- . ina Gex-- 
p pd Ee 2,157 
South Africa, Republic oůuùhlhkk 839,062 348, 385 396,192 
Sach,; ³⅛ r 4,114 11,272 
Tansanid-.-. p ee ceed Vu qoM E r 17,063 4,917 12,161 
United Arab Republic. ..............................- 601 448 
Asia: 
U rↄ ˙ VrAAAAA beers ama dx 88 e 2,205 8,968 8,857 
China (Mainland) €... )), We secroP es eese 551,156 551,155 606,271 
PCC! xc ai e ac LE yd EAD D EE 50, 876 22,399 17,958 
Ill ³ AA r 1, 133, 175 1,456,152 1, 587, 326 
Iran e uu ee ewe cur seca r 1,204,825 1,082,468 2,204,620 
OIL Pc ——— E ,208 77,1 „185 
ATOT e :. ĩ . ura EE E. 644, 004 619, 690 617,251 
hh ³ 8 „069 44, 092 44,092 
Me k ERE dM E SE 27,558 27, 558 27, 558 
Pakistan; < 6226 T—:———. sS e S 112, 832 50, 706 149,914 
Philippines 44444444 „4„ñhÿ r 22, 858 22, 764 40, 800 
Saudi Afa 0õ· ²Üꝛ⁸6dͥ er 30,591 44,425 e 38,581 
Syrian Arab Republic ¢_......--..--------------------- 16,535 16,5835 16,535 
NR AN occ , e) ee 18,141 6,214 5,647 
fr ⁵ ͤͤ y EEE aG 68,008 141,199 101,449 
III ⁰¹ðuwW EE 242, 508 242, 509 242, 508 
Oceania: Australia... 2 LLL «4444 r 914,088 845, 845 903, , 894 
Total E r 50,878,857 r 53,442,786 55,194,823 
e Estimate. P Preliminary. r Revised. NA Not available. 


Gypsum is also produced in Rumania, Switzerland, and Cuba, but production data are not available. 
Production in Bolivia and Ecuador is negligible. 
3 Includes anhydrite. 
3 Crude production estimates based on calcined figures. 
* Year ended March 20 of year following that stated. 
š Year ended March 31 of year following that stated. 
6 Total is of listed figures only. 
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TECHNOLOGY 


Interest in the United States in recover- 
ing sulfur values from crude and byprod- 
uct gypsum and anhydrite remained high. 
Results of studies conducted at two Bureau 
of Mines research laboratories were being 
assembled for publication. The Salt Lake 
City (Utah) Metallurgy Research Center 
was investigating alternative processes for 
sulfur recovery from gypsum. A reducing 
roast was used to convert gypsum to cal- 
cium sulfide, and the calcium sulfide was 
converted to hydrogen sulfide by reacting 
it with carbon dioxide in a water slurry. 
The hydrogen sulfide was then converted 
to elemental sulfur. The College Park 
(Md.) Metallurgy Research Center devel- 
oped techniques and defined parameters 
for microbial conversion of hydrous cal- 
cium sulfate to hydrogen sulfide, employ- 
ing two strains of sulfate-reducing bacteria. 

Numerous publications continued to 
carry articles describing the processes for 
recovery of sulfur from gypsum materials 
and of simultaneous production of port- 
land cement.6 


The interest in obtaining sulfur and 
portland cement from gypsum prompted 
publication of abstracts of basic patents 
dating back to 1886.7 

Full-scale plant operations for recovery 
of sulfur from gypsum ore were initiated 
by two companies. Agricultural Chemical 
Div., Reserve Oil and Gas Co., added a 
unit to its ammonia fertilizer facility at 
Hanford, Calif., to react gypsum with am- 
monia and carbon dioxide to produce am- 
monium sulfate and a calcium carbonate 
residue. Elcor Chemical Corp. began test 
runs in a plant at its gypsum deposit 42 
miles northeast of Van Horn, Tex., to re- 
cover elemental sulfur from gypsum at a 
reported rate of 1,000 tons per day. 

The gypsum building products industry 
concentrated its research efforts on devel- 
oping new fire-resistant and sound-control 
assemblies and on updating design data.8 
A fire-block gypsum board was designed 
for use between the roofing and the rafters 
in frame construction to eliminate fire 
penetration problems.? Systems were re- 
fined for better control of sound transmis- 
sion between partition walls in apartment 
houses, motels, hotels, and  high-rise 
buildings.10 

In the production of plaster-faced gyp- 
sum board, one side of the board was cov- 


ered with a mixture of unset gypsum plas- 
ter, bentonite, and an aggregate. When the 
board was positioned on the wall, the 
plaster face was wetted, troweled, and al- 
lowed to set.11 Colemanite or other boron 
oxide material was incorporated in core 
mix to improve neutron shielding proper- 
ties in gypsum board.12 Calcined gypsum, 
unexpanded vermiculite, boric acid, and 
chopped glass fibers were combined as a 
core composition for fire-resistant gypsum 
board.13 

In the production of lightweight gypsum 
block and panels which required no 
drying, a slurry of the plaster was treated 
with sulfuric acid and calcium carbonate 
to generate gas in situ and foam the 
slurry.14 Glass fibers were dispersed 
through the edge portions of gypsum 
board for rigidity.15 Prussian blue was in- 
cluded in the gypsum core composition to 
prevent sagging of gypsum board upon ex- 
posure to moisture.16 


6 Briber, Frank E., Jr. Industrial Minerals Pro- 
cessing—A Look at the Future. Min. Eng., v. 21, 
No. 6, June 1969, pp. 76-78. 
Canadian Mining and Metallurgical Bulletin. Re- 
covery of Sulphur Values From Gypsum and 
aree: V. 62, No. 689, September 1969, pp. 
67-971. 

Chemical Engineering. Turning Byproduct Gyp- 
sum into a Valuable Asset. V. 76, No. 6, Mar. 
24, 1969, pp. 106-108. 

Engineering and Mining Journal. Sulphuric Acid 
and Cement from By- Product Gypsum Process 
Catching On. V. 170, No. 1, January 1969, p. 88. 
Pit and Quarry. Sulfuric Acid and Portland Ce- 
ment From Anhydrite. V. 61, No. 10, April 
1969, pp. 130—138, 140. 

7 North, Oliver S. Processes for Making Port- 
land Cement From Gypsum. . .a Review of the 
Patents. Min. Proc., March 1969, pp. 12-14, 28-29. 

8 Gypsum Association (Chicago). Design Data. 
September 1969, pp: 1—77. 

9 Gypsum Drywall Industry Newsmagazine. Gyp- 
sum Fire Block. V. 12, No. 4, August—September 
1969, pp. 6-7. 

10 Southern Building. Better Sound Control. 
Publication of Southern Bldg. Code Cong. April 
1969, pp. I-11. 

11 Murray, M. G. Plasterboard With a Remois- 
Foie 3 Facing. U.S. Pat. 3,422,587, Jan. 

12 Darling, A. H., and H. L. Weightman (as- 
signed to Kaiser Gypsum Co., Oakland, Calif.). 
Process for Making Structural Gypsum Board for 
teas Shielding. U.S. Pat. 3,453,160, July 1, 


9. 

13 Wiley, G. S. (assigned to U.S. Gypsum Co., 
Chicago, III.). Fire Resistant Plaster Product. U.S. 
Pat. 3,454,456, July 8, 1969. 

M Foster, E. G., and M. S. Bloom (assigned to 
Imperial Chemical Industries, Ltd., London). 
Process for the Production of Foamed Gypsum 
Castings. U.S. Pat. 8,454,688, July 8, 1969. 

15 Littin, R. J. (assigned to Owens-Corning 
Fiberglas Corp.). Gypsum Wallboard. U.S. Pat. 
3,462,341, Aug. 19, 1969. 

16 Janninck, D. R. (assigned to U.S. Gypsum 
Co., Chicago, III.). Sag-Resistant Gypsum Board 
n ino o Therefor. U.S. Pat. 3,486,965, Dec. 
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Heltum 


By Edwin M. Thomasson 1 


Sales of grade A helium in the United 
States in 1969 were 759.5 million cubic 
feet, a decline of about 106.6 million cubic 
feet from 1968 sales. Of the total, 360.7 
million cubic feet was sold by the Bureau 
of Mines compared with 478.4 million 
cubic feet in 1968. Private plants had a 
total sales volume of 398.8 million cubic 
feet in 1969, compared with 388.7 million 
cubic feet in 1968. Helium purchases by 
the Bureau of Mines under the conserva- 


tion program were 3,645.3 million cubic 
feet in 1969. 

The price of helium, f.o.b. Bureau of 
Mines’ plants, remained at $35 per thou- 
sand cubic feet, a price established in 
1961. Helium was sold by private produ- 
cers at various rates somewhat lower than 


the Bureau of Mines’ price. 


1 Staff engineer, Division of Helium. 


PRODUCTION 


On January 1, 1969, there were 16 
helium extraction plants operating in the 
United States. By December 31, 1969, only 
12 of these plants remained in operation. 
Table 1 shows the plants operating at the 
beginning of the year and their status at 
yearend. These plants may be classified in 
three categories: (1) Plants owned by the 
Federal Government and operated by the 


Bureau of Mines; (2) “conservation” 
plants, privately owned and operated, pro- 
ducing only crude helium (50- to 85-per- 
cent purity), almost all of which is pur- 
chased by the Bureau of Mines under the 
national helium conservation program; and 
(3) privately owned and operated plants 
producing helium for independent sale to 
commercial (non-Federal) customers. 


Table 1.—Ownership and location of helium extraction plants in the United States 


Owner or operator Type of Status 
and category 1 Location production Dec. 31, 1969 
Bureau 9 Mines (1). ............- Amarillo, Tex............ Grade A helium...... Operating. 
7T1TT . A Exell, Ten 1o FF Do. 
Do: // EAE Keyes, BEBlss.. doo eec Do. 
Cities Se ce Helex, Inc. (2) ` ` ` Ulysses, Kans...........- Grade! helium only Do. 
National Helium Corp. (a)) Liberal, Kanns do Do. 
Northern Helex Co. (2) Bushton, Kann .----------- do F Do. 
Philli hs Petroleum Co. (2)......... Dumas, Tenn a FF Do. 
rA m C Hansford Co., Te do Do. 
Kerr-Mc e Corp. (3) Navaj o, C Grade A helium 2 Do. 
Arizona Helium Corp. (3) doo 6) Not operating. 
Air Reduction Corp. (322 Teec Nos Pos, Ariz. .....- Crude helium. ....... Abandoned. 
Alamo Chemical Co. (3)........... Elkhart, Kans............ im A helium 2 Operating. 
Kansas Refined Helium, Co. (3)... Otis, Kan do Do. 
Cities Service Cryogenics, Inc. (3). "Scott City, Kans......... Crude | helium . Do. 
Air Reduction Corp. (8) *.......... Shiprock, N. Me Grade A helium Abandoned. 
Linde Co. (3).................... Amarillo, C Grade A helium 2... Not operated during 


1 See text for description of plant category. 
3 Plant equipped to produce liquid helium. 
3 Crude helium is shi 
* Former Bureau of 

. § Purification and liquefaction facilities only. P 


year. 


ped a by pipeline to Cities Service Helex plant for purification. 
es plant, now owned By Navajo Tribe of Indians and operated under lease. 
nt cannot extract helium from natural gas. 
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Table 2.—Helium production in the 


United States 
(Million cubic feet) 

Year Quantity 
19fff᷑7m!jͤͤͥ A RESE 4,606.1 
1f!ͤ ORUM Cu ET 4,712.8 
LTE 4,854.8 
1h!!! 8 4,752.4 


Total production of helium (of all 
grades) from all plants during 1969 was 
4,752.4 million cubic feet. This is a 
decrease of 2.2 percent from the 1968 pro- 
duction of 4,854.8 million cubic feet. 

Bureau of Mines Plants.—The three 
Bureau of Mines plants, at Amarillo and 
Exell, Tex. and Keyes, Okla., operated 


Table 3.—Production of grade A helium 
by Bureau of Mines plants 


(Million cubic feet) 
Quantity 
Plant location 

1968 1969 

Amarillo, Tenn 62.0 57.1 
Exell, Tex..................- 270.2 256.4 
Keyes, Okl aaa. 308. 6 353.4 
Shiprock, N. Mex. 114. 36. | ..... 
eo 222-229 677.7 666.9 


1 Ownership of 


lant transferred to Navajo Tribe 
of Indians, July, 1968. 
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normally throughout the year. Production 
from the three plants was 666.9 million 


cubic feet of grade A (purity 99.995 per- 


cent) helium or about 1.6 percent less 
than the 677.7 million cubic feet produced 
by Bureau plants in 1968. Helium pro- 
duced by the Bureau of Mines and not 
sold was stored in the Cliffside gasfield 
near Amarillo, Texas. The Bureau of 
Mines plants at Exell, Tex. and Keyes, 
Okla., processed essentially all helium-bear- 
ing natural gas tendered by the natural-gas 
pipeline company serving the plants. 

Extensive modernization of the Exell 
plant and the installation of additional 
processing facilities was commenced during 
the year. Completion of this work is 
expected about mid-1970. 


Conservation Plants.—Five privately 
owned and operated helium extraction 
plants produced helium for sale to the 
Bureau of Mines under long-term contract 
for the Government's helium conservation 
program. These plants produced only 
crude helium, principally for storage at 
Cliffside Field, but two of the plants sold 
small quantities of crude helium produced 
in excess of conservation contract require- 
ments to private helium plants for purifi- 
cation. Some of this excess helium was 


Table 4.—Helium purchased by the Bureau of Mines for conservation 


(Million cubic feet) 
Helium delivered. 
Company and location of plant ee 
1965 1966 1967 1968 1969 
Northern Helex Co., Bushton, Kans.............- 585.1 565.5 654.9 618.1 662.4 
Cities Service Helex Inc. ., Ulysses, Kans..........- 638.6 717.4 740.6 711.4 718.3 
National Helium Corp., Liberal, Kanns 1,310.2 1,303.7 1,245.6 1,211.6 1,247.4 
Phillips Petroleum Co., Dumas, Pex... 513 589.8 551.2 569 429.8 
Phillips Petroleum Co., Hansford Co., Tenn 502.1 490.7 426.4 468.8 587.9 
ß h.... ³ðx 8 3,549.6 3,617.1 3,618.7 3,639.8 3,645.3 


Table 3.— Helium in conservation 


storage 
(Million cubic feet) 
Quantity 
Year in stora 
on Dec. 31 
Ü ww ⁵ ĩð;A 9 € cx bd 9,07 
KI 112,720.2 
J)) u en 25 116,527.0 
TO GS EE ER 120,828.5 
1969 clas cee y eee 1 24, 224.0 


1Includes helium stored for private companies 
under storage contracts and not owned by Bureau 
of Mines: 966, 50.2 million cubic feet (MMcf); 
Ee MMct; 1968, 69.8 MMef; 1969, 21.0 


stored at Cliffside Field under contract 
with the private producers. During 1969, 
the five conservation plants produced a 
total of 3,837.0 million cubic feet of 
helium, The Bureau of Mines purchased 
3,645.3 million cubic feet of this total, 
compared with 3,639.8 million cubic feet 
purchased in 1968. 

Private Plants.—As seen in table 1, sev- 
eral private plants were either abandoned 
or not operated during 1969, and only 
four plants were in operation at yearend. 
All of the private plants operate independ- 
ently of the Federal helium program, and 


HELIUM 


sales are made for the most part directly, 

or through industrial gas distributors, to 

commercial (non-Federal) customers. 
Production from all private helium 
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plants in 1969, was 398.8 million cubic feet 
of grade A helium. This compared with 
the 388.7 million cubic feet produced by 
these plants during 1968. 


CONSUMPTION 


Bureau of Mines sales of grade A 
helium continued to decline during the 
year. Bureau sales were 360.7 million cubic 
feet in 1969, compared with 478.4 million 
cubic feet in 1968. Total sales of grade A 
helium from both Bureau and private 
sources also decreased, falling from a total 
of 867.1 million cubic feet in 1968 to 759.8 
million cubic feet in 1969. Of the total 
Bureau of Mines sales of grade A helium, 
284.0 million cubic feet was delivered to 
Federal agencies and 76.7 million cubic 
feet to commercial customers, However, 


much of the helium delivered to commer- 
cial firms was redistributed to Federal 
agencies, and thus is not indicative of actual 
helium use by non-Federal customers. 

All Bureau of Mines shipments of grade 
A helium were made in gaseous form in 
cylinders, highway semitrailers, or railway 
tank cars. Private plants ship helium in 
both the gaseous and liquid states. 

Helium redistribution continued satisfac- 
torily under contracts with the General 
Services Administration. The private com- 
panies purchase helium from the Bureau of 


Table 6.—Shipments of grade A helium from Bureau of Mines plants 
to various customers 


(Million cubic feet) 
1968 1969 
Recipient —ä 
Quantity Percent i Quantity Percent! 

Federal agencies: 
Department of Defense 279.9 58. 5 191.6 58.1 
Atomic Energy Commission 28.5 6.0 28.8 6.5 
National Aeronautics and Space Administration 86.6 18.1 63.8 17.7 
Weather Bureau (ESSA). ......................... 4.5 .9 4.5 1.2 
OF MEE CIN IURE Ee 9 2 8 .2 
ae va usewbRescaeecenaE do Le 400.4 83.7 284.0 T8.7 
Non-Federal customers 3... Lll clc c ll... 78.0 16.3 76.1 21.8 
Grand e ß eanan saan neS 478.4 100. 0 860.7 100.0 


1 Percentage of all shipments. 


3 A large part of this helium is redistributed by the Bureau's non-Federal customers to Federal agencies 
and their contractors; hence, the data herein are not indicative of actual helium use by non-Federal customers. 


Mines in bulk, repackage it in smaller con- 
tainers, and distribute it to the helium us- 
ing Federal agencies. These contracts make 
relatively small quantities of helium 
readily available to the agencies and 
reduce freight charges for small purchases. 

The largest user of helium in 1969 was 
again the Nation's space and missile pro- 
gram. Private industry and research orga- 
nizations continue to use large quantities 
of helium each year. 


Table 7.—Grade A helium used in the 
United States 


(Million cubic feet) 
Year Quantity ! 
1965222. Z de cus ecrAbq dE Rea 751 
ELE 948 
19rrſ ¿s y 907 
177%7%%/% ĩ⁰¾ - mtr 886 867 
11Jö˙o§ͤĩ ˙mm⅛u . x- 760 


1 Includes helium produced and sold by privately 
owned helium extraction plants. 


RESOURCES 


In 1969, the survey to locate the helium 
resources of the United States was contin- 
ued. A total of 443 natural gas samples 
from fields and wells in 23 States and 


eight foreign countries were collected and 
analyzed for helium. 

Judging from the information now avail- 
able, no significant discoveries of helium 
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were made in 1969; however, the future 
development of some new fields could 
increase estimates of reserves. 

As of December 31, 1969, helium reserves 
of the United States were estimated to be 
157 billion cubic feet, exclusive of the 24 
billion cubic feet of helium in storage at 
Cliffside Field, Potter County, Tex., near 
Amarillo. Five major helium-bearing gas- 
fields located in the Texas Panhandle, 
Oklahoma Panhandle, and southwestern 
Kansas contain over 80 percent of the 
helium reserves of the United States. 
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These fields are (1) the Hugoton field in 
Kansas, Oklahoma, and Texas; (2) the 
Panhandle field of Texas; (3) the Keyes 
field in Oklahoma; (4) the Greenwood 
field in Kansas and Colorado; and (5) the 
Cliffside field in Texas. All of these fields 
are withn 200 miles of Amarillo, Texas. 
The remaining helium reserves are con- 
tained in 83 gasfields located in Airzona, 
Colorado, Kansas, Montana, New Mexico, 
Oklahoma, Texas, Utah, West Virginia, 
and Wyoming. 


FOREIGN TRADE 


Export licenses for helium are issued by 
the Office of Munitions Control, U.S. 
Department of State. Exports of helium in 
1969 are estimated to be about 50 million 


WORLD 


The only helium extraction plant in 
operation in the free world besides those 
in the United States is located near Swift 
Current in Saskatchewan Province, Canada. 
The plant began production in December 
1968. It processes nonflammable helium- 
bearing gas from a small reserve. In 1967 
the annual plant capacity was increased 


cubic feet. Most exported helium was used 
in fundamental and applied research, in 
chromatography, and in various atomic 
energy applications. 


REVIEW 


from 12 million cubic feet of helium to 36 
million cubic feet. While exact production 
data are unknown, it is believed that the 
plant operates at near capacity. Most of the 
helium produced is said to be exported to 
Japan and other Asian countries, although 
some is used domestically. 


Iron Ore 


By F. E. Brantley 1 


Continued growth in 1969 of world steel 
production resulted in a corresponding 
increase in iron ore mined to meet the 
market demand. The major activity was in 
Australia, where the results of multimil- 
lion dollar investments in iron ore proj- 
ects, based largely on long-term Japanese 
contracts, were beginning to become appar- 
ent in the form of exports. 

Iron ore was stil] plentiful in interna- 
tional markets, and intense competition 
remained, preventing iron ore prices from 
following the upward trend of steel prices 
during the year. This was compounded as 
larger combination carriers further effec- 
tively widened the ocean distances over 
which iron ore could be transported eco- 
nomically. 

Opposing forces, including continued 
closing of the less profitable ore operations 
and increased labor costs in most produc- 
ing countries, signaled a decline in the 


buyer's bargaining advantage. This was 
beginning to be obvious by year end in 
negotiations announced for both annual 
and longer term contracts. It was thought 
that the next few years would see a level- 
ing and upward price trend. 

Japanese steelmakers continued to add to 
their long term contracts for iron ore, 
which will average over 80 million tons 
annually through 1975, and to negotiate in 
most of the producing free-world countries 
for additional supplies. 

Investments made by U.S. firms during 
1969 to increase domestic ore production 
were limited largely to expansion of exist- 
ing mines and pelletizing facilities. A 
number of foreign ore developments in 
Africa, South America, and Australia were 
being studied by U.S. iron and steel inter- 
ests from a standpoint of future large-scale 
investments. 


1 Physical scientist, Division of Ferrous Metais. 


Table 1. Salient iron ore statistics 
(Thousand long tons and thousand dollars) 


1965 1966 1967 1968 1969 
United States: 
Hon aye (usable; ! less than 5 percent 
Production 3. ).. 87,489 90,147 84,179 85,865 88,260 
Shipments 39233. 84,078 90,041 82,415 81,934 89,854 
Value .. $801,350 $854,134 $817, 511 $836,438 $929, 298 
Average value at mines per 
CCC $9.53 $9.49 $9.92 $10.21 $10.34 
Exports. ...-.--------------- 7,085 7,779 5,906 5,884 5,160 
WII... — $80,418 $92,157 $71,585 $70,885 $62,810 
Imports for consumption. ..... 45,108 46,259 44,61 49,9 40,758 
Value .....------------- $448 , 788 3462, 354 $448 ,918 $458 , 758 $402 , 529 
Consumption 181,888 184,047 127 ,424 181,753 140 , 285 
Stocks Dec. 31 
At mines 49)3ꝑ 12, 667 12,160 12,959 r 16,041 13,790 
At consuming plants 53,799 54,658 55,121 53,232 51,003 
At U.S. docks... .........- 2,494 2,707 2,987 2,797 2,648 
Manganiferous iron ore (5 to 35 per- 
cent Mn): 
Shipments. .................- 883 246 289 245 885 
World: Production ------------- 611,187 625,799 612,820 674,440 712,406 
r Revised. 
1 * shipping ore, washed ore, concentrates, agglomerates, and byproduct pyrites einder and agglom- 
era 
? Includes byproduct ore. 
3 Excludes byproduct ore. 
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Figure 1. United States iron ore production and imports for consumption. 


EMPLOYMENT 


There was a 4 percent decrease in total 
man hours worked at mines and benefi- 
ciating plants of the Lake Superior district 
for 1969, and a slight drop (1 percent) for 
the rest of the country. Crude ore produc- 
tion increased during the year by 5 and 6 
percent, respectively for the two areas; the 
major increase from increased taconite 
output in Minnesota. While the practice of 
mining companies to maintain a stable 
labor force by keeping men employed all 
year, even if not producing iron ore con- 
tinued to prevent a true measure of pro- 
ductivity, and affected averages to some 


extent, the trend toward reduction of 
high-cost smaller mines, more efficient 
operation of the larger open pit mines and 
beneficiating plants, and improved technol- 
ogy has contributed to a continued overall 
higher average hourly output. Production 
of domestic usable iron ore per man hour 
for example, has increased by 7 percent in 
the past 5 years to 2.04 tons in 1969. 

Revised data for 1968 showed a total of 
44,459,000 man hours worked during 
5,544,000 man shifts, and the indicated 
average number of men employed to be 
18,469. 


DOMESTIC PRODUCTION 


Crude ore production from domestic 
mines increased in 1969 by 5.7 percent 
over that of 1968, although the number of 
producing mines declined from 111 to 92, 
or 17 percent, Most of the change occurred 
in Minnesota where ore output increased 
by 8.1 million tons while the number of 


operating mines was reduced by 13, owing 
to the consolidation of taconite operations 
and the closing of smaller mines. Under- 
ground crude production in the United 
States increased by 580,000 tons over the 
1968 output, owing to increased production 
from large mine operations. 


IRON ORE 


Production of domestic usable ore 
increased 2.8 percent over that of 1968. 
Hematite ore represented 40 percent of all 
usable ore produced in 1968 and 45 per- 
cent in 1969. Magnetite ore in 1968 and 
1969 was 57 percent and 53 percent, 
respectively. Limonite, or brown ore, and 
byproduct ore represented the remainder 
each year. The Lake Superior district pro- 
duced 78 percent of the total domestic ore; 
for the first time since 1966, the district 
included Wisconsin, as the Black River 
Falls pellet plant of Inland Steel Co.'s sub- 
sidiary, Jackson County Iron Co., began 
operation and made its first shipment in 
December. Capacity of the plant was 
reported as 750,000 tons per year; the 
output will help meet the steelmaking 
demands of Inland's Indiana Harbor 
Works near Chicago. 

In Minnesota, the National Steel Plant 
at Keewatin, owned by National Steel 
Corp. and the Hanna Mining Co., 
resumed operations in March after an 8- 
month period of plant alterations involv- 
ing the furnace section. At the end of the 
year the plant was producing at a rate of 
2.8 million tons per year, 20 percent over 
the original projected capacity. The Eve- 
leth Taconite Co.’s pellet plant produced 
about 16 percent over design capacity in 
1969, and modifications were under consid- 
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eration to increase production by about 10 
percent. Published shipments for 1969 
totaled 1.98 million tons. Announcement 
was made late in 1969, by the United 
States Steel Corp. that its Minntac pellet 
plant at Mountain Iron would be 
expanded from 6 million tons to 12 mil- 
lion tons annual capacity, with the con- 
struction to be completed in 1972. The 
Pilot Knob Pellet plant near Ironton, Mo., 
operated by Hanna Mining, was reported 
as having solved start-up problems and in 
December was operating at the rated 
capacity of 1 million tons per year. 

Mines closed during the year included 
the Schley group at Gilbert, Minn., owing 
to exhaustion of ore reserves, and the 
Homer and Wauseca underground mines 
at Iron River, Mich., where the ore was 
reported as no longer being competitive. 
Also closed was the Bristol mine at Crystal 
Falls, Mich., because of lack of demand for 
this ore. 

Development of an iron mining complex 
on the Snettisham Penisula in Alaska was 
planned by the Marcona Corp. at a project 
cost of $130 million. The ore body, pre- 
viously drilled by the Bureau of Mines on 
a preliminary basis, was to be fully 
explored by Marcona as the first phase of 
operations. 


CONSUMPTION AND USES 


The method of reporting iron ore con- 
sumption adopted in 1963 was continued 
in 1969. Concentrate used for agglomerate 
produced at mine sites was not reported as 
reported when the agglomerate produced 
iron ore consumption. Its consumption was 
was shipped to the furnace site and used. 
However, concentrate and fines used for 
agglomerate production (mainly sinter) at 
blast furnaces and steel mills was reported 
as iron ore consumed. This method of 
reporting gives a valid balance between 
reported consumption and iron ore supply 
(production plus imports less exports 
including adjustments for losses due to 
processing and transporting) . 

Iron ore consumed in making agglomer- 
ate at steel mills includes foreign and 


domestic direct-shipping ores, fines gener- 
ated in shipping, and foreign and domestic 
iron ore concentrate. Other materials such 
as limestone, flue dust, mill scale, and coke 
breeze used in making agglomerates were 
excluded. 


The record high consumption of iron 
ore, 1402 million tons, exceeded the 1968 
total by 6.4 percent. Miscellaneous use was 
unchanged, and steel furnace consumption 
dropped 15 percent to 3.4 million tons, 
owing to additional open hearth furnace 
shut downs. Ore consumed by the blast 
furnace increased 9 million tons; the 
weight ratio of ore consumed to hot metal 
produced remained approximately the 
same, 1.6 to 1. 
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STOCKS 


Iron ore stocks at mines, U.S. docks, and 
consuming plants, excluding byproduct ore, 
totaled 67.4 million tons on December 
31, 1969, down 4.6 million from the pre- 
vious yearend inventory of 72.0 million 
tons. The American Iron Ore Association 
reported stocks at U.S. docks of 2.6 million 
tons; mine stocks were 13.8 million tons. 


At the average monthly rate of consump- 
tion in 1969, the total stocks represented 
approximately a 5-month supply. The 
decrease in stocks was attributed to Cana- 
dian labor strikes, which affected about 80 
percent of the Canadian production, and 
resulted in decreased shipments to the 
United States. 


PRICES 


Base prices for Lake Superior iron ores, 
51.5 percent iron, natural remained 
unchanged during 1969, and some of the 
published prices, rail of vessel, lower lake 
ports, per long ton, were as follows: Mesabi 
non-Bessemer, 510.55; Mesabi Bessemer, 
$10.70, Old Range non-Bessemer, $10.80; 
and Old Range Bessemer, $10.95. Lake 
Superior pellets were quoted at $0.252 per 
long ton unit. The Cleveland-Cliffs Iron 
Co.. and The Hanna Mining Co. 
announced price increases for 1970 
amounting to 50.25 per ton for natural 
iron ores, which reflected increased tran- 
sporation and handling costs. Lake Supe- 
rior pellets also were increased the equiva- 
lent of 1.4 cents per long ton iron unit. 
Revised base prices for 1970 were as fol- 
lows: Mesabi non-Bessemer, $10.80; Mesabi 
Bessemer, $10.95; Old Range non-Bessemer, 
$11.00; Old Range Bessemer, $11.20; and 
Lake Superior pellets, $0.266 per long ton 
unit. The changes were the first for the 
natural ores since 1964, when they were 


reduced 10 cents per ton owing to trans- 
portation adjustments, and the first for 
pellets since 1962, when they were first 
quoted. Hanna Mining reported also that 
the increases would apply to both natural 
ores and pellets produced by Iron Ore Co. 
of Canada, which Hanna Mining managed. 

The average value of domestic usable 
ore per long ton Lob, mines, excluding 
byproduct ore, was $10.34, compared with 
$10.21 in 1968 and $9.92 in 1967. These 
data were taken from producers' statements 
and approximated the commerical selling 
price less the cost of mine-to-market tran- 
sportation. 

Published prices of selected foreign ores 
were as follows: Venezuela, Orinoco No. 1, 
58 percent iron, Lob, Puerto Ordaz, $7.88 
per long ton; Brazil, lump ore, 68.5 per- 
cent iron, f.o.b. mine or mill, $9.10-$9.60 
per long ton; and Australia, lump, 64 per- 
cent iron, $9.37 per long ton (contract), 
f.o.b. port. 


TRANSPORTATION 


Three developments in materials tran- 
sporation have brought into sharper focus 
future possibilities in iron ore movements 
around the world. Multipurpose supercar- 
riers, pipeline systems, and slurry ships. 
The supercarriers of about 100,000-ton size 
see regular service for ore transport, and 
are expected to be commonplace in the 
future as docks are enlarged and harbors 
deepened to accomodate them. Japanese 
steelmakers have plans for using. 200,000- 
ton combination carriers by 1972, accord- 
ing to the Japan Steel Information Center. 
These carriers, to reduce transportation 
costs to a minimum, would load oil in the 
Persian Gulf, unload in European or 
American Ports, load coal up to 80,000 
tons, or to depths allowed by the port at 


Hampton Roads, then complete loading 
with iron ore at a Canadian, African, or 
Brazilian port for return to Japan. Under 
this system, where port facilities limit coal 
loading, and iron ore can be loaded to full 
ship capacity, the iron ore can be consid- 
ered more or less as ballast, and transporta- 
tion cost is reduced to a point where 
Canadian ores can compete with Austra- 
lian ores. A 10-year charter contract was 
reportedly concluded by Kawasaki Steel 
Corp. with a Norwegian firm for commis- 
sioning of a 220,000-ton oil/ore carrier in 
1971 that would transport ore to Japan on 
a combination haul. Freight cost of iron 
ore by this method from Brazil to Japan 
was to be approximately $3.15 per ton. 


IRON ORE 


The Grángesberg Co. (Sweden), took 
delivery on a combination oil/ore carrier of 
106,400 tons d.w. in March, and contracted 
with a Yugoslav shipbuilder for two 
265,000-ton carriers to be delivered in 
1972-73. | 

The movement of iron ore by pipeline 
as a slurried concentrate has proved to be 
a successful method of transportation, with 
over 2 years operation of a 53-mile facility 
completed in Tasmania. Plans are under 
study to move ore greater distances in 
other locations from land-locked mines to 
ports. 

A third system involves both large car- 
riers and pipe-lines and may have a rapid 
growth, as it also has proven successful in 
commerical movement of ore to both the 
United States and Japan from South 
America. Slurried ore is pumped from 
shore to carrier by pipeline much in the 
same manner that oil is loaded. However, 
at the ships, the ore slurry is dewatered 
and shipped as a high moisture content 
concentrate, which at its destination is res- 
lurried and pumped to a second dewater- 
ing system for either immediate use or 
storage. The operation of this system 
would allow concentrate made at a mine 
in the interior to be pumped direct to an 
ore carrier, and because the pipeline could 
be extended off shore beyond dock dis- 
tance, the system would not have to 
depend on a deep harbor for high-capacity 
loading or unloading. The result could be 
that future carriers may be limited in size 
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only by design and the point of diminish- 
ing monetary return. The Marcona Corp. 
had one of its carriers, the 50,000-ton San 
Juan Merchant, under conversion to carry 
oil, ore, or slurry, the first to be designed 
for all three possibilities. Marcona also 
commissioned two 130,000-ton combination 
ore/oil carriers. 

A 400,000-ton oil tanker has been 
ordered from Ishikawajima-Harima Heavy 
Industries (Japan), and the Mitsubishi 
Heavy Industries had anticipated even 
larger vessels by applying to the Govern- 
ment for permission to construct a dock 
that would allow a 1-million-ton carrier to 
be built. 

The American Ship Building Co. at 
Lorain, Ohio, began the second phase of 
construction on the first of the larger car- 
riers to be constructed on the Great Lakes 
when keel-laying ceremonies were held for 
the United States Steel Corp.'s 45,000-ton- 
capacity carrier. The completed vessel, 
which will be built in two sections, is 
expected to be in service possibly by the 
end of the 1970 shipping season. 

As a result of the completion of the new 
Poe lock at Sault Ste. Marie, a vice presi- 
dent of Litton Industries’ Design Division, 
discussed the design and construction of 
the maximum-size carrier possible for use 
on the Great Lakes? The carrier could 
haul a maximum of 60,000 tons of iron 
ore at the locks mid-summer draft limit of 
281% feet. | 


FOREIGN TRADE 


Labor strikes in the Canadian iron ore 
and steel industries affected both imports 
and exports in the United States, since 
approximately one-half of the domestic 
iron ore moved in and out of the country 
involves Canada. Imports from Canada in 
1969 were down 28 percent from 1968, and 
exports to Canada declined 8 percent. 

Total U.S. exports decreased from 1968 


WORLD 


Angola.—The Companhia Mineria do 
Lobito contracted to supply 14 million 
tons of ore to six Japanese steel companies 
over the next 8 years from its Cassinga 
deposits. In addition to Japan, ore was 
shipped during 1969 to West Germany, 


by 0.7 million tons, and imports by 32 
million tons. Increased shipments from 
Venezuela, Chile, Peru, Liberia, and Aus- 
tralia made up part of the domestic 
import deficit. The value per ton of 
exported ore remained approximately the 
same as for 1968, value of imported ore 
decreased by about 5 percent. 


REVIEW 


England, France, and the United States. A 
contract was concluded with West German 
interests to supply ore for a 5-year period. 

2Yu, A. T. and R. K. Quinn. A New Dimen- 
sion in Great Lakes Iron Ore Transportation. 


Skillings’ Min. Rev., v. 58, No. 7, Feb. 15, 1969, 
pp. 1-10. 
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Argentina.—Governmental plans to 
develop the Sierra Grande iron ore depos- 
its were announced after efforts to secure 
bids from international sources met with 
failure. By Decree 4045, Fabricaciones Mil- 
litares, in charge of governmental mineral 
resources, was authorized to proceed with 
the project. Proposed facilities included a 
pelletizing plant to handle 2.6 million tons 
of pellets per year. Punta Colorado on the 
Gulf of San Matías would be the shipping 
terminal, with a target date of 1974 sched- 
uled for startup and shipment. The Sierra 
Grande deposits are estimated to range 
from 52 to 57 percent iron and total about 
145 million tons. About 50 percent of the 
proposed output would be used to replace 
iron ore imports required to supplement 
domestic ore production for future sched- 
uled steel production. 

Australia.—The rise of Australia, pri- 
marily Western Australia, as a top-ranking 
supplier of iron ore to the world has been 
meteoric. In addition to commitments for 
supplying Japanese steelmills during the 
next two decades, the success of the combi- 
nation supercarriers has opened the Euro- 
pean markets on a competetive basis with 
South American ores, and the possibility of 
another round of long-term contracts; 
these would be with European steelmakers. 

The Savage River Mines, a joint venture 
of Australian, Japanese and U.S. compa- 
nies, in which Pickands Mather & Co. held 
interest and managed through an Austra- 
lian subsidiary, had contracts for shipment 
of about 45 million tons of pellets over a 
20-year period. The company transported 
concentrate to Port Latta, Tasmania, from 
its mine site 53 miles away by pipeline to 
a pelletizing plant. The plant, operating 
with a capacity of 2.25 million tons per 
year, marked its first full year of operation 
in 1969. 

Hamersley Iron Pty, Ltd., moved ahead 
to lead the Australian producers of iron 
ore in exports for 1969 with a total of 13 
million tons. This represented a 40-percent 
increase over 1968 and included 1.7 million 
tons of pellets. Hamersley Iron is a wholly 
owned subsidiary of Hamersley Holdings 
Ltd., which in turn is controlled 54 per- 
cent by Conzinc Riotinto of Australia Ltd., 
36 percent by Kaiser Steel Corp. and 10 
percent by the Australian public. Contracts 
held by Hamersley exceeded 265 million 
tons to be delivered over periods varying 
from 1 to 15 years. U.S. contracts for 1970 
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amounted to 0.6 million tons, and term 
contracts with European steelmakers, 11 
million tons. Most of the remainder was 
scheduled for Japan. Plans for expansion 
included development of a new mine at 
Paraburdoo to give a total output capacity 
of 37.5 million tons annually by 1974. This 
combined with planned expansions at Mt. 
Tom Price would make Hamersley the 
world's largest iron ore producer. 

The Mt. Newman project, in which the 
Amax Iron Ore Corp. a subsidiary of 
American Metal Climax (AMAX) of the 
United States has 25 percent interest, 
began production mining in January on 
Mt. Whaleback, the principal ore body. 
From 5 million tons in 1969, output was 
scheduled to increase to 19 million tons in 
1974, to fullfill long-term contracts total- 
ing over 200 million tons with Japanese 
steelmakers and 70 million tons with one 
of the joint owners, Broken Hill Pty. Co. 
Ltd. (BHP) of Australia. 

The Robe River venture, financed by 
Australian, Japanese, and United States 
interests, including the  Cleveland-Cliffs 
Iron Co., of the United States as manager, 
continued negotiations to finalize agree- 
ments with prospective partners and begin 
development of reserves near Mt. Enid, 
south of Dampier. Contracts negotiated 
with Japanese steel companies exceeded 
150 million tons of pellets and sinter fines 
over a 21-year period. 

Goldsworthy Mining Ltd., 
Consolidated Gold Fields Australia Ltd., 
Utah Development Co., of the United 
States, and Cyprus Mines Corp., of the 
United States, each of which hold one- 
third interest, increased shipments in 1969 
to slightly over 5 million tons. A recent 
contract for the shipment of 52 million 
tons to Japan brought to 83 million tons 
the total committed for Japanese mills by 
Goldsworthy. 

The Koolanooka development, northeast 
of Geraldton, in which Western Mining 
Corp. Ltd., of Australia, has one-half inter- 
est and the other half is divided between 
Homestake Mining Co., and Hanna 
Mining Co., of the United States, shipped 
575,000 tons of ore to Japan on contracts 
amounting to about 5 million tons 
through 1973. 

Brazil.—A new pelletizing plant at 
Tubaráo with a capacity of 2 million tons 
per year started operating near the end of 
the year as part of the expansion program 


owned by 
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of Cia. Vale do Rio Doce (CVRD). 
CVRD, a government-controlled company 
combined with Cia, Meridional de Minera- 
cáo (CMM), United States Steel Corp.'s 
mining subsidary in Brazil, to form a new 
company for joint development of the iron 
ore deposits in the state of Pará. In 1969, 
CMM obtained prospecting permits for the 
Pará iron districts, where company geolo- 
gists had previously located outcroppings 
of high-grade ore exceeding 65 percent 
iron. These districts were thought to be 
some of the largest potentia] sources of 
quality ore in Brazil. 

Purchase contracts obtained by CVRD 
from Japanese steelmakers call for delivery 
of 8.7 million tons in 1971 and 1972, then 
increasing to 9.7 million per year through 
1977. 

Canada.—A significant reduction in pro- 
duction and shipments of iron ore from 
Quebec and Newfoundland occurred in 
1969, attributable to labor strikes lasting 
several weeks, and which also affected steel 
production by The Steel Company of 
Canada, Ltd. and the Algoma Steel Corp. 
Overall Canadian iron ore output in 1969 
decreased from the 1968 record of 474 
million tons to 40.0 million tons. 


During the year, Iron Ore Co. of 
Canada, (IOC) and Quebec Cartier 
Mining Co., announced agreements to 


ship iron ore to Japanese steelmakers. IOC 
will begin shipments in 1970 and supply 
about 1 million tons over a 2-year period; 
and Quebec Cartier will ship 1.2 million 
tons per year for a 5-year period beginning 
in 1971. Ocean movement by supercarriers 
exceeding 100,000 tons was planned. These 
plans involve triangular oil-coal-ore ship- 
ments, and may result in the Quebec-La- 
brador region furnishing Japan with larger 
quantities of ore in the future. Studies 
were started by Quebec Cartier of its Mt. 
Wright iron ore property with the inten- 
tion of opening a new mine in the 1970's. 
The Mt. Wright Range is estimated to 
contain about three times the reserves that 
are available at Lac Jeannine, both of 
which are part of the South Labrador Geo- 
syncline. 

Pellet capacity was expected to be 
increased by about 700,000 tons in 1970 
when two projects would be completed; 
Inco’s Copper Cliff plant to add 400,000 
tons annual capacity, and Falconbridge 
Nickel Mines 300,000 tons of a prereduced 
pellet that is 90-percent iron and 1.5-per- 
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cent nickel. The latter project, located 
near Sudbury, was to produce the first 
combination pellet that included nickel 
for the world market. 

The Zeballos Iron Mines Ltd. closed 
production facilities at its mine in British 
Columbia. Output previously had gone to 
Japan. 

Chile.—Development of the Chañar 
Boqueron iron ore deposit was scheduled 
to start by Corporación de Fomento de La 
Productión (CORFO), the State-controlled 
majority stockholder of (Compañia de 
Acero de Pacifico, S.A. (CAP), which 
would operate the mine. Investment in the 
open pit operation would be about $3.5 
million. The reserves were estimated at 180 
to 350 million tons, varying from 35 to 
over 60 percent iron content, and present 
in large magnetite bodies over an area of 
about 800 square miles. 

CAP was expanding facilities at the El 
Algarrobo mine to increase its production 
by 700,000 tons per year; production was 
estimated at 3.1 million tons in 1969. 

Gabon.—Studies were still under discus- 
sion between the Gabonese Government 
and Société des Mines de Fer de Mekombo 
(SOMIFER) concerning development of 
the Belinga ore deposits. Construction of a 
railroad to a saltwater port would be nec- 
essary in order to move the ore to market, 
and was planned as the first development 
step. The Belinga deposits contain an esti- 
mated 500 million tons of high-grade ore 
averaging 64 percent iron. 

Guinea.—An intemational consortium of 
six firms from five nations, including the 
United States, was reported to have 
secured an agreement leading to possible 
development of the Mt. Nimba iron depos- 
its, near the Liberian border. An output of 
15 million tons per year has been proposed 
as a joint venture with the Guinean Gov- 
ernment; about one-half of the output 
would go to Japan. Iron ore deposits in 
this area have been reported as approxi- 
mately 200 million tons of potential ores, 
containing about 24 percent silica and 47 
percent iron. 

India.—Production of iron ore in 1969 
increased only 900,000 tons over the 27.4 
million tons recorded for 1968. However, 
several projects and planned expansions 
were expected to raise the capacity and 
increase India’s share of the world market. 
Negotiations were continuing with Japa- 
nese steelmaking interests to supply 


566 


approximately 200 million tons of ore over 
a 15-year period, largely from the Bailadila 
project in Madhya Pradesh, south central 
India, and the Barajamda and Daitari 
mines in Orissa. This would require 
improved facilities to dock and load the 
larger ore carriers. 

Under the revised fourth 5-year plan 
ending March 31, 1974, $319 million had 
been recommended by the Government 
Planning Group on Iron Ore for invest- 
ment to raise exports to 31 million tons 
annually. About half of this amount would 
be for the Bailadila, Barajamda, and Dai- 
tari mines, with associated transporation 
and port facilities. 

Kaiser Engineers were reported to be 
studying the possibility of developing iron 
deposits in Mysore State for export. The 
Marcona Corp., together with the Japanese 
Okura Co., was to prepare a preliminary 
report early in 1970 on the economic feasi- 
bility of developing the Kudermukh mines 
near Mangalore. 

Ivory Coast.—Pickands-Mather Interna- 
tional, a subsidiary of Pickands Mather & 
Co., on the basis of a concession granted 
in December 1968, began exploration and 
evaluation of a 4,100. square mile area 
located in the western part of the country. 
The first phase of a U.N. Development 
Program for minerals research in the 
southwest was completed during the year. 
A. second project was started to concentrate 
on specific minerals including iron. The 
U.N. evaluation of potential iron ore in 
the Ivory Coast totals 2.4 billion tons, 
ranging in grade from 40 to 46 percent 
iron. 

Japan.—Japan’s output of iron ore is 
insignificant in comparison with the 
amount needed to keep up with the coun- 
trys rapid steel expansion, and Japanese 
ore contract missions have tied up a large 


part of the world's merchant ore that 


would be available in the next few years. 
As the world's largest importer of iron ore, 
the purchase contracts for 1969 totaled 81 
million metric tons,3 distributed as follows 
in millions of metric tons: Africa, 8.27; 
Australia, 27.05; U.S.S.R., 1.00; India 
including Goa, 15.84; South America, 
18.68; Malaysia, 3.78; Phillipines and Hong 
Kong, 1.38; United States, 3.20; and 
Canada, 2.016. Pellets amounted to an esti- 
mated 11 million tons of the 1969 ore 
imports, with another 3 million tons pro- 
duced in Japan. Quality standards for four 
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categories of Japanese pellet contracts were 
discussed by development personnel of one 
supplier. 

Liberia.— The Bong Mining Co. had an 
expansion program underway to recover 
high-grade concentrate at a rate of 5 mil- 
lion tons per year. By the end of 1970 a 
pelletizing plant was expected to be 
finished that would pelletize part of the 
material at a rate of 2 million tons per 
year, with the other 3 million tons to be 
shipped as 60 percent iron concentrate. 
Total cost of the pelletizing plant was esti- 
mated at $45 million. Output from the 
operation has been going to steelmakers in 
West Germany and Italy. 

LAMCO Joint Venture through its Lib- 
erian Iron Ore, Ltd. (LIO), operated the 
Buchanan pelletizing plant for the first 
full year, producing 1.6 million tons of 
pellets, about 80 percent of capacity. The 
washing plant operated at full capacity to 
produce 8.6 million tons of washed fines 
and lump ore. Total production from the 
Nimba mine amounted to 10.8 million 
tons, with 11.7 million scheduled for 1970. 

Exploration and limited diamond drill- 
ing continued in areas west of the Nimba 
range, the mountain ridges of Gangra and 
Yuelliton, and Mount Tokedah where an 
estimated 150 million tons of ore averaging 
50 percent iron content was indicated. 

Mexico.—Cerro de Mercado, S.A., afhli- 
ated mining company of Cia Fundidora de 
Fierro y Acero de Monterrey, S.A. com- 
pleted the first full year's operation of its 
heavy-media plant designed to upgrade 
low-grade conglomerate at the Cerro de 
Mercado mine site near the city of Dur- 
ango. The beneficiation plant was to pro- 
duce 40 tons per hour of sink product 
analyzing 60 to 65 percent iron, supple- 
menting the regular sized-ore production. 
The company also was given government 
concessions to develop iron ore in national 
reserves to include Santas Ritas, adjacent 


to Cerro de Mercado, and in Sierra 
Majada, Coahuila, near the Hercules 
deposit. 


Las Encinas S.A. mining subsidiary of 
Hojalata y Lamina, S.A. (HyL), had a 
pelletizing installation near completion in 


3 World Mining. Iron Ore Sales Contracts Make 
Many Mining Booms. V. 5, No. 11, October 1969, 
pp. 37-41. 

* Fraser, M. J. and R. R. Beebe. Quality Con- 
trol for the Japanese Iron Ore Pellet Market. 
Skillings’ Min. Rev., v. 58, No. 13, Mar. 29, 
1969 pp. 1, 4, 5, 21. 
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the state of Colima near Pihuamo; produc- 
tion capacity to be about 1 million tons 
per year. Stockpiled fines and ore from the 
mining operations at the El Encino depos- 
its would furnish high-grade material for 
producing pellets to be shipped to HyL's 
steelmaking operations at Monterrey or 
Puebla, near Mexico City. 


New Zeland.—Break-in tests were started 
on the production of sponge iron from 
New Zealand iron sands, using the Stelco- 
Lurgi process. A 246-foot kiln was operated 
to reduce pellets prepared from the sand 
concentrate at a rate of about 10 tons per 
hour. The  metallized product would 
supply the electric-arc steel furnaces of 
New Zealand Steel's plant near Glenbrook, 
which was expected to be producing over 
200,000 tons of steel annually by 1971. 


New Zealand Steel Ltd., owned 45 per- 
cent by the government and 55 percent by 
private shareholders, had an agreement 
with The Steel Co. of Canada to advise on 
the project and provide technical and 
training assistance. 


Norway.— The state-owned A/S Sydva- 
ranger, Norway's largest iron ore producer, 
began production in a new pelletizing 
plant at Sydvaranger at a rate of 1.2 mil- 
lion tons of pellets per year. The facility, 
located near the port of Kirkenes, will be 
supplied with concentrate prepared from 
the Sydvaranger open pit mines. Concen- 
trate has been produced at a rate of 
approximately 2.5 million tons per year, 
which averaged about 65 percent iron. 


Sierra Leone.—The Sierra Leone Devel- 
opment Co. Ltd. (DELCO) improved port 
facilities at Pepel to allow the docking of 
100,000-ton-ore carriers, and raised the 
loading capacity from 2,750 tons per hour 
to 4,000 tons per hour. A 250,000-ton addi- 
tional stocking capacity also was added at 
the port during 1969.  Beneficiation 
improvements at the concentrating plant 
of the Marampa mine were being made in 
the sizing and concentrating sections to 
give a minimum 3.1-million-ton total 
capacity in 1970. Reserves at Marampa 
were estimated at 100 million tons varying 
from 40 to 60 percent iron. 


South Africa, Republic of.—The South 
African Iron and Steel Industrial Corp. 
Ltd. (ISCOR) was to bring a new open 
pit mine into production at its Thabazimbi 
operations in the northwestern region of 
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the Transvaal. Costing in excess of $3 mil- 
lion, the mine's output would help supply 
iron ore for the company's expanding steel 
operations. 


Negotiations were reported as entering 
the final stages between ISCOR, a Govern- 
ment-controlled company, and a group of 
Japanese steelmakers to ship between 5 
and 10 million tons of ore annually to 
Japan from the Sishen deposits in Cape 
Province. A technical report submitted to 
the Government by ISCOR and the South 
African Railways called for a 400-mile rail 
link to a port site on Saldanha Bay. 
Reserves of 1,000 million tons were esti- 
mated in the Sishen-Postmanburg area. 


Sweden.—In June, the state-owned Luos- 
savaara-Kiirunavaara Aktiebolag (LKAB) 
started pellet production at its $19.3 mil- 
lion Svappavaara plant. The start up was 
to increase the company's pellet capacity 
by 1.8 million to a total of 5 million tons 
of pellets per year. A major project at 
Kiruna involved an underground transpor- 
ation system to include computer control 
and a crusher plant costing $29 million, 
completion of which was set for 1971. 
Kiruna, the world's largest underground 
mine produces over 20 million tons per 
year, mostly for European consumption. 


The Grángesberg Co's. 1.6 million ton- 
per-year plant to produce low-phosphorus 
cold-bonded pellets at Grangesberg was 
scheduled for production starting in 1970. 
AB Dannemora Gruvor was to increase the 
mine capacity at Dannemora from 1 to 2 
million tons per year. 


Sweden's iron ore industry has felt the 
competition of new developments in 
Canada, Africa, and Australia in recent 
years, and the prospects for mines produc- 
ing less than 1 million tons of reasonable 
grade ore to remain open were not consid- 
ered good without a rise in prices.5 


Sweden's mines produced 33.3 million 
tons in 1969, and exports were 32 million 
tons. A strike at LKAB mines during 
December reduced output and resulted in 
stock reductions of 3.3 million tons to 
meet export demands. 


Venezuela.—A study for development of 
the San Isidro iron ore deposit was being 
prepared for the Government by an inter- 


5 Huggins, C. B. Swedish Iron Ore Mining 
Operations: A Summary of Present and Future 
Prospects. Inst. Min. and Met. Trans. (Sec. A), 
v. 78, No. 755, October 1969, pp. 112-116. 
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national consortium of experts. If favora- 
ble, tenders would be requested from pri- 
vate interests for producing and marketing 
both regular and pelletized ore on the 
world market. Yearly production of 4.5 
million tons was previously proposed from 
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the deposit, which contains an estimated 
300 million tons of 62-percent iron ore. 

Orinoco Mining Co.’s briquetting plant 
to produce 1 million tons of an 86.5 per- 
cent-iron product annually was in the 
second year of construction. 


TECHNOLOGY 


Pelletizing and prereduction received a 
major share of attention in 1969. Interest 
in the prereduced pellet increased because 
of the high prices quoted for scrap during 
the year and because of indicated future 
shortages in high-quality coking coal. 
Pellet demand continued to increase at the 
expense of standard ores. Iron content of 
agglomerates shipped from domestic mines 
increased from 29.9 million tons in 1968 to 
34.7 million in 1969; the iron content of 
direct shipping ores decreased from 5.3 
million tons to 5.0 million tons in 1968 
and 1969, respectively. Inland Steel Co. 
expected pellets to account for about 75 
percent of its iron ore consumption in 
1970, and Youngstown Sheet and Tube Co. 
reported that pellets supplied slightly more 
of its total ore needs for stcelmaking. 
Republic Steel Corp. and Armco Steel 
Corp. were two steel producers evaluating 
the use of prereduced iron pellets for elec- 
tric furnace feed. 

Two prereduced pellet plants were oper- 
ating in the United States, both using 
imported fine ore. One, the Portland, 
Oregon, metallized pellet plant of Mid- 
land-Ross Corp., was declared successful in 
the first year of its operation, and the 
product was said to increase productive 
capacity of an electric furnace by at least 
35 percent. Construction starts on three 
additional plants by Midland-Ross in 1970 
were announced, one of which would be at 
Georgetown, South Carolina, and another 
at Hamburg, West Germany. The third 
was expected to be in Japan. 

The other metallized pellet plant was 
being operated by the McWane Cast Iron 
Pipe Co., near Mobile, Alabama, where use 
of the D-LM process was said to be suc- 
cessfully producing a prereduced product 
for making electric furnace pig iron. 

Other possible developments for produc- 
ing a prereduced iron product in the 
United States included the fluidized 
hydro carbons process of Standard Oil Co. 
of New Jersey, reported to be moving 


ahead with a program to produce and sell 
briquets with a 92-percent-iron content.’ 

Outside the United States, the SL/RN 
process appeared to be gaining a foothold 
in several countries SL/RN reduction 
plants were in operation or nearing the 
operational stage in South Korea, South 
Africa, New Zealand, and at the Falcon- 
bridge plant in Ontario, Canada, where a 
combination iron-nickel pellet was to be 
produced. The process which makes use of 
sized ore or pellets, was described and 
advantages presented.8 The largest installa- 
tions of the SL/RN plants are scheduled 
for Australia, where Hamersley Iron Pty. 
Ltd. has announced that it will produce a 
92-percent-iron product known as HImet, 
in pellet, briquet, or lump form. Initial 
production was set at 1 million tons per 
year, with exports to start in 1973. 

A new plant was started in Puebla, 
Mexico, by the Hylsa Steel Group, owners 
of the HyL process of reducing lump ore. 
This process, using natura] gas for reduc- 
tion, is the oldest successful commerical 
process in terms of continuous production. 
Several other countries were reported to be 
considering use of the HyL process In 
Sweden, The Grangeberg Co. was to com- 
plete their new pellet plant early in 1970. 
The plant, with a capacity of 1.6 million 
tons annually, would produce a phospho- 
rous-free, cold-bonded product to be sold 
under the name of Grangcold pellets 
(GP). 


S Mining Engineering. World's First Metallized 
Pellet Plant Acclaimed as Steelmaking Break- 
through. V. 21, No. 12, December 1969, pp. 45-46. 
Skillings’ Mining Review. World’s First Metallized 
Pellet Plant Commences Production at Portland, 
Ore. V. 58, No. 48, Nov. 29, 1969, pp. 1, 8-11. 

' McManus, G. J. Pellets Reach the Payoff 
Point. Iron Age, v. 204, No. 20, Nov. 13, 1969, 
pp. 71-75. 

8 Janke, Dr. Wolfgang, Sponge Iron—Production 
by the SL/RN Process and Further Treatment to 
Obtain Steel, Metallges, A.G., Rev. Activ. N.S. 
No. 12, 1969, pp. 16-32. 

? Engineering and Mining Journal. Mexico's 4th 
Mini-Steel Plant Starts With Direct Reduction of 
5 5 Ore. V. 170, No. 11, October 1969, pp. 
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Another process, developed by the Free- 
man Corp. of Quebec, Canada, was being 
testd in West Germany by Gutehoffnung- 
shutte Sterkrade AG of Oberhausen, who 
was reported to have bought patent rights. 
Similar to the SL/RN process, it would be 
marketed as the GHH-Freeman process, 
depending on successful pilot operations in 
Europe. 

The Cleveland-Cliffs Iron Co. (CCI) had 
research and development groups working 
to perfect a flotation concentration process 
that would allow commercial utilization of 
a large hematitic taconite reserve on the 
Marquette range in Michigan. The studies 
were considered successful, and details 
were to be completed in 1970. A paper 
summarizing cooperative research by the 
Bureau of Mines and CCI on the use of 
flotation methods to concentrate nonmag- 
netic Marquette range ores was published.10 
Results were discussed of metallurgical tests 
using a goethitic type ore and one contain- 
ing chiefly hematite and martite as the 
iron minerals. Another article contained 
data concerning the capital and production 
costs of producing pellets from a Michigan 
jasper, a Minnesota magnetic taconite, and 
a Minnesota semitaconite.11 The study was 
made on the basis of Bureau and Univer- 
sity of Minnesota test work. 

Bureau research groups also worked on 
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the problems of lowering the silica content 
of both concentrates and pellets, and the 
separation of iron and manganese from 
Cuyuna range manganiferous iron ores. 
Results of a study to convert nonmagnetic 
iron ore from Steep Rock Lakes, Canada, 
were published.12 

Metallization of 12 Minnesota ores was 
accomplished using hydrogen reduction 
and magnetic separation methods to obtain 
products with 85— to  92-percent-iron 
content.13 Tests to upgrade Knob Lake 
(Canada) ores using lignite resulted in a 
highly metallized product, but results indi- 
cated that large-scale processing would 
require several steps to obtain a product 
suitable for steelmaking.14 


10 Frommer, D. W. USBM—CCI Cooperative 
Research On Flotation of Nonmagnetic Taconites 
of Marquette Range. Blast Furnace and Steel 
Plant, v. 57, No. 8, August 1969, pp. 652—659. 

11 Hays, Ronald M. Economic Evaluation of 
Procesing Low-Grade Oxidized Iron Ores. Blast 
Furnace and Steel Plant, v. 57, No. 8, August 
1969, p. 652. 

12 Prasky, Charles, and Willard S. Swanson. Re- 
duction Roasting of Steep Rock Iron-Bearing 
Materials. BuMines Rept. of Inv. 7242. March 
1969, 21 pp. 

13 Jacobs, H. D. and R. B. Schluter. Production 
of Metallic Concentrates From High-Silica Iron 
Ores. BuMines Rep. of Inv. 7314, November 1969, 


17 pp. 

14 Fine, M. M. and R. B. Schluter. Metallization 
of Iron Ores With Solid Reductants. BuMines 
Rept. of Inv. 7290, September 1969, 19 pp. 
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Table 4.—Crude iron ore mined in the United States, by districts, States, and mining 
methods 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


District and State 


Open pit 
Lake Superior: 
Michigan_____ EE AE 24,574 
Minnesota 127,380 
Wisconsin 
/ ·ð w- uuu. u S L 1 151,954 
Southeastern States: 
Alabama 1,251 
Georgia____ ³ð2 ͤ eis 730 
North Carolina... ................ ...-..- 
Total. EEN 1,981 
Northeastern States: 
New York, Pennsylvania W 
Western States: 
Arizonae.e. 17 
California W 
Colorado 197 
Ida eee ß W 
Missouri 
Montan azza 12 
Needs ⁵ðVA A 8 W 
New Mexico W 
TL OX GB SEENEN 
I ͥ0ͥ ( ³⁵ Ehe ie 4,016 
Wyoming 
ae ter esl 4,242 
Undistributed 2. .-.- 25,052 
Grand total 2 183, 229 


1968 


Under- 
ground 


W 
6,981 
12,708 


Total ! 


29,218 
127,380 


8,424 
17,776 


195,982 


Open pit 


25,577 
135,483 
472 


161,532 


193,860 


1969 


Under- 
ground 


W 
9,277 
13, 283 


Total 1 
29, 584 
135,488 
472 


165,539 


© 
o 
bi 
n 


23522225 


207, 143 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
! Data may not add to totals shown because of independent rounding. 


Table 5.—Crude iron ore shipped from mines in the United States, by districts, 
States, and disposition 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


District and State 


1968 


Direct to To bene- 


Direct to To bene- 


1969 


consumers ficiation Total! consumers ficiation Total ! 
plants plants 
Lake Superior: 
Michigan EEN 2,953 26,650 29,008 1,972 27,592 29,565 
Minnesota 5,044 121,904 126, 947 5,461 130,695 186,157 
"WIBSCODNID. (êé“ GG! ⁵ð i ⁵ TFT—T—TTTTßßßßßf / -. mime 332 332 
PC//ö;—;Ü ⁵ ð² x casei uos 7,897 148,553 155,950 7,438 158,619 166,054 
Southeastern States: 
Alabama.__. . . . . 148 2,006 2,154 W 1,893 W 
l ³ð h eu; MEN RS 780 730 950 950 
Nori T ------ W W 
. •·0A¹A——x— sz ede ot 148 2,786 2,884 W 2,843 950 
Northeastern States: 
New York, Pennsylvania.......... -.---- 10,014 10,014 — ...... 9,629 9,629 
Western States: 
An! ⁵ðVö eee ie | ------ W 18 | 222555 18 
California... ge SE W w W W W W 
Colorado. __ iocur W | ....-- W W ---`-`-- w 
Idaho... ³ð K irem W |....-- W W |.....- W 
Mill. ageet, ------ W W |....-- W W 
Montana.. 12 — ree 12 E E 13 
Nevada. W W W W W W 
New Mexico W W M. — ume W 
7J7Jööĩ§à ,:wĩ1 » oc E W W W W W 
tS s ½¹.½w oe oe u ang W W 2,044 W W 2,460 
Wyoming____.. el E een EE W 4,14 W W 4,413 
NC 1 NEE 12 W 6,202 31 W 6, 904 
Undistributed 1,768 22,331 17,909 2,233 28 , 726 20,978 
Grand Total )J). 9,325 183,634 192,959 9,697 194,817 204, 515 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
1 Data may not add to totals shown because of independent rounding. 
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Table 6.—Usable iron ore produced in the United States, by districts, States, 


and varieties 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1968 
District and State 
Hema- Limo- Magne- Total! 
tite nite tite 
Lake Superior: 
Michigan. W ...... W 18,770 
Minnesota 22,116 88 80,255 52,454 
ISCONGIN:. ee ee r ee 
r 22,116 88 30, 255 66,224 
Southeastern States 
N JJV 914 41 uu 1,826 
T SEH 188 ...... 188 
Nor ort Caroling U u o oo ff: ̃%⅛à AA cuui eee: neus S 
Total Loc ull Zl. uso ss. 914 594 _..... 1,509 
Northeastern States: 
New York, Pennsylvania, Vir- | 
pIBI82. E E, aoa 98,968 8,968 
Western States: 
Arizona. „„ W W 
California W ....-- W W 
Colorado WwW w W 
C 2 z ] o˙·Üð¹ - ̃ e Wig W W 
Missouri... ³ð A ĩðâ2 ---.-.-- W W 
Montana... „„ „„ 12 12 
evada_ Lo A hase W ....-- W W 
New Mexickc ooo W w 
T'éX88. . SS Su 2W  ...... 2 W 
teh gs ebe W W 1,813 
Wyoming...................- W ------ W 2,002 
REM ERES MEN Sars 8,827 
Undistributed EEN 11,597 2501 15,101 9,614 
Total all States 1j 84,627 21,177 49,881 85,187 
Pa ⅛ð- x ERAS 728 
Grand Total Iii. 84,627 21,177 49,881 85, 865 


1969 
Hema- Limo- Magne- Total! 
tite nite tite 
cimi ete 18 , 417 
21,894 ...... 88,881 55,275 
3 38 38 
21,894 ...... 33,419 68,730 
w 889 ...... W 
. 237 — 287 
E - Sancta W 
W 626 W 237 
p tists 8,800 8,800 
IN. nocle 18 
W 2 W W 
as W .....- W 
3 W W 
a eer A W W 
A (ae use 13 18 
W .....- w W 
11 W W 
SE *W _....- 2 W 
W Iu W 2,071 
W uox W 1,965 
18 W 18 4,067 
17,587 2942 9,801 10, 765 
89,499 


21,568 46,588 87,599 
661 


89,499 


21,568 46,588 88,260 


W Withheld to avoid 1 individual company confidential data; included with Undistributed.“ 


1 Data may not add to totals s 
? Includes 8 small quantity of siderite. 


own because of independent rounding. 


3 Cinder and sinter obtained from treating pyrites. Ore was treated in Arizona, Colorado, Delaware, Penn- 


sylvania, Tennessee, and Virginia (1968). 
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Table 7.—Usable iron ore produced in the United States, by districts, States, 


and types of products 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1968 1969 
District and State Direct | Con- Iron Direct Con- Iron 
shipping Agglom- cen- content shipping Agglom- cen- content 
ore erates trates (natural ore erates trates (natural 
percent) percent) 
Lake Superior: 
Michigan_..........---.----- 2,440 10,772 557 60 2,014 10,879 523 61 
Minnesota --------------- 5,002 30,255 17,197 58 5,461 88,881 16,488 59 
% n U Dal c. AAA wee au „ 88 ...... 62 
Total. Z cedem enis 7,442 41,027 17,754 59 7,475 44,298 16,965 59 
Southeastern States: 
Alabama ^y .. 1,008 39 W `... 934 89 
Georgii. . o oos SL ue, sees 188 AN. — ull Beets 237 50 
North Carolina... ...........- 2-222- --.-.-.-.. =-=- 5 W W 
ff A cs euo 329 ssiins 1,186 40 W .....- 1,171 41 
Northeastern States: 
New: York, Pennsylvania, Vir- 
Ein. PME w w W -_--`--- W W W 
Western States: 
Arizona.. „„ W IB" 222i adinin 59 
California W w w W W W W W 
Colorado % S eee W Wo E, 8 W 
IT, CRT EE EE NN s aesndg W NW tees W 
IWEISSOUT WEE w W W ------ W W 
Montang ---------------- JFC 45 C7 ˙ udis. 45 
Nevada. add W zoo w W W 2.. w W 
New Mexico 17 58 A ede. ` Ze W 
Tëxas ] t gu Gas sated w w w W W W W 
! ⁵³» rol ee 152588 555 58 1,361 ...... 710 53 
Wyoming. .................-.- W W W W W W W 
Total..2::22554 98 sede 1,270 W 572 45 1,392 W 710 58 
Undistributed................-..- 530 9,350 5,682 58 923 10,018 4,655 61 
Total all States 11 9,565 50,877 25,194 58 9,790 54,816 23,501 59 
Byproduct or 2.2.2. -.-- ------ WT, eec 670 ....-- 661 ...... 67 
Grand Total 112i. 9,565 51,105 25, 194 59 9,790 54,977 23, 501 59 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 


1 Data may not add to totals shown because of independent rounding. 
? Cinder and sinter obtained from treating pyrites. 
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Table 9.—Iron ore produced in the Lake Superior district, by ranges 


(Thousand long tons and exclusive after 1905 of ore containing 5 percent or more manganese) 


Mar-  Menom- Ver- Spring Black 

Year quette inee Gogebic milion Mesabi Cuyuna Valley Eos Total ! 
1854-19644. 880,808 283,584 819,862 101,840 2,468,124 66,668 6,611 — 8,571,997 
19655 97 ,0 810 182 , 280 867 625 n 66,432 
1966. ........-.-- ,089 4,620 118 704 51,506 1,299 772 icu 68,603 
19677. 10, 231 3,792 49 202 48,857 1,041 58 e 64,229 
1968 ...........- 10,086 9,684 ....... ....--- 51,411 961 83 3 66,224 
1999. 10, 048 . eet 55 %% Shies 38 68, 780 

Total 1... 879,785 808,644 820,884 103, 528 2,720,458 70,886 8,149 88 8,906,215 


1 Data may not add to totals shown because of independent rounding. 


Table 10.— Average analyses of total tonnage (bill-of-lading weights) of all grades 
of iron ore from all ranges of Lake Superior district 


Thousand Content, percent ! 
Year long tons 
Iron Phosphorus Silica Manganese Alumina Moisture 
1966 2 8 64,689 56.85 0.068 8.16 0.48 1.00 6.10 
1908... lore 8 69 , 724 56.88 .068 7.99 .55 1.02 6.21 
1901... m , 845 67.81 .059 7.62 47 . 98 5.70 
1968 EEN 64,065 58.70 .051 7.85 .40 .80 5.16 
1969. 71,389 59.04 . 045 7.32 .45 .69 4.82 


1 Iron on natural basis; phosphorus, silica, manganese, and alumina on dried basis. 


Source: American Iron Ore Association. 


Table 11.—Consumption of iron ore and agglomerates in the United States in 1969 
(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


— Iron ore ! Agglomerates 2 
Blast Steel Blast Steel Miscel- Total 
furnaces furnaces furnaces furnaces laneous? 
Alabama, Kentucky, Tennessee, and Texas.. 7,641 155 4,817 NS 117 12,780 
California, Colorado, Utah................ 5,286 866 2, 776 pee 79 8,507 
Ohio and West Virginia. ................- 19,841 488 6,642 W W 26, 971 
Illinois and Indiana 19,143 482 11 , 467 W W 81,042 
Michigan and Minnesota. ................ 7,897 78 2,758 W 50 10,778 
Maryland, New York, and Pennsylvania... 28,866 1,195 24,728 W 51 49,840 
Undistributed.. =. ,,,, aerer — meme. demus 704 168 867 
U ow 83,174 2, 715 58,182 704 460 140 , 235 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
1 Includes 48,323,000 tons of pellets and nodules produced at mines. 

2 Does not include agglomerate produced at mine site. 

3 Includes iron ore used in making paint and cement, also ore consumed in ferroalloy furnaces. 

Data may not add to totals shown because of independent rounding. 


Table 12.—Beneficiated iron ore 
shipped from mines in the United States ! 


(Thousand long tons and exclusive of ore con- 
taining 5 percent or more manganese) 


 Benefici- Proportion of 

Year ated Total beneficiated to 

total (percent) 
1965. 64, 667 84,078 76.9 
1966 70,451 90,041 78.2 
19677. 66,248 82,415 80.8 
19688. 72,781 81,984 88.8 
1969_.__-- 80,157 89,854 89.2 


1 Exeludes byproduct ore. 


Table 13.—Usable iron ore 1 consumed 
in agglomerating plants and agglomerate 
produced from this ore in 1969, by states 


(Thousand long tons) 


State Iron ore Agglomerate 
consumed! produced 
Alabama, Kentucky, Tex- 
OS coe eee ed 8,171 8,734 
California, Colorado, 
CCC 2,249 2,781 
Ohio and West Virginia 4, 770 6,121 
Illinois, Indiana, Michi- 
PON EE ROMANUS 9,887 11,968 

New York, Maryland, 
Pennsylvania......... 14,524 17,704 
Total... --.----- 84,101 42,308 


! Does not include material used in agglomerate 
produced at mine site. 
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Table 14.—Production of agglomerates 1 
in the United States, by types 
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Table 15.—Stocks of usable iron ore 
at mines1 Dec. 31, by districts 


(Thousand long tons) (Thousand long tons) 
yen Agglomerate produced District 1968 r 1969 
! i 777 8 
Pu 0 7 "uud eb Quand Ze, — 41 
Total-: osc 92,181 100,048 Deer L: L. ZL: 16,041 18,790 
1 Production at mines and consuming plants. r Revised. 


2 Includes 18,710 thousand tons of self-fluxing sin- 1 Excluding byproduct ore. 


ter. 
u Includes 21,086 thousand tons of self-fluxing sin- 
r. 


Table 16.—Average value of usable iron ore shipped from mines or beneficiating 
plants in the United States in 1969 


(Per long ton) 
Direct-shipping ore Concentrates 
District —— ———————————— Agglom- 
Hematite Limo- Magnetite Hematite Limo- Magnetite erates 
nite nite 
Lake Superior $7.01 "m qve $7.47 TN $12.17 
Southeastern............- T —— $5.58 W (goede 
Northeas tern ER Ges TH W 14.23 
Western 6. 19 W $6.83 W w 11.89 
Total... ote 6.90 W 6.88 7.42 7.49 $6.08 12.26 
W Withheld to avoid disclosing individual company confidential data. 
Table 17.—U.S. exports of iron ore, by countries 
(Thousand long tons and thousand dollars) 
1967 1968 1969 
Destination — 

Quantity Value Quantity Value Quantity Value 

Canadá. — cnc Sh ie eS 22 us 2,258 $29,069 2,278 $28,118 2,085 $26,255 
Germany, West 43 270 58 349 62 409 
7öÜ¹v % x um 8,602 42,179 8,550 42,814 8,009 85,529 
Other countries 3 67 8 59 4 117 
NEE 5,906 71,585 5,884 70,885 5,160 62,810 

Table 18.—U.S. imports for consumption of iron ore, by countries 
(Thousand long tons and thousand dollars) 
1967 1968 1969 
Country 

Quantity Value Quantity Value Quantity Value 

1 ⁵ꝛ·AQ»..◻. ñðĩß m mdr qos ] ↄ K ĩð i MEA —. gadane $701 
Australia.. ------------------- 1 $18 181 $1,884 815 8,556 
Dll»; A m ete 1.624 14,74 1,257 11,622 1,238 11,300 
Canada _.___-..-----.---.--- 24,214 276, 597 26,839 808,014 19,004 219,698 
0 „865 11,286 ,441 11,515 , 188 14,871 
Liberia... E 8,099 23,787 2,942 28,389 8,144 27,227 
NOPWAV u u. u us u t our 486 2,217 860 2,646 269 1,987 
Eege, eelere LO eb ees 879 9,404 925 9,875 1,008 10,788 
Sweden 148 1. 840 232 2,610 155 , 659 
Venezuela.. 12, 820 103, 718 10,818 83,163 13,751 110, 745 
Arr. 8 3 1 4 51 597 
l! L S.L: 44,611 448,918 48,941 458,753 40,758 402 , 629 
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Table 19.—U.S. imports for consumption of iron ore, by customs districts 
(Thousand long tons and thousand dollars) 


1968 1969 
Customs district — Ó P5— —W 
Quantity Value Quantity Value 

PHH ug. uns 9,261 $90,389 9,500 $91,586 
I 2e s eee Tia 4 A0 ee 
Ettel 2: h ² ² uvwUVu..ĩ Se eee 88 2,546 32, 735 2,505 83,795 
ChIieggo uico eludet cir EC ĩð 8 6,724 78,919 4,399 47, 542 
Cleveland WER 8,796 94,873 6,620 69,126 
Detroit. o cua ³ y mt y munie asa d 1,381 20,071 1,095 16,126 
LG EE TT5 8,981 687 7,809 
Los Angeles o ce sa oe s s E d ee 83 7 3 — uod ees 
lll. a A 8,943 84,309 4,171 86,805 
New Orleans „„ 647 5, 670 458 4, 204 
F! y sQ S ÉL S 806 2,887 96 941 
Gand... 52 859 18 415 
FF; ⁵i²⁰rT0u0ſu0TPu0TPuTPuTurkk.kk.:.k y CA LE 24 BAT)  J—. “¿OSO DS 
Fe 2 52:24-24--:2- ee 9,445 83,371 11,070 92,470 
Portland, rr; ⅛ð Sasa sss 6 1,632 
PPP ff ⁰⁰ ³ d EE 4 66 13 


(ul. m ——————————— P ed 48,941 453, 753 40,758 402, 529 
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Table 20.—World production of iron ore, iron ore concentrates, and iron ore 
agglomerates, by countries 1 


(Thousand long tons) 


Country 1967 1968 1969 » 
North America: 
RE, TEE r 87,789 47,448 40, 001 
Mexico (60 percent Fe equivalent)... ..............-. 2,653 3,151 3,440 
United States 84, 179 85, 869 89,241 
South America: 
F EEN r 222 278 e 295 
Brazil EES r 21,946 24,726 e 82,500 
Chile >; e eed edle eL ati 8 r 10,618 11,729 11,453 
Sie; EH 569 846 
Oo ...... oe r 8,450 8,878 8,986 
Venezuela_____ eu LL Oise anite 8 r 16,786 15,934 19,412 
PE 
JDBRD1R EE EEN r 408 e 400 e 400 
ET ˙s⅛5⁰6Ü6t.ʃ I n : mw x 3,418 3,427 3,919 
(( ⁵³⅛Q . ³ðÜVwmſ mmm M Lu E 87 e 90 
Tt EE oe 2,459 2,608 2, 657 
Czechoslovakia... -2222-22-2222 1,884 1,547 1,547 
RK EE 56 e 55 e 40 
Finish ³ð⅛ 8 r 926 e 850 870 
NH, 2e S S S ⅛ðÄ-2 ydmsß 8 48,448 54,365 54,526 
Germany: 
Rug[--- o y . 8 1,658 1,392 e 1,380 
PP Lumu cusam eed uu wu E ok ahs r 6,679 6,345 5,965 
SE oo i usu AE y a athe MD eee 11. . | | 12 X ere 
Uf ³oü˙¹ͥ he Suk ³ r 704 628 669 
C//ö%§⁵ĩᷓ½è d Ee 1,068 1,041 661 
Luxembourg 6,204 6,292 6,211 
e ße . LR rft r 3,184 3, 645 8,785 
Poland. 7. ĩ ÜÄ½dddddͥ½ ͤ ͥũ ¶(ͥc..3 Lu 8 „026 3,002 2,777 
FS ³owmi é 194 201 161 
A B _ . hc se ͤ ⁰yſyd -W m i 2,752 2,704 e2 ,660 
OI es , EEGEN r4,987 6,087 : 
Sweden. LL r 27, 889 31,908 82,661 
UNS Ru etri A d EEA r 165,588 178 , 825 183 ,061 
United Kingdom. ......................-...-.....-- 12,740 13,715 12, 104 
M y K ĩ 2,539 2,671 2,678 
Africa: 
7öÜ˙—;;u;t;!;!!;..ñ;??2˙c r 2,498 8,080 e 8,450 
Angola. ñęñ ee ate S S 1,186 8,167 5,891 
Liberia. 17,936 19,262 22, 505 
Mauritania 2 ...... 7,834 , 8,440 
Morocco- EENEG 870 794 787 
Rhodesia, Southern....-...------------------------- 689 1,279 1, 280 
Sierra Leone r 2,862 2,958 2,828 
South Africa, Republic of 7,615 8,108 8,649 
Swaziland. ẽ/ ͥ g geg y mm sa 1.715 2,018 2,267 
RITTER 904 1,000 e 980 
"T. United Arab Republic 416 440 453 
sia: 
China, mainland H 27, 500 87 , 400 39,400 
Hong t a Curs u 8 142 159 168 
I11111§Ü6⅛ ↄ⁵⁵ . 25,744 27,000 27 , 857 
Ch ß e ee 2,184 2,187 1,826 
Korea 
e ß . ate bila 6,400 6,900 7,400 
S!! dade ns taeda EE 687 817 699 
RT EE x aa Na 5,850 5,085 5,150 
Philip pine@:. ses L emere De Da 1,455 1,382 1,536 
(CJ O vym y 13 6 8 
PF ⁰dd y v LL Lees 540 492 469 
III/ 5 m EUN ERREUR 1,462 1,958 2,991 
Oceania: 
AUSUCESIÉ e Ete 8 r 16,887 25,977 88,478 
New Caledonia 201 169 | | |. ...... 
Kr 8 8 e8 
Total Turu sera ͥ ͥ uas D C 612,820 674,440 712,406 


e Estimate. P Preliminary. r Revised. . 

1 Table does not include Guatemala, Uruguay, and a few additional countries where iron-bearing materials 
are produced for manufacture of cement and other materials, or in countries where production is for explora- 
tion or metallurgical testing only. 

? Iron-nickel ore. 

3 Includes pelletized iron oxide derived from pyrite. 

* Roughly containing 50 percent iron. 

5 Including production from Goa, as follows: 1967, 7,086; 1968, 6,748; and 1969, 6,899. 

6 Including production from iron sands, as follows: 1967, 1,108; 1968, 1,096; and 1969, 885. 

7 Totals are of listed figures only. 
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Iron and Steel 


By F. E. Brantley 1 


The year 1969 was marked by a record 
high for domestic raw steel 2 production of 
141.3 million tons, a downturn in iron and 
steel imports, and a decided upturn in ex- 
ports. 

The industry as a whole, departing from 
the pattern of 1968 when imports reached 
a record high of 18 million tons, was less 
concerned with passing restrictive import 
legislation and more interested in taking 
advantage of the increased market oppor- 
tunities both at home and overseas. As a 
world boom developed for iron and steel 
mill products, the inability of Western Eu- 
ropean steelmakers and Japan to meet the 
full needs of the market demands became 
apparent, resulting in increased export 
sales by U.S. mills, particularly to Euro- 
pean countries. 

Price trends were upward, reflecting 
both labor and raw material cost advances 
as well as shortages in certain categories, 
such as flat rolled products and nickel- 
bearing steels. Coking coal became a major 
concern for some U.S. as well as European 
and Japanese steelmakers. 

A rising need for increased capital ex- 
penditures for equipment to meet pollution 
regulations added to the problem of reduc- 
ing production costs. Total plant and 
equipment expenditures by the steel indus- 
try for 1969 amounted to $2.1 billion, 


slightly less than expenditures for 1968 
which reached $2.4 billion. 

In spite of the record steel output, the 
industry's profits failed to match those of 
most other industrial sectors, and diversifi- 
cation was turned to more and more by 
the larger steelmakers in order to raise the 
desirability and profitability of steel stocks. 
Real estate development, manufacture of 
mobile homes, and leasing of major items 
of industrial and transporation equipment 
were some of the new ventures appearing 
under the financial structure of the indi- 
vidual steel companies during the year. At 
least one company established a subsidiary 
to serve as a vehicle for entering new 
fields of diversification. 

For the first time some of steel indus- 
trys larger companies were either taken 
over or merged with outside interests. Two 
were the Jones & Laughlin Steel Corp., 
which became a part of Ling-Temco- 
Vought, Inc. (LTV), and The Youngstown 
Sheet and Tube Co. which merged with 
the Lykes Corp. to form the Lykes- 
Youngstown Corp. 


1 Physical scientist, Division of Ferrous Metals. 

2 The term raw steel, as used by the American 
Iron and Steel Institute, includes ingots, steel cast- 
ings, and continuously cast steel. It corresponds 
to the term crude steel as used by the United 

ations. 


581 


582 MINERALS YEARBOOK, 1969 
Table 1.—Salient iron and steel statistics 
(Thousand short tons) 
1965 1966 1967 1968 1969 
United States: 
Pig iron: 
Productions -ssena Se ee ce 88,207 91,287 86,799 88,767 95, 003 
Shipments. __...-.-.---- 2-2 ee 88,391 90,884 86,819 89,085 95,472 
REENEN ebe ee 28 12 7 9 44 
Imports for consumption 882 1,187 605 786 407 
Steel: ! 
Production of raw steel: 
))C;ö˙Ü5Ü5¹bw 8 116,651 118,732 118,190 116,269 124, 832 
Stainless... __ cA iR ee e 1,4983 1,651 1,451 1,432 : 
All other allo 13,318 13,718 12,572 18,761 14,861 
17ö·Üi1 nean aa E 131,462 184,101 127,213 131,462 141,262 
Index 1957-69) a A eid 185.3 138.1 131.0 135.0 145.4 
Total shipments of steel mill products... ...... 92,666 89,995 88,897 91,856 98,877 
Exports of major iron and steel products. _- ---- 2,888 2.144 1,898 2,460 5,512 
Imports of major iron and steel products 2 10,640 11,048 11, ,446 17, , 899 14,019 
World production: 
, ß EE 369,000 382,000 393,000 425,000 460, 000 
Raw steel (ingots and casting) 506,000 524,000 544,000 584,000 633, 000 


1 American Iron and Steel Institute. Includes ingots, continuous cast steel and all other cast forms. 


2 Data not comparable for all years. 
3 Includes ferroalloys. 


PRODUCTION AND SHIPMENTS OF PIG IRON 


Production of pig iron in the United 
States increased by 7 percent over that of 
1968 and exceeded the previous record set 
in 1966, 91 million tons, by 4 million tons. 
The 95 million tons produced required a 
total of 59,054 blast furnace days, with an 
average production of 1,609 tons per blast 
furnace day, according to the American 
Iron and Steel Institute (AISI). There were 
228 blast furnaces, including 5 ferroalloy 
furnaces, reported on the last day of 1969, 
a net loss of 2 during the year. Of these, 
169, including 2 ferroalloy furnaces, were 
in blast at yearend compared with 154, in- 
cluding 4 ferroalloy furnaces, in blast at 
the beginning of the year. Over half of 
those operating were located in three States 
—Pennsylvania, Ohio, and Indiana. 

The United States Steel Corp. reported 
that it would have a new blast furnace 
with a capacity of about 1.5 million tons 
per year in operation near Chicago in the 
summer of 1970. Several other companies 
during the year also were modifying or 
had planned changes to install furnace 
facilities to increase efficiency. 


Metalliferous Materials Consumed in 
Blast Furnaces.—Total net iron ore includ- 
ing agglomerates consumed in the blast 
furnaces was 150 million tons. The total 
tonnage of materials used to produce ag- 
glomerates in 1969 contained 81.5 percent 
ore, fines, and concentrates. The remainder 
consisted of scale, coke, limestone, and 
small amounts of other materials. Pellets 
charged to the blast furnaces amounted to 
58.5 million tons and sinter amounted to 
49.9 million tons. Total metalliferous ma- 
terials consumed per ton of pig iron pro- 
duced was 1.682 tons, slightly less than the 
average for the prior 5-year period. 

According to AISI, total blast furnace 
oxygen consumption was 9.1 billion cubic 
feet, compared with 6.7 billion in 1968 and 
8.7 billion in 1967. 

Bureau of Mines data collected from the 
iron and steel industry showed that 52.1 
billion cubic feet of natural gas, 4.4 billion 
cubic feet of coke-oven-gas, and 120.8 mil- 
lion gallons of oil were consumed by blast 
furnaces in 1969. 


PRODUCTION AND SHIPMENTS OF STEEL 


The sharp upward trend in steel pro- 
duction that began in October 1968, after 
the year’s lowest monthly average was 
reached in September, continued into 1969. 


Rising from a September weekly average of 
1.9 million tons to a weekly average of 2.8 
million tons in April, 1969 domestic out- 
put leveled off for the remainder of the 
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year at an average rate of 2.7 to 2.8 mil- 
lion tons per week. 

Total production of domestic steel, des- 
ignated as raw steel by the AISI to include 
ingots, steel castings, and continuously cast 
steel, was 141.3 million tons. The steel 
index, based on average production of the 
three years 1957—59 as 100, was 145.4, com- 
pared with the 1968 index of 135.0. Open- 
hearth furnaces produced 43.1 percent of 
the domestic steel, the basic oxygen process 
(BOP) accounted for 42.7 percent, and 
electric furnaces the remainder. BOP steel 
gained 25 percent over 1968 production, 
and electric furnace steel gained 20 per- 
cent, while the open-hearth production de- 
clined 8 percent as new basic oxygen and 
electric furnaces went on line and open 
hearths were retired from service. August 
marked the end of the open-hearth fur- 
nace as the major steelmaking method, 
and the BOP led for the remainder of 
1969. Net mill shipments of steel products 
in 1969 totaled 93.9 million tons, compared 
with 91.9 million tons in 1968. There were 
no major changes in percentages of market 
destinations other than the large export 
increase which took 5.9 percent of the 
total shipments compared with 2.7 percent 
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in 1968; automotive shipments declined 
from 21.0 percent to 19.5 percent. 

Materials Used in Steelmaking.—Pig iron 
continued to account for the highest per- 
centage of metallics charged to the steel- 
making furnaces. For each ton of domestic 
steel produced in 1969, the average metal- 
lics consumption was 1,192 pounds of pig 
iron, 1,053 pounds of scrap, and 47 pounds 
of iron ore including agglomerates. In 1968 
the requirements were, in pounds, 1,216, 
1,024, and 63, respectively. By comparison 
in 1964 each ton of steel required 1,353 
pounds of pig iron, 1,103 pounds of scrap, 
and 142 pounds of ores. The shift from 
open hearth operations to the BOP and 
electric-arc furnace steelmaking has been 
the primary reason for the variations. 

According to the AISI, the steelmaking 
furnaces in 1969 consumed 554,562 tons of 
fluorspar, 26.61 million tons of limestone, 
5.73 million tons of lime, and 681,753 tons 
of other fluxes. Oxygen consumption in 
the furnaces totaled 183.4 billion cubic 
feet; 62.2 percent in the basic oxygen con- 
verters; 32.0 percent in the open hearths; 
and 5.8 percent for electric steelmaking 
furnaces. 


CONSUMPTION OF PIG IRON 


Domestic consumption of pig iron in 
steel furnaces increased in 1969 over 1968 
by 5 percent. For the first time basic oxy- 
gen converters comsumed more than one- 
half of the pig iron going to furnace use, 
accounting for 53 percent, compared with 


43 percent for the open hearths. Shipments 
made by the producers of pig iron for 
other than own use increased by 19 per- 
cent, reaching approximately 3.9 million 
tons for the year. 


PRICES 


Prices increased generally throughout the 
year for a wide range of steel mill prod- 
ucts, following the pattern established in 
1968. Announced price boosts by an indi- 
vidual steelmaker were usually met within 
a relatively short time by other producers. 
There was one difference in that increases, 
once made, tended to remain firmer than 
in 1968. However, near the end of the year 
a system of pricing using theoretical weight 
per square foot as a base for dimensional 
orders for certain types of steel, rather 
than the previously used actual weight sys- 
tem, became general practice in the indus- 
try. This option was offered by a number 
of companies for purchase of sheet steel 


products and carried an extra charge in 
the range of $2 to $6 per ton. Even so, 
overall savings to the consumer were re- 
ported to be well in excess of the extra 
charges and the new system gave the 
buyer, dimensionally speaking, the exact 
amount ordered. 

Stainless nickel-bearing steel prices had 
the largest increases during the year, with 
three price rounds announced by most 
producers. Shortage of nickel and its ac- 
companying rapid upward-price reaction 
was cited as the major cause. Increases also 
occurred in prices of other stainless alloy- 
ing elements such as chromium, molybde- 
num, and manganese. 
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The composite price of pig iron, accord- 
ing to Iron Age, increased from $56.38 per 
short ton at the beginning of the year to 
$58.13 at yearend, while the composite 
base price of finished steel rose from the 
equivalent of $130.76 per short ton to 
$145.26 per short ton. Carbon steel plate 
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increases of $7 were posted by most produ- 
cers in July and brought the price of this 
product to $129 per short ton in most sec- 
tions of the country. The price of high- 
grade commercial iron powder was reported 
at about 11.5 cents per pound with im- 
ported powder about 3 cents per pound less. 


FOREIGN TRADE 


A voluntary agreement by the major 
steel producers of Japan and the European 
Common Market countries was made 
which would limit steel shipments to the 
United States to a total of 14 million tons 
in 1969. The agreement, made with assist- 
ance of the U.S. State Department, was to 
be valid through 1971 and had the effect 
of reducing demands for immediate import 
legislation in the United States, since a 
majority of steelmakers appeared willing to 
allow the verbal pact a trial period. The 
acceptance of the agreement was consid- 
ered important as United States commit- 
ments made under the General Agreement 
on Trade and Tariffs (GATT) would 
have been abridged by the application of 
tariffs or quotas. 

Steel exports to the United States in 
1969 were to be limited by Japan to 5.75 
million tons and by Common Market 
members to 5.57 million tons. The remain- 
der, approximately 2.7 million tons, was to 
be alloted other steel exporters, primarily 
Canada and the United Kingdom, although 
neither was a party to the quota agree- 
ment; actual shipments by the two coun- 
tries to the United States amounted to 1.7 
million tons in 1969. 

Total imports of steel mill products into 
the United States in 1969 were 14.0 million 
tons, with Japan exceeding its 5.75 mil- 


lion-ton limit by 8 to 9 percent. However, 
the Japanese steel industry indicated that 
their 1970 shipments would be reduced by 
this amount, taking into account a 5 per- 
cent increase which was allowed each year 
under the agreement. With the 5 percent 
increase, U.S. steel imports could reach 
14.7 million tons in 1970 and 15.4 million 
in 1971. 

United States exports of major iron and 
steel products rose to 5.5 million tons in 
1969, an impressive 124-percent gain over 
the 2.5 million tons exported in 1968. This 
increase resulted partly from steel strikes 
in Canada and several of the Western Eu- 
ropean steel-producing countries, from a 
worldwide rising consumer demand for 
stcel products, increased construction in 
many countries, and indirectly from the 
failure of some Eastern European coun- 
tries, particularly the U.S.S.R., to meet 
previously projected steelmaking targets. 
Consequently, these nations found it neces- 
sary to import steel products for domestic 
use which were in short supply rather 
than being able to export. Efforts were 
being made to increase production capacity 
by stepped-up purchases of rolling and fin- 
ishing mills from free-world sources. Mean- 
while, domestic steelmakers expected for- 
eign demand for semifinished steel to 
continue at the higher level set in 1969. 


WORLD REVIEW 


The world's steel output reached a new 
high of 633 million tons in 1969, a gain of 
approximately 8 percent over the 1968 pro- 
duction of 584 million tons. With the ex- 
ception of Italy and Canada, gains were 
registered in all the major steelmaking 
countries of the world. Strikes in the in- 
dustrial sector of Italy were reported as re- 
sponsible for over 1.5 million tons of lost 
production in that country, which resulted 
in an adverse trade balance for steel. West 


Germany also experienced production 
losses because of strikes but ended the year 
with a 10-percent increase over its 1968 
steel production. Japan's steel industry had 
the highest percentage increase, 24 percent, 
and prepared for further increases in the 
1970's. Overall world capacity for produc- 
ing raw steel was believed to be at least 10 
percent above the 1969 production figure, 
with additional facilities being added in 
practicaly all of the larger producing 
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countries. However, shortages developed 
for specific items in 1969 such as nickel- 
bearing stainless steels due to nickel short- 
ages, and certain flat rolled steel products 
such as thin coil and galvanized shect, due 
largely to insufficient finishing facilities. 


The International Iron and Steel Insti- 
tute (IISI) held its third annual meeting 
in Tokyo in October. The Institute's 95 
member companies from 24 countries rep- 
resented about 95 percent of the free 
world's steel production. An objective of 
the organization is to promote better un- 
derstanding of the internation aspects of 
the industry. The scope of the association's 
activities was expanded during the meeting 
by setting up a committee on steelmaking 
raw materials. The United Nations contin- 
ued its studies of the world steel situation 
through the steel committee of the Eco- 
nomic Commission for Europe. A report 
was presented on the year's work which 
emphasized the contribution made to in- 
ternational cooperation in the world steel 
market between both industrialized and 
developing countries. 


Studies were published by the United 
Nations titled, "World Trade in Steel and 
Steel Demand in Developing Countries," 
"Principal Factors Affecting Labour Pro- 
ductivity Trends in the Iron and Steel In- 
dustry,” “Automation in the Iron and 
Steel Industry,” and “Economic Aspccts of 
Computer Control of the Oxygen Steel- 
making Process.” Studies under way in- 
cluded problems dealing with air and 
water pollution in the industry and with 
iron and steel scrap. New uses of stcel 
were also being studied by the U.N. Steel 
Committee. 


European Coal and Steel Community 
(ECSC).—Unprecedented demand for steel 
products both within ECSC and from out- 
side customers raised raw steel production 
to a record of 118 million tons, about 9 
percent more than produced in 1968. This 
was accomplished in spite of slowdowns in 
several ESCS countries due to strikes. Italy 
was the only country failing to better its 
1968 record, with a 2 percent decline, duc 
to a combination of strikes. 

Significant sales were made to East Euro- 
pean countries, particularily of flat- rolled 
products. Scarcity developed in several 
product lines including reinforcing bars, 
wire rods, and pipe. Overall, the increased 
market demand was reflected in an in- 
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crease in imports from the United States 
and a decrease in exports to this country. 
Algeria.—The first production from the 
new El Haajar iron and steel works at An- 
naba was shipped in August. The ship- 
ment, 15,000 tons of pig iron for Japan, 
was to be followed by additional pig iron 
exports pending completion of domestic 
steelmaking facilities scheduled for 1970. 


Australia.—An international group 
headed by Armco Steel Corp., and includ- 
ing Hamersley Iron Pty. Ltd., and Conzinc 
Rio Tinto of Australia Ltd. were making a 
2-year study on the economics of establish- 
ing a new steel complex in Australia. A 
Jervis Bay site, 100 miles south of Sydney, 
where Armco owns a block of land, was 
mentioned as the possible location, if the 
feasibility study proved favorable. An esti- 
mate of the investment was placed at 
about $350 million. 


A major new steelmaking plant was 
being planned for Victoria on Westernport 
Bay, by the Broken Hill Pty. Co. Ltd. 
(BHP), Guest, Keen Nettlefords Ltd. of 
England, and John Lysaght (Australia) 
Ltd. This combine, pending agreement 
with the State Government, would have 
the first phase of the plant operating in 
1972, and would coordinate the present 
steelmaking operations of the participants, 
eventually forming a multi-million-ton ful- 
ly-integrated complex. 


BHP also announced plans for a steel- 
making center at Port Kembla, about 50 
miles south of Sydney at the Hoskins Kem- 
bla works of a subsidiary company, Austra- 


lian Iron and Steel Pty., Ltd. (AIS). The 


cost was estimated at $110 million and 
would raise steelmaking capacity by about 
2 million tons annually. Plans include a 
new blast furnace and a basic oxygen steel- 
making shop. The blast furnace, No. 5 for 
AIS, is to be constructed by IHI of Japan 
at a cost of approximately $22 million; op- 
cration is set for carly 1971. Another BHP 
subsidiary, Commonwealth Steel Co., Ltd. 
(Comstcel) is slated to have a $15 million 
expansion at its stainless steel plant at Un- 
anderra, near Port Kembla, increasing the 
annual capacity by 30,000 tons. Australian 
steel production under present plans is ex- 
pected to expand from the 6.8-million-ton 
output in 1969 to about 9 million tons in 
1971, and to 30 million tons in 1980. 


Canada.—A government- controlled steel- 
making corporation, Sidérurgie du Québec 
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(SIDBEC) , acquired more than 90 percent 
of the shares of Dominion Steel and Coal 
Corp. Ltd. (Dosco), and assumed opcra- 
tion of four main divisions of Dosco near 
the first of the year. These divisions were: 
A rolling mil] at Contrecoeur, Quebec; 
electric steel furnaces, a casting mill and 
wire plant in Montreal; a wire and nail 
plant in Ontario; and a steel fabricating 
plant at LaSalle, Quebec. Resale of other 
Dosco divisions to the parent organization, 
Hawker Siddeley Canada Ltd., reduced 
SIDBEC's cost for the divisions retained to 
about $20 million. Operations in 1969 were 
reported to be profitable, and a 3-ycar 
plan to invest $80 to $90 million was an- 
nounced that would make the reorganiza- 
tion a fully integrated steel complex. The 
plan included facilities for pellet produc- 
tion and electric furnace steelmaking at 
Contrecoeur. 

Long range plans of The Steel Co. of 
Canada Ltd. (Stelco) were released which 
envisioned a fully automated steel plant 
on a 6,600-acre plot acquired on the north- 
ern shore of Lake Erie near Nanticoke, 
which would be producing about 15 mil- 
lion tons of steel annually in 25 years. Do- 
minion Foundries and Steel Ltd. (Do- 
fasco) also was reported to have purchased 
an option on 5,000 acres on Lake Erie 
within 40 miles of the Stelco site for simi- 
lar use as a future steel complex. Stelco 
expected the country's steelmaking capacity 
to more than double by 1980 from the 11 
to 12-million-tons-per-year average in re- 
cent years. 

Pollution control projects were being in- 
creased by the major steelmakers. Stelco, in 
a 5-year program, included immediate 
plans to eliminate waste pickle liquor dis- 
charges into Hamilton Bay at the Hilton 
plant by converting all pickling lines to 
the hydrochloric acid (HCI) process at a 
cost of $5 million. Dofasco also announced 
plans to convert the firm’s pickling lines at 
Hamilton to the HCl process which allows 
reuse of the acid. The cost was given at 
$0.5 million. Algoma planned to install a 
$1 million phenol recovery plant in 1970 
to prevent discharge of this pollutant into 
St. Mary’s River from its Sault Ste. Marie 
operation. 

Brazil.—In a move to decrease steel im- 
ports the Government issued a decree-law 
(No. 569 of May 7, 1969) which exempted 
from import taxes all imported raw mate- 
rials, materials for consumption, and 
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equipment for the operation, moderniza- 
tion or expansion of steel plants. This was 
to be in effect for 30 months. 

Several plans drawn up in 1969, and the 
2 preceding years were to provide for 
rapid steel expansion in the next few 
years. One installation owned by the Acos 
Finos Piratini Co. and costing about $50 
million was expected to begin operation in 
1970 at Charqueadas, Rio Grande do Sol. 
The Cia. Siderúrgica Paulista (COSIPA) 
was to double its steel ingot capacity, 
reaching 1 million tons by 1972, and the 
Intendente Camara plant of Usinas Siderür— 
gicas de Minas Gerais, was to be increased 
from 624,000 metric tons to 1.4 million 
metric tons per year. 

Charcoal is still used in Brazil for the 
production of over 1 million tons of pig 
iron annually. Under the present Forestry 
Code the steel plants using this process 
must create and maintain their own forest 
reserves. 

Chile.—Steel expansion plans established 
in 1967 for Cia de Acero del Pacifico, S.A. 
(CAP), Chile’s major steel producer, were 
revised during the year. The former target 
of 1 million metric tons capacity by 1971 
was changed to 800,000 tons by 1973, due 
to financing problems and improvements 
needed in the company's present opera- 
tions. A signed loan agreement with 
French, British, and Austrian interests to 
supply $18 million in foreign credits was 
the basis for placing equipment orders 
during the year for an oxygen converter 
shop, and January 1973 has been set for op- 
cration of two 100-ton converters. A new 
electrolytic tinplate line was completed 
and is expected to satisfy most of the do- 
mestic requirements previously supplied by 
imports. 

Establecimientos Metalürgicos Indac S.A. 
(INDAC) planned for a new plant in 
Rengo, south of Santiago to make high 
carbon and alloy steels. Production capac- 
ity was expected to be about 33,000 tons of 
ingots and 23,000 tons of rolled products 
on a one-shift operation. A contract was 
reported to have been awarded in 1968 to 
the Japanese firm Ishikawajima-Harima 
Heavy Industries Co., Ltd. (IHI), valued 
at about $4 million with construction to 
start in early 1970. 

Colombia.—Colombia's only integrated 
steelmaker, Acerías Paz del Río S.A., pro- 
ceeded with its expansion program to in- 
stall a new blooming mill and a hot roll 
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mill. Financing was sought for a new cold 
roll mill to complement the hot roll mill 
and to have the mill operating in 1971 or 
1972. Each of the mills would have a ca- 
pacity of 100,000 tons annually. Also 
planned is a second blast furnace for fu- 
ture installation. 

Three smaller steel companies were in 
the process of installing electric furnaces 
that would provide a combined capacity of 
60,000 tons annually. 

Finland.—A 560 million expansion pro- 
gram of Rautaruukki Oy was under way 
during the year. This involved construc- 
tion of a hot rolling mill at Raahe and a 
cold rolling mill plus a continuous galvan- 
izing line with a hydrochloric acid (HCI) 
treatment plant at Hámeenlinna. All units 
were expected to be completed by 1972 and 
to greatly increase Finland's self-sufficiency 
in a number of major steel products such 
as galvanized roofing. 

France.—The upsurge in demand for 
steel during the past 2 years, especially for 
internal consumption, coupled with the ne- 
cessity to compete with large coastal steel 
complexes in other countries, resulted in 
agreement between French industry and 
the French Government to erect a new 
steel works with a capacity of about 7 mil- 
lion tons per year. The new complex 
would be a joint venture, tentatively 
planned for Fos-sur-Mer near Marseilles, at 
an estimated cost of $800 million, with a 
target date of 1973-75. Rolling mills to 
produce products that have been in short 
supply, such as thin plate, would be given 
installation priority. France had an effec- 
tive annual steel capacity of 24.3 million 
tons at the beginning of 1969, and the new 
complex would increase its production cap- 
ability by about 30 percent. 

Germany, West.—A trend to reduce the 
Nation's independent steel producers to a 
limited number of large combines contin- 
ued as a partial merger of August Thys- 
sen-Huette AG (ATH) and Mannesmann 
AG, was approved by the Commission of 
the European Economic Community 
(ECC). All domestic pipe-making facilities 
of the two companies were combined 
under the name  Mannesmannroehren- 
Werke, and in 1969 represented 75 percent 
of the national output. 

Construction of a $40 million electric- 
arc-furnace steel mill, including a Mid- 
land-Ross metallized-pellet plant, was 
started in Hamburg. Scheduled to begin 
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production early in 1971, the capacity will 
be 500, 000 tons of products such as wire 
rod and bar steel. Korf Industrie and Han- 
del GmbH. K. G., Baden-Baden, joined the 
Midland-Ross Corp. of Cleveland on a 50- 
50 basis to erect the mill. 

Hoesch A.G., Dortmund, was reported to 
be planning a new joint steel complex 
with Hoogovens of the Netherlands. The 
site would be near Rotterdam, with the 
crude steel production to start in 1974 at 
about 2.5 million tons annually for the 
first phase. 

India.—Three new steel plants were pro- 
vided for in the Fourth 5-year Plan 
(1969-74) ; these would be constructed 
during the Fifth plan (1975-79) and to- 
gether with the Bokaro plant which was 
under construction, was expected to raise 
India's steelmaking capacity to about 20 
million tons. A revision in the expected 
completion date for the Bokaro plant 
moved it from 1969 to June 1972. 

India's five integrated steel plants had a 
total capacity of 9.8 million short tons an- 
nually; 3.3 million tons in two private-sec- 
tor plants, and the remainder in three 
public-sector plants. 

Shortages of pig iron developed for do- 
mestic uses in 1969. This was due largely 
to increased exports, and caused the Gov- 
ernment to place restrictions on shipments 
of pig iron and billet for 1970. Japan was 
the principal pig iron market. 

Italy.—Domestic steel consumption con- 
tinued at a high rate, with the per capita 
increase for 1967-69 reaching approximately 
13 percent. Although Italy's steel producers 
showed a slight production drop from 
1968, a need for new capacity was appar- 
ent based on future market forecasts. Ita- 
ly's production capacity, about 19.1 million 
tons at the start of 1969, increased to an 
estimated 20 million tons during the year. 

An expansion was underway during the 
vear at the Taranto plant of the Finsider 
group to raise the annual steel capacity 
from 2.6 million tons to about 4.5 million 
tons. Installation of a 300-ton basic oxygen 
converter, said to be the largest in Europe, 
was the major project. The possibility of 
erecting a new steelworks was reported to 
be under study for future consideration. 

Imposition of countervailing duties on 
some steel products imported from Italy, 
because of findings by the U.S. Govern- 
ment that the exports were subsidized, was 
expected to reduce Italian steel exports to 
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the United States. Some of the items were: 
forged steel grinding balls; wheels and 
axles for railroad use; fabricated steel con- 
struction works; rails; bolts; nuts, and 
rivets. 

Japan.—Japan’s position as the third 
largest steel-producing country improved in 
1969 as production increased by 24 percent 
over 1968 to over 90 million short tons. A 
number of new facilities were completed, 
and short term plans by the five leading 
steelmakers called for each to start con- 
struction of a large blast furnace by March 
1970 to keep pace with planned expansion 
of the steel industry. Two of the record- 
making blast furnaces completed in 1969 
were No. 2 at the Mizushima works of Ka- 
wasaki Steel Corp. blown in on January 
18, and No. 3 at the Nagoya plant of Fuji 
Iron and Steel Co. Ltd. which was officially 
opened on April 5. The former with a 
hearth diameter of 37.7 feet and a volume 
of 2,857 cubic meters averaged 7,265 short 
tons of hot metal per day during August, 
and the latter had a capacity of 7,700 
short tons per day. These will be exceeded 
by at least three larger furnaces including 
Mizushima's No. 4, designed to produce 
over 10,000 tons per day. 

A voluntary steel import agreement be- 
tween the United States, and Japanese and 
European Common Market steel producers 
to restrict steel shipments to the United 
States from 1969-71 was announced by the 
U.S. Secretary of State early in the year. 
Japan's quota for 1969 was 5.75 million 
short tons, with approximately the same 
product mix and distribution pattern as in 
1968. 

At midyear the Japanese steel companies, 
with approval of the Japanese Ministry of 
International Trade and Industry (MIIT), 
formed eight cartels representing eight 
steel product groups. Each cartel estab- 
lished a quota for each member for the 
export of the cartel's product. The cartels, 
formed under the Japanese Export and 
Import Transaction Law, Article 5-3, cov- 
ered (1) ordinary steel mill products, (2) 
galvanized iron sheets, (3) wire products, 
(4) welded ordinary steel pipes, (5) cold- 
finished ordinary steel bars, (6) cold-fin- 
ished ordinary steel strip and hoop, (7) 
stainless steel sheets, and (8) special mill 
products other than stainless steel sheets. 
Member firms ranged from 79 for wire 
products to 6 for stainless steel sheets. 
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Of major interest during the year was 
the discussion surrounding the merger of 
Yawata Seitetsu and Fuji Seitetsu, Japan’s 
two largest steelmakers. After public hear- 
ings, a formal examination, and some con- 
cessions made by the companies, the Japan 
Fair Trade Commission approved the 
merger in October, to become effective 
March 31, 1970. The new combine, Shin 
Nippon Seitetsu, (Nippon Steel Corp.) 
would produce about one-third of Japan’s 
output, and would have capacity second 
only to the United States Steel Corp., the 
world’s largest producer. 


Kenya.—Construction of the first rolling 
mill in Kenya was started at midyear near 
Mombasa. A newly formed company, 
Kenya United Steel Co., was to operate the 
facility which will have an annual capacity 
of about 36,000 tons of rods and bars, 
when commissioned in 1970. Some of the 
plant output was expected to be exported. 
The mill will be supplied with imported 
input materials. 


Mexico.—The major steel producers in 
Mexico—Altos Hornos, Fundidora, and 
Hojalata y Lamina—were completing proj- 
ects during the year which would raise 
Mexico's raw steelmaking capacity to about 
5 million tons. Al] were expected to be 
ready for full production by late 1970. In 
addition to these three producers, a num- 
ber of smaller companies were undergoing 
or planning expansions that included elec- 
tric furnace instailations. 


Additional steel capacity of about 
500,000 tons could also be available by 
1975 if the Las Truchas steel plant 


planned for Michoacán is completed. 


New  Zealand.—Construction on the 
steclmaking plant of New Zealand Steel 
Ltd. (NZS), at Glenbrook was sufficiently 
advanced to make initial test runs with 
the Stelco-Lurgi reducing kiln in Decem- 
ber. At the same time the plant's two elec- 
tric arc furnaces were operated on a trial 
basis with ferrous scrap. The sponge iron 
output was expected to reach the produc- 
tion stage and replace scrap early in 1970. 
The continuous billet-casting facilities also 
were undergoing trials. A continuous hot- 
dip galvanizing line reached full produc- 
tion in June at an annual rate of 100,000 
tons, using cold-rolled coil from Japan. A 
pipe mill to be financed by Government- 
backed bonds will complete the first stage 
of the planned complex at Glenbrook. 
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Pacific Steel Ltd., owned 40 percent by NZS, 
installed a wire rod mill, and will use 
Glenbrook billets when available. 

The New Zealand operations have been 
designed with the domestic market in 
mind. However, the chairman of NZS has 
stated that the company could compete 
with foreign producers and dispose of all 
output. NZS has built an export market 
for galvanized products with other Pacific 
Islands. 

Philippines.—The Japanese sponsored 
Iligan Integrated Steel Mills Inc. operated 
its new cold reduction mil] on a one-shift 
basis and continued work on placing a hot 
strip mill in operation. The next construc- 
tion phase calls for building a blast fur- 
nace and basic oxygen furnace facilities, 
both scheduled for startup in 1973. 

Singapore.—Meetings conducted by the 
Economic Commission for Asia and the 
Far East (ECAFE) resulted in the forma- 
tion of the Southeast Asia Iron and Steel 
Institute which will establish headquarters 
in Singapore during 1970. The Institute 
will have six member nations: China (Tai- 
wan), Philippines, Indonesia, Malaysia, 
Singapore and Thailand. Japan and Aus- 
tralia have been accepted as supporting 
member nations. The Institute will further 
the development of iron and steel indus- 
tries within its member nations and en- 
courage regional cooperation between the 
members. 

The National Iron and Steel Mills Ltd. 
was reported to be planning an integrated 
iron and steel complex to be established 
within 3 or 4 years. Mayaysia and Aus- 
tralia would be the source of necessary 
iron ore. 

Two small steel mills were scheduled for 
erection in 1970 to overcome steel short- 
ages for the shipbuilding and repairing in- 
dustries of Singapore. 

South Africa, Republic of.—A third iron 
and steel complex for the Republic was 
announced by the Economics Affairs Minis- 
ter in May. The plant, to be built in 
Newcastle, Natal, was scheduled to have an 
initial capacity of about 400,000 ingot tons 
per year beginning in 1973 and increase to 
2.4 million tons in 1980. The Govern- 
ment-controlled South African Iron and 
Steel Industrial Corp. Ltd.  (ISCOR) 
would coordinate production of the re- 
cently acquired African Metals Corp. Ltd. 
(AMCOR), a pig iron producer at New- 
castle, with the new operation. Expansion 
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plans of ISCOR, including the Newcastle 
works and expanded mining operations, 
call for expenditures of an estimated 
$1 billion by 1980. 

Spain.—The Government, in an effort to 
expand the nation's steel industry, granted 
preferential credit facilities to integrated 
steel works having an annual ingot capac- 
ity of over 1 million tons. This covered 
the three largest producers, Altos Hornos 
de Vizcaya S.A. (Altos Hornos). Empresa 
Nacional Siderúrgica S.A. (ENSIDESA), 
and Unión de las Siderürgicas Asturianas 
(UNINSA). All made substantial capital 
equipment improvements during the year 
with UNISA's new Veriña works scheduled 
to have a new blast furnace operating be- 
fore 1971. 

Although the Minister of Industry indi- 
cated that the industry was not operating 
profitably in 1969, the Government was 
hesitant to raise prices because of the ef- 
fect on the domestic economic situation. 

In May the Ministry of Industry con- 
firmed a decision to locate a major steel 
complex in Sagunto north of Valencia, 
with a goal of 10 million tons of steel an- 
nually. However, a timetable on construc- 
tion was not firm. Nisshin Steel Co. of 
Japan proposed to build a stainless steel 
mill in Spain, to be owned jointly with 
the Spanish interests, and submitted plans 
for Government approval at a site on Al- 
geciras Bay. 

Tunisia.—A wire mill with a total esti- 
mated cost of $4.2 million and a capacity 
of 10,000 tons annually was to be built 
under an agreement between the Govern- 
ment's Société El Fouladh and the French 
Compagnie des Ateliers et Forges de la 
Loire. To be located near Bizerte, opera- 
tion was scheduled to begin late in 1970. 

U.S.SS.R.—The current 5-year plan 
(1966-70) continued as a period of exten- 
sive construction in the steel industry 
throughout the Soviet Union. Plans also 
called for two new steel works, one at 
Tayshet in eastern Siberia, and the other 
south of Moscow in the area of Kursk. 
Both would be fully integrated and 
equipped with 3,500-cubic-meter blast fur- 
naces and 300-ton convertors. 

During the first 3-year period (1966-68) 
of the current plan, steel output increased 
10 percent, while the increase for the 3 
prior years (1963-65), amounted to 13 
percent, indicating a slowdown in the ex- 
pansion program. This i$ borne out by a 
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new target figure for 1970 of 117 million 
metric tons of steel as announced, to rc- 
place the original target set at 124 million 
tons. 

Two new blast furnaces went into serv- 
ice in 1969, one at the Cherepovets works 
and the other at the Nizhny Tagil Com- 
bine. Both were to operate with a useful 
volume of 2,700 cubic meters. The average 
daily output of pig iron in the U.S.S.R. per 
cubic meter of useful blast furnace volume 
was given as 1.653 metric tons for 1969. 

United Kingdom.—Modernization of the 
public sector of the United Kingdom steel 
industry since Vesting Day (July 28, 1967) 
has involved all four groups of the British 
Steel Corporation (BSC) working toward 
completion of approved projects totaling 
about $500 million. This includes modifi- 
cations, replacement projects, and installa- 
tion of new capacity. As part of the pro- 
gram, construction on a basic oxygen steel 
plant at the Margam Works of the South 
Wales Group was well advanced. The new 
plant has two 300-ton converters which 
began casting in October, with an annual 
capacity of about 3.5 million tons, and are 
part of the plan to increase capacity; they 
put the Post Talbot Stecl complex on a 
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more competitive basis. Included also are 
the deepwater harbor ore handling facili- 
ties which will service carriers using the 
new $36 million harbor being constructed 
by the British Transport Dock Board. 

The BSC announced plans to increase 
steel production by about 10 million tons 
by 1975, with domestic demand expected 
to reach an estimated 22 to 23 million 
tons. A part of the expansion involves a 
plan to build a new steel plant at Scun- 
thorpe; Lincolnshire, England. This would 
involve an expenditure of over $300 mil- 
lion. A plan to reorganize BSC into prod- 
uct divisions was approved in December 
and was expected to go into effect early in 
1970. Product Divisions would be general 
steels, special steels, strip mills, and tubes. 
Two others, constructional engineering and 
chemicals, also would be included. The 
new organizational setup was expected to 
permit better utilization of all plants and 
to streamline overall operations. 

Evidence that the private sector still of- 
fered opportunity to small producers was 
seen in the installation of a new electric 
arc furnace for stainless steel production at 
the Rotherham Stainless and Nickel Alloys 
Ltd., established in 1968. 


TECHNOLOGY 


Blast Furnace.—Production of the major 
portion of the world's pig iron for stecl- 
making appeared committed to blast fur- 
naces for at least the next decade as re- 
cord-breaking furnaces with capacities of 
over 5,000 tons of hot metal per day camc 
into production and plans were made for 
increasingly larger ones. Japan was the 
center of activity where a 7,000 ton-per-day 
furnace was operating, an 8,800 ton-per- 
day furnace under construction, and one to 
produce 10,000 tons per day was in the 
planning stage. Hearth diameters of the 
latter two were to exceed 40 feet. Plans 
were announced also for a 46-foot-diameter 
blast furnace at Dusiburg-Schwelgern, West 
Germany, at an estimated cost of about 
$67 million. 

Technological improvements in helping 
attain the record productions of the large 
furnaces included high-temperature opera- 
tions, uniform pelletized feed, high-top 
pressure, fuel and oxygen injection, and 
computer control. The use of three tap 
holes was planned for the new furnaces in 
Japan which were to have inner volumes 
of 3,000 cubic meters or more. 


Texaco Inc. and Fuji Iron & Steel Co., 
Ltd. tested a new gas injection system de- 
veloped jointly by the two companies for 
reducing coke requirements in blast fur- 
nace operation. Involved was the cracking 
of a heavy petroleum stock in a special 
furnace and injection of the resulting gas 
at 1,800° F or higher through a separate 
set of tuyeres. Blast furnace output was re- 
portedly increased by 10 to 15 percent and 
the coke ratio reduced by about 10 per- 
cent. A Japanese Iron and Steel Institute 
committee also was said to be studying 
use of atomic power reactors preparatory 
to establishing an experimental set-up pos- 
sibly by 1972. The plan was to utilize nu- 
clear electric energy combined with nucle- 
ar-generated high temperature gas for 
steelmaking. 

A blast furnace installation at Rohrort, 
West Germany was being operated under 
computer control as part of a research 
project of the ECSC to develop better fur- 
nace control methods. 


3 Metal Bulletin (London). A New United 
Kingdom Stainless Steel Producer. No. 5460, De- 
cember 23, 1969, p. 27. 
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In the United States, data were given and 
performance discussed of the initial 2-year 
operation of Youngstown's latest blast fur- 
nace, which exceeded its rated capacity of 
4,000 tons per day in September.“ 

Bethlehem began operation of the larg- 
est blast furnace in North America in Dc- 
cember. The furnace was the first to use a 
computer-controlled belt feed system. 

United States Steel reported that its 
technology for injecting pulverized coal di- 
rectly into the bottom area of the blast 
furnace combustion zone had been success- 
fully tested in a large furnace, and about 
20 percent of the coke normally required 
could be economically replaced with in- 
jected coal. 

Basic Oxygen Process.—The basic oxygen 
proces (BOP) of steelmaking reached a 
world-wide annual capacity of 260 million 
short tons in 1969, with an addtional 102 
million tons scheduled for the future.5 
Production by the Kaldo process would 
add another 5 million tons of capacity. 
The United States had a total existing ca- 
pacity of 65 million tons compared with 79 
million for Japan where 77 percent of its 
1969 steel production was by the BOP. 
Also in Japan the Nation's first commercial 
stainless steel by the BOP was reportedly 
made at Fuji's Muroran Works and other 
installations were scheduled to start up in 
the future. Essentially all of the world's 
basic oxygen converters installed recently 
have a capacity in the range of 200 to 300 
tons, with 310 tons being the largest. 

Basic oxygen steel represented 42.6 per- 
cent of the domestic production in 1969, 
approximately the same as that produced 
in the open hearths. However, open hearth 
production was exceeded by the BOP in 
August for the first time, and the gap was 
expected to continue to widen until the 
open hearths were phased out. 

The U.S. National Bureau of Standards 
offered for sale the first certified steel sam- 
ples to be prepared by the BOP; these 
were available as carbon steel in chip 
form.6 

Electric Furnaces.—Electric furnace pro- 
duction of steel was 14.3 percent of the 
domestic total in 1969, compared with 12.8 
percent in 1968. The growth rate of elec- 
tric furnace capacity has exceeded that of 
the basic oxygen furnace in the past few 
years and is expected to continue at about 
10 percent until the open hearths are out 
of production. New electric furnace instal- 
lations were being made by both the 
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larger steel producers, and the smaller 
mini-steel mills where capital outlay, as 
well as pollution control, is usually a 
major factor. À review of the various as- 
pects of electric furnace steelmaking and 
its future possibilities was published.7 

Scrap availability may be a limiting fac- 
tor in future electric steelmaking, but sub- 
stitution of metallized iron ore as the fur- 
nace feed has been demonstrated and the 
production of both iron and steel by the 
clectric furnace route in the smaller opera- 
tions shown to be commercially feasible. 

Use of electric furnaces in semi-inte- 
grated steelmaking plants for the develop- 
ing countries of the world was recommen- 
ded, and cost comparisons were presented 
for a plant operating at several capacity 
levels.8 

Automation.—An on-line computer con- 
trol system of operations at the Kimitsu 
Works of Yawata Iron and Steel Co. Ltd. 
was said to be the world’s first successful 
attempt at integrated computerization of a 
stecl works. Production techniques were 
improved and a large reduction of workers 
made possible. 

The use of computers in solving com- 
plex problems including scheduling of 
about 1,100 patterns in a new foundry of 
the Caterpillar Tractor Co. was described.9 
Computerized automatic control systems 
for complete blast furnace operation devel- 
oped and built by Westinghouse’s Process 
Line and Metal Making Department were 
installed during 1969. 

Computer control of a Sendzimer mill 
designed to roll steel strip as thin as 0.001 
inch was reviewed.10 Continuous monitor- 
ing and controlled roll settings combined 
with air conditioning and oil filtration was 
said to allow final finished tolerances to be 
held to plus or minus 50 millionths of an 
inch. The first commercial installation of 
the Taylor Mill, utilizing improved work 
roll deflection-compensation, at a J & L 
plant was expected to give a more uniform 


4 Blast Furnace & Steel Plant. V. 57, No. 4, 
April 1969, pp. 287-291. 

Š Stone, J. K. World Growth of Basic Oxygen 
Steel Plants. Iron and Steel Engineer, v. 46, No. 
12, December 1969, pp. 111-116. 
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111-115. 

? Foundry. Caterpiller Builds a New Foundry. 
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product and eliminate secondary processing 
equipment normally used for thin-rolled 
steel. 


Continuous Casting.—Continuous casting 
gained in favor during the year with state- 
ments made by both producers and users 
of flat rolled goods that the quality of the 
product from the continuous caster was at 
least as good as that produced from the 
conventional ingot. An official of Continen- 
tal Can Company Inc., indicated that con- 
tinuous cast steel would become the stand- 
ard grade in can making in 5 years.11 


Inland's president reported that the 
company's new continuous slab caster at its 
Indiana Harbor Works incorporated inno- 
vations resulting from a 3-year research 
project which also included Bethleham, 
Republic, and Youngstown Sheet and Tube 
as participants.12 

In April, the United States Steel Corp. 
had the first public showing of a new con- 
tinuous slab caster which was said to be 
capable of producing a continuous strip of 
steel weighing over 1,600 tons; also to turn 
out slabs up to 76 inches in width. Other 
companies announcing initial continuous 
casting facilities or additions during the 
year included National Steel Corp., Lukens 
Steel Co., Armco Steel Co, The Timken 
Roller Bearing Co. Georgetown Steel 
Corp. Florida Steel Corp., and Kentucky 
Electric Steel Co. 


Overall projections for continuous cast- 
ing in the next 5 years point to a rapid 
growth and general acceptance by both the 
larger steel mills and the mini-steel plants. 
As in the case of the BOP replacing the 
open hearth, sufficient time having elapsed 
to prove the merit of continuous casting, 
production by ingot casting can be expected 
to be relegated to a successively smaller 
position each year. 


A multi-metal continuous caster devel- 
oped by Interlake Steel Corp. was described 
by a company official at a national meet- 
ing of the Wire Association. Operation of 
a pilot plant using this process was re- 
ported successful in casting as many as six 
metals in the same day. Metals processed 
in the continuous caster included cast iron, 
ductile iron, carbon steel, and stainless 
steel. 


Bethlehem engineers described research 
efforts in evaluating the Hazelett Strip- 
Casting Process.13 The system was judged 
to be impractical for casting of slabs less 
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than 3 inches thick, but had the advan- 
tages of rapid changes in slab sizes and 
high casting speeds. 

A United Nations study, Economic As- 
pects of Continuous Casting, 14 covering 
the technical aspects of existing processes, 
the economics involved, and possible fu- 
ture trends on a worldwide basis was made 
available for purchase. 

Continuous steelmaking from ore was 
still being studied for some processes, but 
none have extended beyond the experiment- 
al stage. A review was given of recent re- 
sults in this field.15 Another article dis- 
cussed continuous steelmaking from scrap 
sources.16 Use of a six-electrode arc melt- 
ing furnace was proposed for fast melt- 
down, and cost figures for plant operation 
were presented. 

Work in the research department of 
Bethlehem Steel Corp. on a continuous ox- 
ygen steelmaking process was reviewed.17 
In this study progressive oxygen lancing of 
a hot metal stream was found to be tech- 
nically feasible. 

Steel Refining.—Allegheny Ludlum started 
installation of the Swedish developed 
ASEA-SKF process for vacuum refining 
at its Brackenridge works.18 The proc- 
ess uses an oxygen blow under vacuum to 
rapidly decarbonize molten stainless steel 
while the metal is being agitated by means 
of induction stirring coils. Although used 
in several Swedish plants, this was to be 
the first U.S. installation. 

A Republic Steel Corp. subsidiary, A. 
Fink] & Sons, introduced as commercially 
available a combination vacuum-arc degass- 
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ing proces (VAD) which was developed 
in its Chicago plant. Controlled tempera- 
ture and effective sulfur elimination was 
claimed. 

A new electron beam refining process 
was announced by Air Reduction Co.'s 
Airco Temescal Division of Berkeley, Calif. 
Known as the Combined Refining Process 
(CRP), induction melting, vacuum-arc re- 
melting, and electron beam refining were 
reportedly used to obtain ultra-pure alloy 
steels. 

Electroslag remelting or refining (ESR) 
to produce high-purity ingots of high- 
Strength steels was reviewed in an article 
by West German scientists.19 A United 
States company was formed during 1969 to 
produce high alloy and stainless steels by 
this process. The Russians reportedly have 
improved the process since its inception 
and they have concluded an agreement 
with U.S. interests to market their process- 
ing rights. 

Foundry.—The success of ductile (nod- 
ular) iron was apparent with domestic 
commercial production of this versatile 
material exceeding 1 million tons in 1969 
for the first time. This was a sevenfold 
gain from the production of 153,000 tons 
10 years previous, an increase due largely 
to conversion of motor vehicle parts such 
as crankshafts to this metal, and to in- 
creased pipe useage. World production for 
the year was estimated at approximately 3 
million tons. 

Some major technological advances have 
been made in recent years in foundry op- 
erations examples of which may be found 
in the nodular iron foundry of General 
Motors’ Chevrolet Division at Saginaw, 
Mich. This plant is engineered to give an 
almost completely automated manufactur- 
ing process and is equipped with modern 
pollution controls. 

About 85 percent of all nodular iron is 
thought to be made in basic cupolas, with 
electric induction furnaces being uscd 
when contamination of the metal must be 
avoided. An iron melting process said to 
use a down-draft cupola and thus reduce 
air pollution control costs, as well as pro- 
vide better metallized control of the iron 
was announced as being under test at one 
plant. 

A new method of producing cheaper 
nodular iron was reported developed by 
A. B. Jarnforadling, Halleforsnas, Sweden.20 
The method made use of sponge iron in- 
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stead of nickel or ferrosilicon as a vehicle 
to introduce magnesium into the iron 
bath, and was said to give a high yield per 
unit of magnesium as an additional advan- 
tage. | 

A discussion of the use of tin to im- 
prove iron castings was published ?1, also a 
general discussion on the uses of ductile 
iron for pipe uses.22 


General Electric Co. through its Lamp 
Metals and Components Department, an- 
nounced a program to assist companies in 
starting ferrous die casting. Iron and steel 
parts being cast in expendable molds or 
machine formed in several steps may often 
be die cast in refractory metal molds to 
produce a more uniform product at com- 
parable costs. 


A new centrifugal method of forming 
parts in molds was reported by T'ASS from 
the U.S.S.R. In addition to precisely re- 
producing the design, mild steel was said 
to become harder with centrifuge proces- 
sing. Applications in powder metallurgy 
were said to be possible also. 


A Japanese foundry reportedly cast 
several steel ingots weighing about 400 
tons each to set a world's record. Some of 
the castings were to be used in manufac- 
turing atomic power generator shafts. 


Specialty Steels.— The shortage of nickel 
for alloy steels during the year spurred ef- 
forts to produce alternate types of steel to 
replace the high-nickel stainless grades. A 
number of specialty steel producers, such 
as Universal-Cyclops and Allegheny Lud- 
lum, offered new steels with reduced nickel 
content. Armco announced a new high- 
strength low-alloy (HSLA) steel which was 
described as a major breakthrough. A yield 
strength of 60,000 p.s.i., with plate thick- 
ness to 3.5 inches and possibly more was 
claimed. Airco Vacuum Metals announced 
a new high-chromium stainless grade essen- 
tially immune to chloride stress corrosion 
cracking. High-strength steels for underwa- 
ter-vehicle use were discussed in one 


1? Wahlster, M. and A. Choudhury. Electroslag 
Remelting—An Efficient Way to Make Clean Steel. 
EEN v. 95, No. 4, April 1969, pp. 

20 Nodular Iron Method Found. American Metal 
Market, v. 76, No. 225, Nov. 28, 1969, p. 6. 

21 Thwaites, C. J. The Development of the Use 
of Tin to Improve the Quality of Iron Castings. 
2085 and Steel, v. 42, No. 3, June 1969, pp. 201- 


23 Andrews, E. N. Some Aspects of Ductile Iron 
Pipes and Pipelines. Iron and Steel, v. 42, No. 6, 
December 1969, pp. 399-404. 
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article,23 and a general discussion of high- 
strength steels in another.24 The U.S. 
Navy planned to use an advanced high- 
strength steel in the range of 180,000 to 
200,000 p.si. for the pressure hull of a 
deep-sea search vehicle. A review of stain- 
less steels for desalination equipment was 
given.25 

Tin-free steel having a thin chromium 
coating and designed for container use was 
in production by two steel makers. One 
container manufacturer installed the first 
of 10 facilities for producing tin-free cans 
to be located at users' plants. 

Several steel companies engaged in hous- 
ing research, directing efforts toward mass 
production of modular steel units for both 
apartments and private permanent units as 
well as mobile homes. 

The new stainless stee] process developed 
by the Linde Division of Union Carbide 
Corp., and introduced in 1968 was licensed 
to the fifth. company, Eastern Stainless 
Steel Corp. who scheduled production in 
1970. The process involves argon-oxygen 
refining in a two-step process, chromium 
loss being reduced by the argon during de- 
carburization under controlled conditions. 

Iron Powder.—Iron powder capacity in 
the United States and Canada was placed 
at about 379,000 tons in 1969 by the Metal 
Powder Industries Federation, with domes- 
tic demand about one-third of this 
amount. A rise in capacity to 429,000 tons 
was expected in 1970. The first iron pow- 
der plant to use hot metal produced di- 
rectly from iron ore for the manufacture 
of iron powder products was described.26 
The plant, located in Quebec, had an an- 
nual capacity of 70,000 tons, and used mol- 
ten iron from the ilmenite operation of 
Quebec Iron and Titanium Corp. Another 
iron powder plant under construction in 
Canada to produce 50,000 tons annually of 
a 99-plus-percent-pure product also was 
described.?? This plant is unique in that a 
hydro-metallurgical process will be used in 
the processing which involves the use of 
hydrochloric acid (HCl) to dissolve iron 
materials. Ferrous chloride (FeClz) formed 
by the reaction is reduced by hydrogen to 
give purified iron powder. 

A resumé describing different methods of 
producing iron powders and finished prod- 
ucts was presented by the staff of Metal 
Bulletin, who estimated capacity of major 
free world producers at about 700,000 
tons.28 Iron powder producers expect the 
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advance of technology, including hot re- 
forming, to continue and the products 
formed from iron powder by the improved 
methods to become more competitive in 
the production of castings, especially where 
machining can be a major cost factor. 

Pollution.—All iron and steel operations 
were involved with the application of tech- 
nology to meet increasing pollution stand- 
ards being established by the Federal and 
local governments. Total authorized ex- 
penditures for pollution control in 1969 
by the steel industry were estimated at 
$327 million, about evenly divided between 
equipment for air and water pollution 
controls. Armco Steel had two grants from 
the Federal Water Quality Administration 
to test water cleaning methods developed 
by the company. The National Society of 
Professional Engineers selected Armco's air 
and water pollution control project at its 
Middletown works as one of the outstand- 
ing engineering achievements of 1969. Ex. 
penditures for this project totaled $39 mil- 
lion. 

Pollution control was a factor in the 
actual and planned conversion of many 
foundries from cupola to electric furnace 
operation; also in the accelerated change- 
over by larger steelmakers from open 
hearths to electric arc or basic oxygen fur- 
naces which are more adaptable to control 
measures. 

The AISI reported that it had at least 
seven committees working on air and 
water pollution problems, including two 
primarily concerned with employees health. 

Several AISI-sponsored research projects 
were active, including design of equipment 
to minimize air pollution. 

Research.—Research by the Bureau of 
Mines in 1969 included projects on contin- 
uous steelmaking, evaluation of variables 
in oxygen steelmaking, and the production 
of foundry iron from auto scrap. 

?3 Fairhurst, W. mE E. Wilson. High-Strength 
Steels Assume Key Role in Underwater Research 
Vehicles. Steel T imes, v. 197, 
1969, pp. 597—600 

> Burns, R. S. High Strength Steels. Blast 
Furnace and Steel Plant, v. 57, No. 4, April 1969, 
pp. 296-304. 

25 Phelps, E. H., R. T. Jones, and H. P. Leckie. 
A Review of the Application of Stainless Steels in 
Desalination EE J. of Electrochemical 
Society, v. 116, 6, June 1969, pp. 213C-217C. 


* Production Zo High Compressibility Iron 
1 Metallurgia, v. 79, No. 471, January 1969, 


No. 9, September 


p. 
27 Peace River Iron Powder Plant in Ontario. 
M Times, v. 197, 6, June 1969, pp. 423- 


2 Iron Powder in Perspective. Metal Bulletin, 
No. 5384, Mar. 21, 1969, pp. 1-15 
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A number of new developments were re- 
ported by research departments of various 
steel companies. These included an elec- 
tron-beam welding technique to produce 
stainless steel tubing by Republic, which 
was said to bDe several times faster than 
conventional methods and a system by U.S. 
Steel for applying oil in place of water to 
hot strip mill rolls, which reduces roll wear 
as well as producing an improved product. 
New products developed included a vapor- 
deposited zinc-coated steel and new stain- 
less steels with improved machinability by 
Republic, high-strength low-alloy titanium 
steel by Youngstown, low-nickel alloy steels 
by Armco, and high-strength galvanized 
sheet with improved ductility by Inland. 
Lukens dedicated a new $1-million re- 
search center and library. 

Twenty-five U.S. and Canadian steelmak- 
ers joined in sponsoring a $360,000 study 
on energy use by the industry, to include 
all phases of iron and steelmaking and 
which was to project usage through 1985. 
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Table 2.—Pig iron produced and 
shipped in the United States, in 1969, 
by States 


(Thousand short tons and thousand dollars) 


Shipped from 
furnaces 


State Produc- ———————————— 
tion Quantity Value 

Alabama 4,894 4,992 $282,448 

Illinois 7,134 7,262 414,891 

Indian 12,680 12,679 747,951 

Goo 2 ole 16,878 16,988 1,045,031 

Pennsylvania......... 22,335 22,379 1,292,187 
California, Colorado, 

Utah... a as au. 5,081 5,059 305, 874 


Kentucky, Maryland, 


Texas, West Virginia 12,067 12, 073 697, 423 
Michigan, Minnesota.. 7,642 7, 636 427, 075 
New York. .......... 6,941 6,404 365, 885 

Total 11 95,003 95,472 5,578,759 


! Data may not add to totals shown because of 
independent rounding. 

Table 3.—Foreign iron ore and 
manganiferous iron ore consumed in 
manufacturing pig iron in the 
United States, by source of ore 
(Thousand short tons) 


Source 19681 1969 2 

ieee ut ou zc ek 383 477 
Cann 8 2,373 1,487 
CHG secant ee a ee 592 1,155 
Fert- Soest EEN 104 9 
Venezuela....................- 4,851 4,882 
Other countries 2,814 3,272 
Tot 2------------ 11,116 11,282 

r Revised. 


1 Excludes 19,550 tons used in making agglomerates. 

2 Excludes 22,455 tons used in making agglomerates. 

3 Data may not add to totals shown because of 
independent rounding. 


Table 4.—Pig iron shipped from blast furnaces in the United States, by grades 1 


(Thousand short tons and thousand dollars) 


1968 1969 
Grade Value Value 
Average Average 
Quantity Total perton Quantity Total per ton 
Foundry. aa- 2222an 1,611 $90,578 $56.22 2,380 $185,888 $57.10 
Basic; 2.2. h my a NE 83,560 4, 756, 441 56.92 89,580 5, 237, 698 58.47 
Besseme r 1,496 4,889 56.74 1,228 72,075 58.69 
Low- phosphorou s 177 10, 364 58. 55 147 8,885 60.44 
Malleable.... ..............-.-- 1,880 105,156 55.93 1,730 100,536 58.11 
All other (not ferroalloys) 361 20,389 56.48 407 23,677 58.17 
Totaül?:.2:- 2 A 8 89,085 5, 067, 817 56.89 95,472 5,578,759 58.43 


! Includes pig iron transferred directly to steel furnaces at same site. 
? Data may not add to totals shown because of independent rounding. 
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Table 5.—Number of blast furnaces (including ferroalloy blast furnaces) 
in the United States, by States 


Januafy 1, 1969 January 1, 1970 


State In Out of In Out of 
blast blast Total blast blast Total 

RT ⁵ ⁵ꝛ˙ð?B ⁵ꝛði m Add eee ZS 9 9 18 12 7 19 
ie TS ee ee d re m i bee S S 4 Lu 4 4 Ee A 
Sir,, a a a 4 e 4 4 28 4 
III colos ee ee 13 5 18 14 4 18 
% / ³˙—i t ð - Ds S 20 4 24 21 4 25 
Fü ⁵ð—jſĩ ⁵²⁵²¼¼ö km c. 2 1 3 2 1 3 
% ͤ u add ͥ d 8 7 3 10 8 2 10 
Mei)iiin. ee ee 8 1 9 9 SP 9 
MinDeB0tH EE 1 1 2 1 1 2 
New York u u y dow ³·³V AAA c au uud ass 12 8 15 12 8 15 
Oh a e core ua dA at t 8 27 20 47 81 15 46 
Pennsylvania˖dznngzndmmm ..... 1... ee 85 23 58 41 15 56 
Penne EE E EE 3 9 ANE 9 3 
Tora GE a e re Etui Sm 2 m 2 2 Le 2 
Jõöĩ¹ð56·6⁵ ͥ ... i...... NOTAE 2 3 2 3 
e ði i d 8 4 Le 4 4 m 4 
Ol À cu ny ps Ee 150 74 224 167 56 223 

Ferroalloy blast furnace s. „ 2 6 2 3 
Grand tot l... y asia 154 76 230 169 59 228 


Source: American Iron and Steel Institute. 
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Table 7.—Steel production in the United States, by type of furnace 1 
(Thousand short tons) 
Open hearth Basic 
Year Bessemer oxygen Electric Total 

Basic Acid process 
1965.2 2 ZZ I 8 93,866 327 586 22,879 18,804 131,462 
I.... A 84,804 221: 278 33,928 14,870 134,101 
Eeer 70,550 140 (2) 41,434 15,089 127,218 
19608 M RM 65, 836 (2) (2) 48,812 16,814 131,462 
e ß 60, 894 (2) — ------ 60,236 20,132 141,262 


! Excludes castings produced in foundries not covered by AISI. 


? Included with basic open hearth. 
Source: American Iron and Steel Institute. 


Table 8.—Metalliferous materials consumed in steel furnaces in the United States 
(Thousand short tons) 


Iron Ore 
Year 

Domestic Foreign 
/ ¹˙¹wmꝛ² oe ee 1,818 4,400 
kr EE 1,348 8,768 
1967 w-ͤüſ AE 954 2,905 
1968 cue EE 958 2,514 
1969.1 ose sss Zt 710 2,121 

r Revised. 


Agglomerates Pig Ferro- Iron and 
iron alloys 1 steel 
Domestic Foreign scrap 
1,061 418 81,040 1,898 68 , 272 
870 348 83,947 1,915 68,778 
600 378 80,404 1,818 65,027 
684 337 r 79,948 r 1,676 67,281 
487 512 84,187 1,775 74,343 


1 Includes ferromanganese, spiegeleisen, silicomanganese, manganese metal, ferrosilicon, ferrochromium 


alloys, and ferromolybdenum. 


Table 9.—Consumption of pig iron 1 in 
the United States, by type of furnace 


1969 
Type of furnace 

or equipment Thousand Percent 

short tons of total 
Open hearth. ..............- 87,447 43.0 
Basic oxygen converter...... 46 , 408 53.2 
Electric...................- 332 .4 
po!!! EI ELE 2,911 3.3 
PA EE d uL 9 .1 
Oh. L es ie S s. q ewe 
Total: ccce 87,193 100.0 


1 Excludes molten pig iron used for ingot molds and 
direct castings. 

2 Includes vacuum melting furnaces and miscel- 
laneous melting processes. 


Table 10.—Average value of pig iron at 
blast furnaces in the United States, 


by States 
(Per short ton) 
State 1969 
A 5 2. ee LC $56.58 
California, Colorado, Uta 60.46 
Hin 8 57.13 
I ĩðVũi y 58.99 
New York- 2.222222 rms 57.13 
i 8 61.52 
Pennsylvania 57.74 
Other States _ 22222222222 LL 22... - 57.05 
Average. . . 58.43 


1Includes Kentucky, Maryland, Michigan, Min- 
nesota, Texas, and West Virginia. 


Table 11.—Consumption of pig iron 1 
in the United States, by States 
(Thousand short tons) 


State 1969 

TT EE eec em cel 4,274 
nen 8 2,967 
Colorado nee 
Connecticut. ....... l l. S Sus e 20 
Deeds 8 W 
Florida- soes ³%Üꝛm˙ S A ecc ulus SS W 
SECHER ARIS 10 
RK, ET EE usos u e tai 7,218 
ieh. 8 12, 863 
TOWS ]è .. ee ee 2 s 
E ansas- su 8 
Kentucky l. uru 8 W 
Louisiana.. ewe 8 W 
Malle. ͥ eh er 8 W 
Maryland uo ⁰Mwmd W 
Massachusetts.. 27 
Michigae n 7,751 
Minnesota aa 484 
Mill é 20 
Marr oe ð ⁵⁰⁰ ee (2) 
Nebfask8.-. uum m ĩð2L ĩðͤ es W 
Nevada. c. ß E W 
New Hampshire W 
New Jersey.. l. l... .. 70 
OT, dd EEN 5,965 
North Carolina 
OhlO 5.5526 . ud See oe u ui 16,074 
Oklahoma aere Se 
8§G§Jꝓé TZ ĩ 8 
Pennsylvania 23, 247 
Rhode Island 1 
South Carolina.. W 
Penneseee e 184 
77 ³⁰· . DQ au us 202 
M f]³¹ð¹wꝛ1AA³Üdb it ⁰ͤm ‚ Gh =a t Su oss W 
;;; ri buy haa m a s 7 
ek Al eh )!! 8 W 
Washington W 
Wisconsin 164 
Un distributed 13, 636 

P/! ³ow--- u tm h 94,635 


W Withheld to avoid disclosing individual company 
confidential data, included in “Undistributed.” 

1 Includes molten pig iron used for ingot molds and 
direct castings. 

? Less than l4 unit. 
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Table 12.—U.S. exports of major iron and steel products 
1968 1969 
Products Value Value 
Short tons (thou- Short tons (thou- 
sands) sands) 
SEMIMANUFACTURED 
Ingots and other primary forms: 
Puddled bars and pilings, blocks, lump and other primary 
forms of iron or steel, n. e .- 4,462 $729 8,643 $1,015 
Blooms, billets, ingots, slabs, sheet bars and roughly forged 
I ³ð ⁵ᷣͤuw.ge ß iS 551,708 48,201 1,810,490 142, 767 
Coils for rerollng. 50,432 26,987 421,531 61,911 
Blanks for tubes and pipes, iron or steel. 2, 095 241 12,159 1,400 
TOU. en ocu 7⅛5Ä.. EE 608,697 76,158 2,252,823 207,093 
Bars, rods, angles, shapes and sections: 
Wire rods POPMA ] 12,317 2,316 95,498 16,008 
Bars, rods, and hollow-drill steel.. 100,200 28,251 215,674 51,797 
Concrete reinforcing (C•ÄÄÜ⁰r⁴iÜÜU ²˙». ⁰=Z ee 26,097 8,903 86,762 11,592 
Angles, shapes and sections 121,899 20,757 170,424 29,261 
Plates and sheets 
Steel pt” see mede eds 15,584 7,878 25,441 12, 603 
Steel sheets___ 8 273,043 49,486 1,040,881 146,923 
Black Plate sz: cols a Acti e oL E Shu 27,867 8,097 49,728 „789 
Iron and steel plates, n.e.c. e 209,269 48,628 403,715 66,152 
Tinplate and terneplatekt 293,265 44,550 339,606 52,264 
Tinplate circles, cobbles, strip and scroll 15,267 1,405 26,080 2,577 
Hor: ee ee eee dee oe 56,022 26, 456 100,595 38,160 
OC mc" 1,150,830 231,727 2,558,899 484,121 
MANUFACTURES 
Rails, and railway track material... 89,526 16,660 73,136 12,995 
DNC Mcr m ah clr os SS i ee T" 63,710 28,960 85,227 37,518 
Cast-iron pressure pipe, soil pipe and fitting 49,098 13,320 32,419 9,340 
Steel tube and pipe fittings, union and flanges 29,922 41,138 29,985 46,105 
Malleable iron tube and pipe fittings, n. e. 1,440 1,771 2,087 2,290 
Electrical conduit fittings of iron or steel. 12,123 6,806 12,317 7,965 
Iron tube and pipe fittings, n.e.c.__.----------------------- 6,650 8,562 7,191 10,562 
Seamless tubes and pipe 228,877 88,999 251,996 99,285 
Welded, clinched or riveted tubes and pipe 93,738 29,121 73,767 28,992 
Castings Merk y 125,131 63, 438 137,454 67,824 
/õÄ§ĩ; md a me e EE 700,215 293,775 705,579 322,826 
Grand total cot. toe ee ie lt n used Ede 2,459,742 601,660 5,512,301 964,040 
Table 13.—U.S. imports for consumption of pig iron, by countries 
1967 1968. 1969 
Country Value Value Value 
Short tons (thou- Shorttons (thou- Short tons (thou- 
sands) sands sands) 
Australa P d 8 674 $31 
B ² -( y 8 33,240 $978 ix Zeta 
Canada õ§˙—ðo in!. ee Bile rd uS 408,066 $20,821 416,888 18,043 295,076 14,449 
Finland... . eo ele 83,617 1,244 77,762 658 69,843 2,422 
Germany 
ori A ——" EE 49,700 / soe Kasus. liebe ci 
Wet. cc 4e ei 8 41,947 1,646 107,704 13,961 38,164 1,504 
Méx TC ucc mn kd o 28 Zꝗ—VI5ꝗmÄ .. d piece 
Netherlands 9,869 381 r 330 DID. 24 525! ino 
NOIPWaV 2:2 ß LE e See 10,900 399 61,616 2,087 2,811 107 
Rhodesia, Southern 22,400 Bd” EE 
SDAIR- 2220 cese ͤ x . 8 21,221 TAL. cole we dos 
9 EE 1,922 137 r41,219 1,252 
United Kingdom- „ 7,075 335 26,424 N aob Sinni 
Venezuela_____ ee on dees eee 8 19,710 / · ·¹¹AA . owes Wess LEY 
Total. ud no é 605, 234 27,599 785,899 30,481 406,568 18,513 
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Table 14.—U.S. imports for consumption of major iron and steel products 


Products 


Iron products: 
Cast iron pipes, tubes and fitting 
Bars of wrought iron 


% ³˙¹¹AA.²¹³ͥ% ͥ A 


Iron and steel products: 
Ingots, blooms, billets, slabs and sheet bars 
Bars of steel: 
Concrete reinforcing bars 
Other bars______ 8 
Plates and sheets: 
Black platte 
Steel plates- .---------------------------- 
Steel ebeetsa 2 c LLL c cll Lll lll. 
Plates, sheets and strip of iron or steel. 
Strip of iron or steel.. --.-------------------- 
Hollow drill steel 


Sheet iii b 
Pipes, tubes and fitting 
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1968 


1969 


Value Value 
Short tons (thousands) Short tons (thousands) 


89,064 
478 


39,542 


298,678 


789, 756 
r 975,244 


6,669 
1,779,449 
6,359,405 

985,484 
90,961 

8,708 

bar Ne 


,04 
1,653,209 


Angles, shapes and sections ꝙA2à24ww r 2,194,028 
Tinplate and terneplate. ..------------------- 27, 663 
Rails and railway track material... 34,216 
Me s at A uA 88 r 824,114 
Castings and forgings. ......................- 12,029 
C%///;ö§Äöêͤ! ⁵˙² irñ f x r 17, 853, 087 


Grand total... d Ren E RIO GE 


r 17,892,629 


$9,433 
173 
9,606 


42,959 


53,514 
r 108,078 


648 
159,840 
627 , 234 
188, 050 

28,878 
1,351 

r 150,534 
6,654 
256,955 
r 205,468 
39, 156 
3,105 

r 161,982 
5, 576 


34,395 
617 


35,012 
195,176 


470, 807 
903 , 756 


17,242 


r 1,989,377 18,983,804 
r 1,998,983 14,018,816 


$9,451 
153 
9,604 
37,514 


40,563 
119,510 


1,758,171 
1,767,775 


r Revised. 
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Table 15.—World production of pig iron (including ferroalloys), by countries 
(Thousand short tons) 


Country ! 1967 1968 1969 » 
North America: 
Canada: riu uuu ei %½⅛˙i m ]Ä.³ ES ee SUS 7,108 8,549 7,665 
Mexico (includes sponge iron 1,830 2,228 2,800 
Dnitedn sed oe ee ei ees r 89,589 91,888 97,598 
South America: 
.:: 20 a rid eL 686 660 671 
! /// ͤ ͤ ͤͤwÄ„VͥdſdſſddſVdſdddddddddFddddõͤ.. 8 8,485 8,771 4,150 
II ³˙iwꝛäꝛ. ˙²7•.. %ð : ĩðx d x LA a 560 49 
Colombia. ß e e S LIS Su 228 218 227 
/// ³·»⁰¹»wmͥ ͥ ea ⁰·ͥd y E Ea 34 122 194 
% ²˙”ͥ¹v¾ ³0M³³³ e a m; 8 465 594 573 
Weit 
(Te BEE r 2,363 2,733 e 2,980 
PU (BÜ⁰Üʃùͤᷣ . amu a E r 9,914 11,517 e 12,850 
B (al Sui aI ee EE 1,133 1,222 1,828 
Czechoslovakia... eee 7,520 7,628 7,766 
PF oe i SS ee . ee 83 83 e 90 
Finland E EE EE 1,121 1,145 1,281 
Ae EE 17,317 18,188 e 19, 600 
Germany 
TT EE 2,783 2,572 2,318 
NN õỹ eee eee ee 80,166 33 , 406 e 37,250 
El ³¹¹ ³ ⁰ r.... 1,840 1,806 1,944 
1J•öõÄ;è Ct ATUS pasak 8,040 8,627 8,577 
Luxembourg-_-..... ee cee eee wr: y eee dais 4,865 4,749 e 5,290 
Netherlands... dE ee eet ek ee eee AE 2,853 8,110 8,815 
NOPWEV$3... n ñ ñ ll Ld cu emere Ie 702 148 754 
Poll oco nen e DL AA dd D MN Lee er 7,254 7,539 7,747 
Portugal? e e Es. E AM NÉ 306 310 ° 860 
AER EE 2,707 8,298 8,883 
che e EE 8,047 8,170 8,776 
S8 ³ðã“ũ eee a i E xu kausa 2,604 2,751 2,752 
Switzerland E BEEN 26 24 28 
USSR exul Ee 82,466 86,862 90,000 
United Kihgdóm-.......-.1:2 casco ence decem 8 r 16,970 18,4038 e 18,840 
bre tr MENDA 1,297 1,418 1,420 
Africa: 
Algora t | cee kee bee ee eee ee ees M ILE 11 11 17 
larael aed d . eee oe, Series ME 40 40 40 
Rhodesia, Southern e... 220 220 220 
South Africa, Republic of. 4,177 4,546 4,801 
^ United Arab Republic e... „„ 240 220 220 
sia: 
China, mainland L 15, 400 20, 900 22,000 
DU c. sce ͤ³ ¹¹ ].. Lt ⁵ðↄV?²öͥĩ¹ä ᷣ ͤ ⁰y y 2 r 7,790 8,247 8,308 
J.))...“ ⁰ k y 45,227 52, 306 65,525 
Korea 
North é- tal ani ed E 1,930 2,200 2,480 
South õ;—³ê¹⁰Ü»u;ʒ;l . f dſdſuꝙßdsdkdsd/ũ/ũ x eee wee r 44 e 60 
Aert ee ele cmd izle SS ri E 20 70 70 
ON I wie Sw es his cs tie EECH 95 84 86 
Thallnd.. c hee Dole ae ok ⁰¶⁰d sue 7 19 12 
///ôö»ô r JZ ]ꝛ ³ 5 mt N E E 934 1,008 1,045 
Oceania: Aususlla EE r 5, 671 6,224 6,810 
J ⁵⅛»W⁴¹ ͥͥ ͥᷣ . buaya esa u OE sss r 892,618 425, 424 459, 697 


Estimate. p Preliminary. r Revised. 

1 Pig iron is also produced in the Congo (Kinshasa), North Vietnam, and a few other countries for which 
data are not available. 

2 Excluding ferroalloys. 

3 Excluding sponge iron. 

* U.S.S.R. in Asia included with U.S.S.R. in Europe. 

s Totals are of listed figures only. 
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Table 16.—World production of raw steel, 1 by countries 


(Thousand short tons) 
Country 1967 1968 1969 » 
North America: 
ADAM: JJ) a ⅛ A 88 9, 694 11,261 10,307 
jjb ⁵ðVi 88 8,378 8,621 8,825 
United Stato Ü ig Stele ian Cre 127,218 131, 462 141, , 262 
South America: 
Aeli... 1,462 1,718 1,871 
i . . E aE a E RA r4 4,105 4,909 5,407 
CI T SE E E ANE age ta I EE 696 628 713 
leen 278 282 290 
J qu "TTC 88 116 212 
Urúguay Etc 15 10 15 
e a e EANN NE r 761 949 926 
Europe 
JÄ—˙Ü˙.˙ w. 3,332 3,822 e 4,300 
Belgium. sao dd eu I M ED Q us 10,710 12,751 e 14,000 
Bulgaria u iu ulus EEN 1,366 1,610 e 1,670 
F hhhhyͥͥͥ ̃ ¼ ↄ ꝓꝓꝓæ⁵.... 11.025 11, 635 e 11,910 
Denmark: EEN 438 462 e 440 
Pinland DEEG r 453 772 1,048 
J ͥ ͥ ˙·————n 21, 666 22, 498 e 24, , 820 
Germany 
777 —á———— 88 r 5, 062 5, 175 5,817 
) oe ee eee eee 8 r 40,508 45,370 e 49,980 
P ; ⁰y wt md kmn kS ua u aaa 76 240 e 280 
EE oco tsk eege 3,019 3,200 8,847 
Ireland; 22 ß . ß d Mi E EB D s e 80 
// CDM PEE 17,516 18,699 18,109 
Et E EE 4,989 5,329 e 6,060 
Netherlands. o-oo eee eee ⁰ ⁰rʒ calle E r 3, 750 4, 086 5,195 
ta ¿Tu RR ERU EEN r 875 908 941 
Poland 337 cM E ⁵ 000000 ĩ i ERE 11,524 12,133 12,446 
Portugal. 2225 222-929 :...... é E M see r 855 945 e 410 
Rumania ccc OPES EE 4,505 5,287 6,107 
BOG MORET 5,064 5,532 6,559 
f ddp ß 5, 256 5,616 5,926 
5 "—"PO—————ÀÀ—nÓ(—— DEUS 489 499 558 
Gf ade cp d mt 8 112, 688 117,436 121,914 
United King GOM oso —————————— € 26 , 760 28,964 e 29,590 
ét TEE ELA RE 2,019 2,201 2,447 
Africa: 
KM E r 25 31 e 80 
Rhodesia, Southern 2.2... LL ee eee 150 150 150 
South Africa, Republic off r 4,340 4,685 5,823 
n n ñ ß SCR p OS 50 90 90 
in United Arab Republic 220 210 210 
ia: 
Burma to P E" ———— ————M—— — 20 20 20 
China, Mainland ᷑ĩ?;ĩ“˙ſſſfſſſ x d c 12,100 16,500 17,600 
I ³oWü0¹... ³ð³ ¾ é r 6,962 7,392 e 7,940 
1 ↄ.ä ä!ꝗ cFſ ðͤ—:... r ͤ mk us u ta ahua 80 100 120 
Ayer S NES 68,513 73, 736 91,434 
Korea 
/ ͥͥͥͥͥͥ‚‚ Fu V» ³ m 1,600 1,930 2,210 
ee 353 410 574 
JJ0%/%/%ö%ðĩ!' ⅛Üͤ dddddſ ĩ B ⁰⁰yttt n 20 60 60 
Pakistan er ² ²˙! ³˙ U ³ Sek i eee y kas Sana s 100 110 110 
JJ%%%%%%%S%%V%VV0V%/T%%S—ꝓ)VJJ%yJ%VyJ...0.ͥͤͤ ˙ wd D EE r 251 267 299 
NET WEE 8 6 4 
III ⁰ͤ ⁵³Üiſ ͤ é] rat Baye 1,164 1,222 1,290 
Oceania: ]]lllll ð - oe r 6,907 7,167 7,735 
C eet eeu K au s r 544, 100 583,626 638 , 431 


e Estimate. P Preliminary. r Revised. 

1 Steel formed in first solid state after melting suitable for further processing or sale. 

? Data from American Iron and Steel Institute. Excludes steel produced by foundries not reporting output 
to AISI but to Bureau of Census as follows: 1967—1,662; 1968—1,557; 1969— e 1,906; (in 1,000 tons). 

3 U.S.S.R. in Asia included with U.S.S.R. in Europe. 

* Excludes castings. 

s Steel was produced also in New Zealand, the Philippines, Singapore, North Vietnam, and a few other 
countries, but data are not available. 

* Totals are of listed figures only. 


Iron and Steel Scrap 


By Frank L. Fisher 


Strong demand for iron and steel scrap 
continued throughout the year and was 
evidenced by a record total of scrap 
reclaimed and consumed, a high volume of 
exports, and a substantial increase in 
scrap prices. Junk automobiles continued 
to be the major source of scrap iron and 
steel with one-third of the domestic supply 
of iron and steel resulting from this 
source. Among the noteworthy advances in 


. Scrap utilization were the more widespread 


use of metal shredding devices, especially 
for handling scrap automobiles, and the 
use of reconstituted steel chips by major 
consumers. The national inventory of 
junked vehicles, estimated at more than 20 
million units, continued to concern both 
industry and Government. To expedite the 
recycling of junked cars, five State legisla- 
tures considered enacting disposal fund 
bills. The State of Maryland passed a law 


in May which provides that the State will 
pay a $10 bounty to scrap processors for 
every car scrapped after July 1, 1970. 


Table 1.—Salient iron and steel scrap, 
and pig iron statistics in the United States 


(Thousand short tons and thousand dollars) 


1968 1969 
Stocks Dec. 31: 
Scrap at consumer plants 7,882 6,552 
Pig iron at consumer and 
supplier plants........ 2,842 1,728 
Total u 2 o. recens 10,224 8,275 
Consumption: 
07 EEEE E EES 87,060 94,816 
Pig iroůowtnn 89,953 94,685 
Exports: 
Scrap (excludes rerolling 
material) 6, 565 9,086 
UE $197,005 $291,856 


Imports for consumption: 

Scrap (includes tinplate and 
late geran). 294 885 
$11,325 $18,197 


AVAILABLE SUPPLY 


During 1969, iron and steel scrap con- 
sumers had 94.8 million short tons avail- 
able at their plants, an increase of nearly 
9 percent over the quantity available in 


1968. Home scrap constituted 59 percent of 
the total, and purchased scrap, 41 percent. 
In 1968, home scrap made up 61.5 percent 
and purchased scrap, 38.5 percent. 


CONSUMPTION 


Domestic scrap consumption reached an 
alltime high in 1969, as a record 94.8 mil- 
lion tons was consumed. The previous 
high of 91.5 million tons was consumed in 
1966. In 1968 consumption totaled 87.1 
million tons. Of the tonnage consumed in 


1969, manufacturers of steel ingots and 
castings took 76.6 million tons, or about 81 
percent. Iron foundries and miscellaneous 
users consumed 14.8 million tons, or nearly 
16 percent of the total; manufacturers of 
steel castings consumed the remainder. 


STOCKS 


On December 31, 1968, stocks of iron 
and steel scrap held by consumers were 
about 7.9 million short tons. Stocks grad- 


ually declined throughout the year to 
about 6.6 million tons on December 31. 


1 Physical scientist, Bureau of Mines, Minneap- 
olis, Minn. 
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Figure 1.—Metallics consumed— Total iron and steel scrap plus pig iron; Steelmaking 
metallics— Total iron and steel scrap plus pig iron consumed in steelmaking furnaces; 
Steel production (AISI); Receipts of purchased scrap by consumers. 


PRICES 


Scrap prices, which had been in general 
decline for 4 years, reversed the downward 
trend at the beginning of the year. Prices 
increased gradually through August, rose 
sharply in September, and dropped slightly 
in the fourth quarter before closing strong 
at yearend. The average composite price of 
No. 1 heavy melting scrap, the industry's 


prime grade, at the end of 1969 was 
$35.70, compared with $24.90 at the close 
of 1968. Higher prices resulted primarily 
from a strong demand for scrap iron and 
steel, especially in the United Kingdom 
and Japan. Higher world prices contrib- 
uted to the increase in domestic prices and 
also to the 9 million tons of iron and steel 
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scrap exported during the year. High 
prices also brought forth demands for a 
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scrap embargo, but at yearend no such 
action had been taken. 


FOREIGN TRADE 


A total of 9.3 million tons of scrap 
valued at $305 million was exported in 
1969, compared with 6.7 million tons 
valued at $202.8 million in 1968. Imports 
totaled 335,000 tons valued at $13.2 mil- 
lion. The result benefited the U.S. balance 
of payments by $292 million during the 
year. Nearly two-thirds of the total exports 
consisted of Nos. 1 and 2 heavy melting 
steel scrap. Japan obtained about 45 per- 
cent of the total, followed by Spain with 
about 12 percent. Canada provided nearly 
97 percent of the total U.S. imports. 

The United States was the major scrap 
exporting nation in 1969. The United 


Kingdom, which formerly exported signifi- 
cant quantities of scrap to Europe, stopped 
all exports in 1969. The U.S.S.R. exported 
an estimated 400,000 tons of scrap iron 
and steel during the year with the bulk 
going to Sweden, Japan and Western 
Europe. Spain became a major importer of 
scrap in 1969 with an annual requirement 
of 1.5 million tons, most of which must 
come from .the United States. The estab- 
lishment of an electric furnace industry in 
Northern Spain in 1969 has increased the 
country's normal demand by 800,000 tons 
annually. 


TECHNOLOGY 


Higher prices, emphasis on the junked 
automobile blight, and an announcement 
by General Motors Corporation that it had 
developed a method for reconstituting its 
plant scrap spurred the iron and steel 
scrap metal industry to focus its attention 
on more advanced applied technology. 

Several advancés were made in 1969 in 
the area of fragmentation of iron and steel 
scrap. This includes crushing, pulverizing, 
separating, and sizing equipment. One 
device, known as the nuggetizer, has a unit 
capacity of 30 tons of scrap per hour. A 
variety of shredders with a wide range of 
sizes were introduced during the year with 
tonnages ranging from 10-25 tph for small 
sizes to 80-100 tph for large installations. 

Research to close the technology gap 
impeding prompt and complete reuse of 
certain types of ferrous waste was in prog- 
ress at six Bureau of Mines research cen- 
ters throughout the year. Considerable 
interest was shown in a continuous proc- 
essing plant completed near yearend that 
will be capable of recovering major metal 
and mineral values, including iron, from 
incinerator residues. A low-cost way to 
avoid air pollution from open-air burning 
of junked automobiles has resulted from 
research at the  Bureau's Metallurgy 
Research Center in Salt Lake City, Utah. 
The incinerator used in the operation can 
efficiently process all the junked cars from 


a metropolitan area with a population of 
300,000. Cost of the incinerator, capable of 
processing 50 junked cars every 8 hours, is 
about $22,000. Once incinerated, the 
junked auto can be dismantled in the 
usual manner for its metal values and the 
iron and steel scrap sorted, baled, or bun- 
dled for sale or reuse. 

Intensive basic and applied research on 
the use of ferrous scrap as a reductant for 
nonmagnetic taconite ore continued at the 
Bureau's Twin Cities Metallurgy Research 
Center. Pilot plant studies of continuous 
electric furnace iron making and steelmak- 
ing using preheated comminuted scrap and 
prereduced iron ore were continued. Proj- 
ect plans include the production of syn- 
thetic pig iron from fragmented auto 
scrap. À pilot plant study to produce foun- 
dry pig iron in a basic cupola, using auto 
and low-grade ferrous scrap was underway 
during the year. Improved techniques to 
sample and produce high-grade iron ore 
pellets from steel furnace flue dust were 
begun in 1969. Considerable research effort 
was expended to develop physical and 
chemical methods for recovering a wide 
range of high-value nonferrous metals 
from ferrous, superalloy, and electronic 
scrap. A procedure was developed to sepa- 
rate nonmetallic material from nonferrous 
scrap in the auto shredder reject stream by 
an air-fluidizing technique. A comprehen- 
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sive analysis of economical dismantling 
procedures for typical junked cars contin- 
ued and a final report was published.2 
Other Bureau publications describing fer- 
rous scrap and related research were 
issued.3 
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research grant to the University of Wiscon- 
sin was made to determine exact tolerance 
levels of nonferrous metal contaminants in 
ferrous castings and steel. 


2 Dean, K. C. and J. W. Sterner. Dismantling a 
Typical Junk Automobile To Produce Quality 


scrap. We Rept. of Inv. 7350 ev 17 pp. 
rooks, P. T., D. A. Martin, an Potter. 
Chemical 5551 of Superalloy . Where 
Rept. of Inv. 7316, 1969, 28 pp. 

Hass, L. A., S. E. Khalafalla, and H. W. Kilau. 
Extraction of. Coppe r from Oxides Using Iron and 
Steel Scrap. Principles and Application to Pure 
Systems. BuMines Rept. of Inv. 7301, 1969, 13 pp. 


The Bureau's Solid Waste Contract and 
Grant Program, which supplements in- 
house research, had 12 grants in effect at 
nine academic institutions with a total 
funding of $578,807. A new $108,445 


Table 2.—Iron and steel scrap supply 1 available for consumption in 1969, by States 
(Thousand short tons) 


Total new New supply 

State Receipts Production supply Shipments? available for 

consumption 
Alabama..................- 1,804 2,021 8,825 296 8,529 
LEON e W W W 
Arkansas..................- W | — W 
California 1,518 1,880 2,898 117 2,776 
Colorado W W W W W 
Connecticut 100 68 168 7 161 
Delaware W W W W W 
Florida. W W W W W 
Georgia W W W 
Illinois 4,175 4,901 9,076 530 8,546 
Indiana. 8,760 8,500 12,260 1,288 10,972 
9 ³oW¹A 88 45 17 626 19 607 
RKanessss 68 41 109 (š) 109 
Kentucky...........-..---- W W W 
Louisiana W W W W W 
Maine... ----------------- W W W W W 
Maryland W W W W W 
Massachusetts 51 61 112 2 110 
Michigan 4,709 4,482 9,191 256 8,985 
Minnesota 267 245 512 11 501 
Mississippi W W Mee w 
isso uri 798 282 1,080 7 1,078 
Montana.............-.--.- W W W J—9 uc w 
Nebraska... --------------- W W W W 
Nevada... W. | ] Le W Á xz W 
New Hampshire.. W W CW .... w 
New Jergen d 576 149 725 19 706 
New York . 1,338 2,629 3,967 14 8,898 
North Carolina. 172 56 2228 228 
G ³˙»ĩ ² mcis 8,326 9, 566 17,892 1,474 16,418 
Oklahoma. ..........-.-..-- 205 52 257 256 
Oregon... re eer 150 203 196 
Pennsylvania 7,824 12, 540 20, 364 1,892 18,472 
Rhode Island. .............- W W 
South Carolina.............. W W W ...-- W 
Tennesse 294 190 484 12 472 
TOXYRB. —T—ö—! L 1. 840 1.587 3,427 178 3,249 

EE ee W 

Vermont ...-....---------- 15 9 24 (3) 24 
V JC W W W W 
Washington 426 150 576 14 562 
West Virginia W W W W W 
Iëeopnsin. 485 538 1,018 75 948 
Undistributed............... 4,932 6,617 10,949 471 10,478 
U.S. total 43,679 56,287 99,966 6,750 93, 216 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 

! New supply available for consumption is a net figure com T eaS by adding production to receipts and de- 
ducting scrap shipped, during the year. The plus or minus difference in stock levels at the beginning and end 
of year is not taken into consideration. 

2 Includes scrap shipped, transferred or otherwise disposed of during the year. 

3 Less than 500 tons 

4 Data may not add `to totals shown due to independent rounding. 
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Table 3.—Consumption of iron and steel scrap and pig iron 1 by States, 
by type of manufacturers in 1969 
(Thousand short tons) 
Steel ingots Iron foundries 
and castings 2 Steel castings? and miscellaneous Total * 
State users 
Scrap Pig Scrap Pig Scrap Pig Scrap Pig 
iron iron iron iron 

Alabama 2,479 8,599 136 (5) 984 675 8,599 4,274 
Arizona W |...... W 8 W icc W iix 
Arkansas............. .....-. L.....- W BEEN Lë W ------ 
California 2, 528 2,284 125 3 285 80 2,938 2,867 
Colorado. ............- W w W (5) W (5) W W 
Connecticut. N 3 (5) 88 20 159 20 
Delaware WW W W oL aa W w 
Florida. Wo £22525 Gess zd W W W W 
Georgia W aaea- W (5) W 10 W 10 
Illinois 7,175 6,814 497 18 1,262 391 8,934 7,218 
Indiana 10, 362 12, 668 162 1 798 194 11,817 12,863 
eege ð âꝛ m tente 58 iz 552 88 610 88 
Kapsis- l u uu eto, tees — GEL 87 (5) 22 8 109 3 
Kentucky...........- 1,284 W^ ases d 242 W 1,526 W 
ee uc ox ------ ------ 13 W ------ lot 18 W 
ltr., 8 res W W W W 
Maryland. ........... 8,243 w 25 E 98 W 8,366 W 
Massachusetts... nns. 9 (5) 101 27 110 27 
Michigan 5, 610 7,102 120 1 3,288 648 9,018 7,751 
Minnesota 338 446 54 1 89 37 481 484 
Mississippi „„ Las- om "t W. gei 
Missouri 849 1 120 1 95 18 1,058 20 
Mort 8 mud W (5) W (5) 
Nebraska. W W W ENT W W 
Nevada... l... l. ------ — ------ W WW Ss W W 
New Hampshire mu. W dun W w W W 
New Jersey 200 ` ...... 45 M. 419 70 714 70 
New York........-..- 8,118 5,869 158 12 708 84 8,974 5,965 
North Carolina W. 225225 ese pais w w W W 
Oh ioo 13, 856 15,401 445 31 2,247 642 16,548 16,074 
Oklahoma W — W (5) W W W W 
Oregon. 1999 60 (5) 9 1 208 1 
Pennsylvania 17,422 28,082 416 84 761 181 18,605 28,247 
Rhode Island. . ....... Me @20c28 ë wn e 50 10 127 10 
South Carolina... ..... ......  ------ ----- t 51 W 51 W 
Tennesse. 20 2 454 182 474 184 
Texas. 2,585 117 58 (5) 601 85 8,194 202 
DTCC ( katusi W W W w w w w w 
Mere eege aiea — em. sbs bx 29 7 28 7 
Ve, r Gerah — bd 174 W 459 W 633 w 
Washington........... 554 W 18 W 10 LES 582 W 
West Virginia 1,647 W 81 W 47 w 1,725 w 
Wisconsin............ 2.22.2 e 805 7 654 157 959 164 
Undistributed......... 8,109 18,379 208 4 449 268 8,766 18,636 

U.S. total 44. 76,641 90,761 8,342 113 14,833 3,761 94,816 94,685 
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W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 


1 Includes molten pig iron used for ingot molds and direct castings. 


2 Includes only those castings made by companies producing steel ingots. 
3 Excludes companies that produce both steel ingots and castings. 
4 Data may not add to totals shown due to independent rounding. 


s Less than Le unit. 
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Table 5.—Consumption of iron and steel scrap and pig iron 1 in the United States 
in 1969, by type of consumer and type of furnace or equipment 


Type of furnace or 
equipment 


Blast furnace 5. 


Basic oxygen converter . 
Open-hearth furnace..... 
Electric furnace. ........ 
Cupola furnace. - 
Air furnace. ...........- 
Other furnaces 7. 


U.S. total . 


1 Excludes molten pig iron used for ingot molds and direct castin 
? Includes only those castings made by companies producing ste 


(Thousand short tons) 


Manufacturers of Manufacturers Iron foundries 

steel ingots and of steel and miscellaneous 
castings ? castings ? users 

Scrap Pig Scrap Pig Scrap Pig 

iron iron iron 
4 119. goste- Ginan Aaa Guse ë AaneL 
19,828 46,400 %%% Au s 
30,252 37,397 454 50‚0‚ denas 
19, 575 218 2,466 42 1,767 77 
1,832 154 865 6 12,782 2,751 
82 6 57 14 121 72 
34) 1 i. 163 8 
76,641 84,178 8,342 113 14,833 2,908 


el ingots. 


š Excludes companies that produce both steel ingots and steel castings. 
4 Data may not add to totals shown due to independent rounding. 
5 Includes consumption in all blast furnaces producing pig iron 

6 Includes scrap and pig iron processed in metallurgical blast cupolas and used in oxygen converters. 
7 Includes vacuum melting furnaces and miscellaneous melting processes. 


Table 6.—Proportion of iron and steel 


scrap and pig iron used in furnaces 


in the United States 


(Percent) 
1969 
Type of furnace 
Scrap Pig iron 
Basic oxygen converter. 29.9 70.1 
Open-hearth furnace 45.1 54.9 
Electric furnace................. 98.6 1.4 
Cupola furnace. ...............- 88.7 16.3 
Air furnace .. 69.5 90.5 


Total all types * 


Scrap 


Table 7.—Receipts, production, consumption, shipments and stocks of iron and steel 


(Thousand short.tons) 


scrap and pig iron, by type of manufacturer, in 1969 


Manufacturers Manufacturers 


Iron foundries 


of steel ingots of steel and miscellaneous Total 
and castings ! castings ? users 
Scrap: 
Reset PFC 31.972 2,219 9,488 43,679 
Production 49,257 1,216 5,814 56,287 
Consumption 76, 641 8,942 14,838 94,816 
Shipments. .................- 6,078 17 498 6,750 
Stocks Dec. 31............... 5,413 270 869 6,552 
Pig iron: 
Recep: 5,128 109 3,712 8,949 
Production 98,567 |. Ü 2 98,567 
Consumption 90,761 113 3,761 94,685 
Shipments..................- 8,327 2 2 331 
Stocks Dec. 31___.. -------- 1,467 16 240 1,728 


1 Includes only those castings made by companies producing steel ingots. 
2 Excludes companies that produce both steel ingots and castings. 
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Table 8.—Consumer stocks, receipts, production, consumption, and shipments 
of iron and steel scrap in 1969, by grades 
(Thousand short tons) 


; Produc- Consump- Ship- Stocks 
Grades of scrap Receipts tion tion ments Dec. 81 
Carbon steel: 
Low phosphorous plate and punchings . 1,747 286 2,042 8 122 
Cut structural and plate 1,481 95 1,561 11 80 
No. 1 heavy melting steel 7,967 20,442 27,195 1,918 1,897 
No. 2 heavy melting steel 8,316 8,308 6,488 122 454 
No. 1 and electric furnace bundles 6,674 1,459 7,632 757 492 
No. 2 and all other bundles 3, 905 384 4,270 206 809 
Turnings and borig ggg 2,858 497 3,217 254 222 
Slag scrap (Fe content 1,327 2,474 3,761 60 109 
Shredded or fragmenti zee 79 809 — Lie 17 
All other carbon steel scrap. dz 5,601 13,417 17,863 1,572 1,015 
Stainless steel 610 724 1,189 156 188 
Alloy steel except stainless) 688 2,771 3, 295 126 408 
Cast iron (includes borings)...............- 6,162 9,806 14,395 1,426 1,246 
Other grades of 8crap..................-.-- 599 629 1,099 139 48 
jm) uu ul ol. TOREM 48,679 56,287 94,816 6,750 6,552 


1 Data may not add to totals shown due to independent rounding. 


Table 9.—Consumer stocks of iron and steel scrap, by grades, and pig iron, 
Dec. 31, 1969 by States 
(Thousand short tons) 


Carbon Alloy 
steel Stainless steel Cast iron Other Total Pig 
State (excludes steel (excludes (include grades scrap iron 
des stainless) borings) of scrap stocks 1 stocks 
rai 

Alabama............. 156 m" W 57 W 218 206 
Arizona El ae is “ne de wd Dea 
Arkansas W Ge Sieg ane Si Em 
California 141 1 2 40 1 185 22 
Colorado 26 (3) 1 4 1 82 w 
Connecticut. . 8 1 5 W 14 2 
Delaware W i W W a w = 
Florida W "^ d — ae W W 
Georgia W S zs zh W 1 
Illinois 552 6 21 58 1 688 66 
Indiana _.  . . 448 11 152 6 619 89 
to 42 (2) W 4 1 47 2 
Kansas 8 a 2s W PN W 
Kentucky. . T4 1 16 10 e 101 W 
Louisiana. W BS il t W W 
Maine (2) == s w - W W 
Maryland 104 13 15 28 W 155 w 
Massachusetts — W 2 "e 5 2 
Michigan............. 223 19 1 116 2 861 182 
Minnesota 69 z W 11 W 80 10 
Mississippi. .......... a eae E W zum 
Missouri. 158 (2) 3 17 4 182 7 
Montana Keng S mS ee W W ud 
Nebraska = E Se W P W W 
Nevada (2) d SMS W Se W W 
New Hampshire W S Se E SE w o 
New Jersey..........- 31 (2) 8 23 57 6 
New York............ 267 82 12 102 413 808 
North Carolina ae ae ES 8 
lü.--coa- zia uin 717 12 84 136 4 958 497 
Oklahoma Em Ge W m W 2 
Oregon. 16 3 1 W SE 20 W 
Pennsylvania 1,038 88 208 858 22 1,654 805 
Rhode Island. W SE W W = W 1 
South Carolina........ (2) M Eu 1 * 1 W 
Tennesse 5 W 6 1 12 6 
Texas 220 (2) 12 54 W 286 17 
Uta. W Ser W W 22 w W 
Vermont 1 ES — 1 22 2 1 
Virginia 12 5 w 8 A 25 w 
Washington........... 62 (2) 8 8 1 74 1 
West Virginia 83 EN 8 5 W 91 4 
Wisconsin...........- 22 (2) W 10 1 83 82 
Undistributed......... 258 = 6 35 3 296 51 
U.S. total 114 4,717 138 403 1,246 48 6,552 1,723 


W Withheld to avoid disclosing individual company confidential data, included in Undistributed.“ 
1 Data may not add to totals shown due to independent rounding. 
? Less than 14 unit. 
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Table 10.—Stocks of iron and steel scrap 
and pig iron at major consuming 
industries’ plants Dec. 31 
(Thousand short tons) 


Manu- Iron 
facturers Manu- foundries 
Year of steel facturers and Total 


ingots of steel miscel- 
and castings laneous 


castings users 
Scrap stocks: 
19688 6,691 346 845 7,882 
1969 5,413 270 869 6, 552 
Pig iron stocks: 
968______ 2,028 22 292 2,842 
1969 1,467 16 240 1,723 


Table 11.—Average monthly price and composite price for No. 1 heavy 
melting scrap in 1969 
(Per long ton) 


Month Chicago Pittsburgh Philadelphia Composite price ! 
JADnUSPy.. clle Vr 88 326. 50 $28.25 $27 .00 $27 .25 
Rebusarg. -222-22 28.00 29.50 26.50 28.00 
March... . my 26.70 26.90 26.50 26.70 
April... Ss ee EE eeu A 26.75 26.75 26.50 26.67 
JJJCͤÜ·¹.bbͤ ⁵²¹- cec ͤ K dees E 30.75 29. 50 27.25 29. 16 
DUNG ĩ·0 A 29.90 29.70 29.80 29. 68 
ne ß a Sua 29. 00 31. 00 30. 25 30.17 
RTE 82.50 88.50 82.50 82.84 
Septembe rr 84.30 36.90 36. 30 85.83 
October 30. 75 34. 00 37.25 34. 00 
November. 30. 00 83.50 87.00 83.50 
ecember.........-.___._.._____-.-- 85.10 84.50 37.50 85.70 
Average: 
„ 1.32005 DOS EU US 80.02 81.16 81.15 80.78 
1968.5. 5-6 e ere ĩ 24.57 26.67 26.830 25.85 


1 Composite price, Chicago, Pittsburgh, Philadelphia. 
Source: Iron Age, Jan. 1, 1970. 


Table 12.—U.S. exports of iron and steel scrap, by countries 


Iron and steel scrap including Rerolling material 
tinplate and terneplate scrap 
Destination 1968 1969 1968 1969 
Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (t hou- tons (thou 
sands) sands) sands) sands) 
Australia 49 32 694 JJ;ͤð Ves ]ð e 8 
Belgium- Luxembourg 20, 574 769 33,092 1ͤ edane 8 
anada...............- 523,442 12,106 618,758 15,306 142 $27 117 $8 
Colombia. 5,214 174 7,011 2 seess. •„“»?““d, 
9J7JJVà˙ SSS 14, 820 1,634 47,286 2 NOT. Souls exce etek. fo 
Germany, West. 57,857 2,952 92,963 5,345 , ex tess 85 5 
ree cc 9,150 I94 - asea ĩ ̃ ̃ ̃ↄ¶ ?˙¾ ë gawem3 cease, wees. Ganse 
Hong Kong 8,081 546 12,849 B91- wee nne SSES ete 
Mp e 728,615 20,868 878,767 25,782 — — 25,458 2,220 
nnn. ĩ S 3,386,515 92,223 4, 204, 090 126,255 9,937 849 15,041 588 
Korea, Republic of 804,181 10,008 558 , 008 20,846 100,819 4,729 178,684 8,818 
Mexico 528,289 18,074 583,359 20, 261 9,470 447 22,027 1, 103 
Netherlands 4,634 255 8,61 320 ³ a — mesa Ghi wocee 
akisatan. 22, 068 / ̃ ↄ « ⁵ Fͥũp dee DESEA nsu. 
Peru... o z ⁵³ĩ A 5,789 234 8,388 17 A NEE 
Philippines 19,108 451 20,0837 J AA 
CCC 857,398 7,664 1,108,697 30,150  ..... ....- | ....-  ....- 
Sweden 104,768 16, 068 ,000.. ., opensa ` ` Se 
aiwan...............- 195,093 5,386 114,869 4,507 6,641 298 8,285 156 
Thailand. .............- 47,081 1,323 60,741 1,950. | Lll Gee 11,969 707 
Turkey 77,917 1,940 79,145 / AAA Ga; — i2 
United Arab Republic. 29,888 668 27,128 6089: tee, Wacan — ue | eee 
United Kingdom 2,657 268 809,824 10,5114 eee, ile cate 
Venezuela.............. 29,818 789 57,806 1,088  _ l... ....- 2,041 65 
Vugosla via 69, 586 1,889 11,040 ADU. Jauss nasus 
Other... A 12,477 680 9,225 Pͤ A 8 


Not!... 2 6,665,049 197,005 9,085,961 291,856 127,009 5,844 258,647 13,170 
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Table 13.—U.S. exports and imports for consumption of iron and steel scrap by classes 
(Thousand short tons and thousand dollars) 


1968 1969 
Class — — OW 
Quantity Value Quantity Value 

Exports: | 
Nos. 1 and 2 heavy melting steel scrap. ....... 8,265 592, 670 4,461 5144, 406 
Nos. 1 and 2 baled steel geran 1,239 26,150 1,631 41,717 
Borings, shovelings, and turning 439 8,359 767 18,135 
Fer ; E EE 416 10,868 627 20,481 
Rerolling material. _._.......--_------------ 127 5,844 254 13,170 
Other steel scrap (terneplated and tinplated)... 1,206 58,958 1,550 72,117 
% —— — e. 6,692 202,849 9,290 805,026 

Imports: 

Iron and steel scrap. ..........-............- 216 10,784 811 12,280 
Tinplate EE 18 541 24 917 
P ⁰˙¹¾⅛]?ẽ aA 294 11,325 835 13,197 


Table 14.—U.S. imports for consumption of iron and steel scrap, by. countries 


1968 1969 
Country —— — — ( —  —_ 
Short tons Value Short tons Value 
(thousands) (thousands) 

Australia__________ l... 22 $7 MA Benes 
KI e GE E Ke 115 $63 
Belgium-Luxembourg. .................- 1,961 501 cs d 
Canadas u Ee 279, 404 9,781 324, 562 11,198 
Dominican Republic...................- ee EH 501 10 
French West Indies 2,148 69 786 25 
Germany, Wes nn 1, 655 60 4, 644 991 
. K duas ua E 1 6 50 88 

Lt 1,115 810 EN SE 
CT EEN 11 5 1,047 276 
Korea. Republic ff ad — 56 14 
Mexico- EEN 764 74 440 155 
Netherlands m siete 32 22 
OPWSV. o UL ose ced 8 822 28 ae 
Sweden___ O f en ee 286 6 2,107 152 
OBEN Kingdom. nnn 5,996 899 676 250 
Se 80 19 183 8 


/ ———— IM 294, 225 11, 825 335, 199 18, 197 


Iron Oxide Pigments 


By Frank L. Fisher 1 


The quantity and value of crude iron 
oxide pigments sold or used declined in 
1969; however, the quantity and value of 
finished pigments sold increased, with 12 
companies reporting a total production of 


142,900 short tons valued at $32.3 million. 
The value and volume of both exports 
and imports increased in 1969, with West 
Germany the major source of imports and 
Canada receiving the bulk of the exports. 


DOMESTIC PRODUCTION 


Production and consumption of crude 
iron oxide pigments declined in 1969. 
Eight companies in nine States reported 
production of crude iron oxide pigments; 
Cleveland-Cliffs Iron Co. in Michigan was 
the largest producer. Twelve companies 


produced finished iron oxide pigments 
from 18 plants in nine States. Charles 
Pfizer & Co., Inc, with plants in Illinois, 
Pennsylvania, and California, was the 
major producer of finished iron oxide pig- 
ments. 


Table 1.—Salient iron oxide pigments statistics in the United States 


1965 1966 1967 1968 1969 
Mine production short tons. 57,000 68 , 200 89 ,900 57,600 40,600 
Crude pigments sold or used do 56,200 63,900 41,800 57,600 40,800 
f. ee exem wes thousands 3419 3476 $326 $457 $362 
Finished pigments sold short tons.. 127,500 180,700 127,800 182 , 400 142 ,900 
Value iin thousands. $23,549 $24,841 $26 , 720 $30,676 $32,289 
EXpDOHMS.. cades Mb mESNC short tons 4,700 4,800 8,100 8,800 4,000 
Varrel thousands.. $1,380 31,307 31,312 31,257 $1,439 
Imports for consumption short tons.. 17, 800 24, 600 23, 400 29, 900 88,400 
Mus thousands $2,165 $3,168 $3,208 $4,117 $5,044 


CONSUMPTION AND USES 


The total quantity of crude pigments 
sold or used dropped approximately 29 
percent to 40,800 'short tons. For the 
second consecutive year, sales of finished 
iron oxide pigments reached a record high 
with a reported 142,900 short tons sold, 
representing an 8-percent gain over the 
previous year. The total value was $32.3 
million for finished pigments and $362,000 
for crude iron oxide pigments. Pure syn- 
thetic iron oxide pigments found increased 
use in ferrite production where the ferrite 


applications include use in a wide variety 
of electrical and electronic devices such as 
computers, magnetic switches, microwave 
equipment, and other electrical hardware. 

Data are not collected by the Bureau of 
Mines on specific uses of iron oxide pig- 
ments, and the figures given in table 2 do 
not necessarily reflect all sales of iron 
oxide pigment material] except for that 
material used as pigments. 


1Physical scientist, Bureau of Mines, Minneap- 
olis, Minn. 


613 


614 


MINERALS YEARBOOK, 1969 


Table 2.—Finished iron oxide pigments sold by processors in the United States, 


by kinds 
1968 1969 
Pigment 
Short tons Value ! Short tons Value! 
(thousands) (thousands) 
Natural: 
Brown: 
Iron oxide (metallic) 222. 14,245 32, 558 15,240 $2,419 
Umbers: 
Büt ee 8 8,877 849 4,341 970 
J ˙¹ 8 1,063 231 1,192 270 
Red: 
Iron oxide 28,199 1,607 36,301 2,245 
Sienna, burn 896 818 1,035 377 
Pyrite cinder................-.- 3,949 262 (3) (3) 
Yellow: 
Gel ˙¹ hnb anaana 4, 759 275 5,527 379 
Sienna, ra) 689 194 60 188 
Total natural.____ 57, 627 6,294 64,236 6,848 
Manufactured: 
Black: Magnetic 8,560 1,185 8,527 1,196 
EE Iron ode .--------------- 6,177 8,622 7,163 4,110 
ed: 
Pure red iron oxides: 
Calcined copperas. ......... 18,910 5,604 18,558 5,609 
Other chemical processes 5. . _ 14,838 4,111 14,322 8,909 
Venetian red 594 99 603 110 
Yellow: Iron oxid 25,670 7,455 26,334 7,908 
Total manufactured. ............- 69,749 22,076 70,507 22, 838 
Unspecified including mixtures of natural 
and manufactured red iron oxides _ __ 5,007 2, 306 8,150 2, 603 
Grand total. _------------------ 132,883 30,676 142,893 32,289 


1 Data may not add to totals shown because of independent rounding. 


? Includes black magnetite and vandyke brown. 

3 Pyrite cinder included with red iron oxide for 1969. 
4 Includes yellow iron oxide. 

5 Includes other manufactured red iron oxide. 


PRICES 


Price increases for most iron oxide pig- 
ments were announced in April and 
became effective May 1. The increases were 
attributed to strong demand for domestic 
pigments plus a world-wide shortage that 


resulted in higher prices for imports. The 
high price of imported synthetics had a 
definite impact on the increased domestic 
price. Several selected specialty items were 
not subject to the higher price quotations. 


Table 3.—Prices quoted on finished iron oxide pigments, per pound, in bags, 
unless otherwise noted, as of December 31, 1969 


Pigment Low High Pigment Low High 
Black: Red: I 
EE $0.1650 $0.1675 Domestic primers..........- $0.0700 50.0750 
Synthetic... ...........-.- . 1300 . 1325 Persian Gulf !___ .......- .1000 .1200 
Brown: Pure synthetic 1500 1600 
Pure, synthetic .1775 1800 Spanish, docks, New York 1. 0750 0850 
Metallic. `. -------------- .0700 0750 Sienna, American, burnt.... 1725 1825 
Umber, American, burnt 1. . 0975 1075 Yellow: 
Umber, American, raw i. . 0975 1075 Ocher, domeatie ` 0425 0425 
Vandyke, American 1 1100 1200 Ocher, French type. ........ 0900 1100 
Sienna, American, burnt 1. 1725 1825 Pure, light lemon 1450 1525 
Other shades 1111. 1875 1425 


1 Barrels. 


Source: Oil, Paint and Drug Reporter, American Paint Journal, and pigment processors. 


IRON OXIDE 


FOREIGN 


Exports of iron oxide pigments from the 
United States went to more than 40 coun- 
tries in 1969 with total shipments of 
approximately 4,000 tons valued at $1.4 
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TRADE 


million. Canada received nearly one-half of 
the total exported with Australia, West 
Germany, and the United Kingdom receiv- 
ing over 200 tons each. 


Table 4.—U.S. exports of iron-oxide pigments, by countries 


1968 1969 
Destination 
Short tons Value Short tons Value 
(thousands) (thousands) 
Aeris ð—â 63 $39 128 $56 
Ati. 8 326 169 278 192 
Belgium- Luxembourg 17 6 12 4 
PCI:: ͥͥ . AAA 99 59 85 50 
Canada ͤ oe oe oe G SSS cs 871 250 1, 860 439 
F ũ ——S—T—T——————T—T— mau EE 16 5 25 7 
CölomDiä EENEG 15 7 29 11 
(Ke Aal EE EEN 200 80 195 99 
Germany, Wess 541 164 21 11 
Guatemala____ ³ð ð 4 .. ........-..-.- 49 18 80 9 
Hong Bong ee 2 2 16 12 
ET, TEE 19 6 1 1 
IC eet Ot ore ne 14 7 22 10 
EE 80 17 85 18 
)). ĩͤ uu SO Zm EE 148 65 79 54 
IT EE 111 94 79 54 
Netherlands s 96 14 125 57 
New Zealand... _-.---------------------- 55 9 18 5 
ee, 5 2d. dan Shoe s 1 1 7 8 
Philippines 85 81 118 46 
SS%⁵ͤ1:1¹ñĩ ! 88 19 11 11 4 
United Kingdo nnn 262 99 226 84 
Venezuela... ...........................- 122 89 168 48 
Vietnam, South. . .......................- 46 22 85 87 
Other countries 114 48 111 48 
C datu ce uat Ladite Ei 8,321 1,257 8,992 1,439 


The United States imported 33,400 short 
tons of iron oxide pigments in 1969 valued 
at $5.0 million compared with imports of 
29,900 short tons in 1968 valued at $4.1 mil- 


lion. Synthetic iron oxide and iron hydrox- 
ide made up the bulk of the imports in 
1969 with 22,600 short tons valued at $4.4 
million. 


Table 5.—U.S. imports for consumption of selected iron-oxide pigments 


1968 1969 
Pigments 
Short tons Value Short tons Value 
(thousands) (thousands) 

Natural: 
Ocher, crude and refined. ... ...........- 126 $8 87 $6 
Siennas, crude and refined. .............. 1,464 178 1,841 146 
Umber, crude and refined 4,671 178 6,240 285 
Vandyke brown 589 50 472 42 
M ³o¹1W Oe ee w 4,442 253 2,736 225 
'T'otal ¿us zz r a 11,292 662 10,876 654 
Manufactured (synthetic)... `... 18,596 8,455 22,555 4,390 
Grand total... EE 29,888 4,117 83 , 481 5,044 


1 Classified by the Bureau of the Census as “Natural iron-oxide and iron-hydroxide pigments, n. s. p. f.“ 
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Table 6.—U.S. imports for consumption of iron-oxide and iron-hydroxide and 
pigments, n.s.p.f. by countries 


Natural Synthetic 
1968 1969 1968 1969 
Country 

Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
Belgium-Luxembourg. . 7 $9 tee ee TU 18 $2 uui Es 
Canada..............  ....- TEN 1 $1 6,052 1,275 7,169 31,513 
Finland.............-. ..... EE eer 240 87 

Francdee (D M slc BER 80 12 21 
Germany, West 5 5 2 5 11,453 2,018 13,824 2,553 
FH 8 276 10 ö EEN 
Japan...------------- (1) (1) 11 80 17 2 14 56 
Netherlands. mad. mt (0. ĩ ͤ Ä 10 1 
SS ⁰ cue 8,866 196 2,517 160 8 1 85 6 

Switzerland. Set | ee Soe oce «ees (1) 
United Kingdom 288 82 205 29 978 145 1,192 169 
Total.........- 4,442 253 2,786 225 18,596 3,455 22, 555 4,390 
1 Less than 14 unit. 
TECHNOLOGY 


Research and development was focused 
on the improved use of iron oxides as pig- 
ments and on wider applications for the 
magnetic and electrical properties which 
certain oxides possess. Improvements in 
calcining and sintering methods for pro- 
ducing ferrites made notable progress 
during 1969. New techniques developed 
during the year have increased the pre- 


ferred orientation of a variety of ferrites, 
particularly lead ferrite. 

Precise temperature control in the kiln 
has been established as the key to the 
mass production of ferrite-ceramic perma- 
nent magnets. Sintering facilities with com- 
plete automation are now in operation 
with a temperature variation maintained 
at 2.5 F in kilns with a maximum tem- 
perature of 2500? F. 


Kyanite and Related Minerals 


By J. Robert Wells 


The quantity of kyanite sold or used by 
domestic producers in 1969 was 3 percent 
greater in tonnage and 6 percent higher in 
total value than in 1968, and established a 
new record by going slightly over the pre- 
vious high mark reached in 1966. 

Kyanite, sillimanite, andalusite, dumor- 
tierite, and topaz are conveniently consid- 
ered as a group, because they are natural 
silicate minerals with many similarities in 
composition and properties. In common 
with synthetic mullite, they all can be 
used as materials for the manufacture of 
mullite-type refractories. 

The United States and India are the 
world's principal suppliers of  kyanite. 
Large-scale production of sillimanite is 
mostly confined to India and the Republic 
of South Africa; South Africa is also the 
most important source of andalusite. Aus- 
tralia, Spain, territory of South-West Af- 
rica, Southern Rhodesia, and South Korea 
also produce minor quantities of kyanite- 
group minerals. There is little or no in- 
dustrial utilization of dumortierite or of 
topaz (non-gem-grade) at present. 

The Bureau of Mines concluded research 
on developing improved methods of bene- 
ficiating kyanite ores at the Tuscaloosa 
Metallurgy Research Laboratory, and re- 
ports covering this work were either com- 
pleted or in advanced stages of prepara- 
tion. Bureau engineers reported on Kyanite 
deposits in the Northwestern United States 


and presented the results of a study of ac- 
tual and potential markets for western 
kyanite ores.? Another Bureau report on 
kyanite, of primary interest but for some 
time out of print, became available as a 
reprint.3 

Legislation and Government Programs. 
—The Government, through the Office of 
Minerals Exploration, provides loans up to 
50 percent of the approved costs to be in- 
curred in the exploration of strategic kyan- 
ite deposits, but no loans were made for 
that purpose during 1969. 

Holdings of kyanite-mullite in the stra- 
tegic stockpile, as of June 20, 1969, 
amounted to 4,800 tons, which was the an- 
nounced stockpile objective. 

The Tax Reform Act of 1969, signed by 
the President on December 30, provided 
for a reduction of 1 percent in each of the 
depletion rates applicable to kyanite; spe- 
cifically, the domestic rate was lowered 
from 23 percent to 22, and the foreign 
rate from 15 percent to 14, to be effective 
in taxable years beginning after October 9, 
1969. 

New tariff regulations established in 
1969 continued to provide for duty-free 
import of kyanite, sillimanite, andalusite, 
and dumortierite. The ad valorem duty on 
mullite, set at 13 percent at the start of 
1968, was reduced to 12 percent on Janu- 
ary 1, 1969, and was scheduled for a fur- 
ther reduction in 1970. 


DOMESTIC PRODUCTION 


Kyanite was mined in 1969 in three 
States and was recovered as a byproduct in 
a fourth. Kyanite Mining Corp., the largest 
domestic producer, operated two mines in 
Virginia, one at Dillwyn in Buckingham 
County and, the other at Farmville in ad- 
jacent Prince Edward County. Aluminum 
Silicates, Inc., and Commercialores, Inc., 


= Physical scientist, Bureau of Mines, Knoxville, 
enn. 

2 Van Noy, Ronald M., Normas S. Petersen, and 
Jerry J. Gray. Kyanite Resources in the North- 
western United States (in Two Sections). 1. An 
Investigation of Selected Kyanite-Group Mineral 
Deposits. 2. A Market Study for Western Kyanite 
Ores. BuMines Rept. of Inv. 7426, 1970, 81 pp. 

s Klinefelter, T. A., and James D. Cooper. 
Kyanite, A Materials Survey. BuMines Inf. Circ. 
8040, 1961, 55 pp. 
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both subsidiaries of Combustion Engineer- 
ing, Inc, produced kyanite from the 
-Graves Mountain mine in Lincoln County, 
Ga., and from the Henry Knob mine in 
York County, S.C. respectively. Kyanite 
was also recovered in Florida as an acces- 
sory product in the Trail Ridge plant of 
E. I. du Pont de Nemours & Co., Inc., in 
the course of operations for the extraction 
of heavy minerals from the complex sands 
of an extensive deposit in Clay County. 
Kyanite production in 1969 was approxi- 
mately 3 percent more than in 1968, but 
actual figures are company confidential in- 
‘formation and cannot be published. 
Synthetic mullite, in the extra-quality 
grades, was manufactured by high-tempera- 
ture treatment of mixtures of Bayer-proc- 
ess alumina with pure silica sand, while 
siliceous bauxite and bauxite-clay mixtures 
served for the making of materials to meet 
less exacting specifications. Rotary, pe- 
riodic, and tunnel kilns were employed for 
sintered material, but the production of 
fused mullite was, of necessity, accom- 


Table 1.—Synthetic mullite production 
in the United States 


Value 

Year Short tons (thousands) 
1965__-_.-------------- 40,049 $4,866 
LEE 49,551 5,961 
19671. c 8 40,288 4,811 
1968. Se oe 36,014 5, 758 
1969- AA 22; 48, 588 6,847 
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plished only at the higher temperatures at- 
tainable in electric-arc furnaces. 

Synthetic mullite, amounting to over 
one-third more in tonnage than in 1968, 
and almost.one-fifth higher in total value, 
was produced in 1969 by seven firms: The 
Babcock & Wilcox Co., Refractories Divi- 
sion, New York, N.Y. (plant at Augusta, 
Ga.); The Carborundum Co., Niagara 
Falls, N.Y. (plant at Niagara Falls, N. v.): 
Harbison-Walker Refractories Co., Pitts- 
burgh, Pa. (plant at Eufaula, Ala); Nor- 
ton Co., Worcester, Mass. (plant at Hunts- 
ville, Ala); H. K. Porter Co, Inc., 
Refractories Division, Pittsburgh, Pa. 
(plant at Shelton, Conn); Remmy Divi- 
sion of A. P. Green Refractories Co., Phil- 
adelphia, Pa. (plant at Philadelphia, Pa.) ; 
The Chas. Taylor Sons Co., subsidiary of 
National Lead Co, Cincinnati, Ohio 
(plant at South Shore, Ky.) . 

The Mullite Co. of America (Mulcoa) , a 
subsidiary of Combustion Engineering, 
Inc., completed construction of a new $3 
million plant at Andersonville, Ga., for the 
production of calcined bauxite, at least 
part of which will enter into the manufac- 
ture of synthetic mullite. An industrial 
journal published a detailed account of an 
extensive program undertaken by a major 
manufacturer to reorganize and modernize 
facilities at South Shore, Ky., for the pro- 
duction of mullite and other refractory 
materials for special applications.“ 


CONSUMPTION AND USES 


Kyanite, either domestically produced or 
imported and mostly ground to 35 mesh or 
finer, was consumed chiefly in the prepara- 
tion of refractory mortars, ramming mixes, 
and plastic refractories. Synthetic mullite 
was used, for the most part, in the fabrica- 
tion of high-alumina refractory brick and 
shapes for structures exposed to extreme 
and long-continued heat. Applications were 
in furnaces for ferrous and nonferrous 
smelting, the electric-arc preparation of 
special alloys, and the manufacturing of 
glass. 

In addition to the refractories applica- 
tions, kyanite was incorporated in certain 
ceramic mixtures, in which it confers a 
number of important advantages. Its pres- 
ence in a ceramic body often improves the 
workability, and because of the interwoven 
texture of the mullite crystals that are 


formed on firing, also provides superior 
mechanical strength in the finished prod- 
ucts. The increase in volume that accom- 
panies the conversion to mullite is often 
advantageous, furthermore, in that it can 
compensate for the reduction caused by 
the shrinkage of the clays that usually are 
the principal components of the mixture. 


According to a ceramic raw materials 
survey conducted by C. H. Kline & Co., 
domestic consumption of kyanite in 1969 
may have amounted to 75,000 tons, valued 
at $4.5 million. Consumption of synthetic 
mullite was estimated at 36,000 tons with a 
value of $5.8 million. 5 


4Svec, J. J. Chas. Taylor’s $8-Million Start to- 
ward 2-Phase Modernization. Brick & Clay Record, 
v. 155, No. 2, August 1969, pp. 27-34. 

5 Ceramic Age. U.S. Consumption of Ceramic 
Raw Materials. V. 86, No. 1, January 1970, p. 29. 
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PRICES 


Prices were quoted in the December 
1969 issue of Engineering and Mining 
Journal as follows for kyanite, f.o.b. ship- 
ping point, South Carolina, Georgia, in 
bags per short ton (bulk shipments $3 less 
per ton): 
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95 meter $56 
Sr emm amem $58 
100 Weh memes $59 
200 mesh ` 222222222222 $64 
825 M . . . diete $79 


The November 1969 issue of the Journal 
quoted imported Kyanite, 60 percent 
grade, c.i.f. Atlantic ports, $86 to $91 per 
short ton; in paper bags $1.75 extra. 


FOREIGN TRADE 


Kyanite exports declined slightly in 1969, 
while imports showed a small upturn. 
There was not, however, even a remote 
threat to the favorable balance of recent 
years, because nearly 10 times more kyan- 
ite was exported than was received from 
abroad—a marked contrast to the situation 
of two decades ago when a typical year's 
exports might be outweighed 15 to 1 by 
imports. In terms of dollars, the shift has 


been from a drain of about $1.5 million in 
1950 to a net advantage of more than $1.5 
million in 1969. 

Japan, for several years the leading des- 
tination for U.S. kyanite exports, yielded 
place in that respect to Canada, Italy, and 
West Germany. India, meanwhile, re- 
mained without challenge as the principal 
supplier of the material that was imported 
by the United States. 


Table 2.—U.S. exports and imports for consumption of kyanite and related 


minerals 
1967 1968 1969 
Short Short Short 
tons Value tons Value tons Value 
EXPORTS 
Argentina... 24 32, 236 22 $1,420 19 $1,462 
Australia 898 28,328 704 46,743 692 9,488 
Belgium-Luxembourg. ......... 582 52,448 876 61,464 487 84,480 
Canada une LEE 5,012 337,954 3, 861 262,084 4,342 806,801 
Colombiag_... eege beth  ----- 182 11,566 209 9,381 
Frame, Ed hee 291 51,037 898 49,074 157 26 ,045 
Germany, West 1,492 87,958 1,740 104,527 2,559 168,146 
LEE 1,564 120,887 1,557 116,490 2,845 211,864 
AC EE 7,143 427,477 5, 576 331,262 2,388 151,762 
Mexico.................-....- 1,610 110,706 1,438 88,987 1,498 105,796 
Netherlands. 60 2,280 61 3,990 22 634 
South Africa, Republic of 97 3,181 144 8,404 77 6,319 
Sweden 169 6,935 575 21,082 1,124 64,673 
TAIWAN. EEGENEN 589 20, , 160 
Thailand. ....................- 84 2,968 582 95,918. ze — sokek 
United Kingdom 2,414 111,498 1,687 79,481 1,476 85,989 
Venezuela. aan 291 15,816 621 39,675 740 67 ,928 
Other countries 312 47,338 453 52,472 522 41, 923 
e EE 21,428 1,408,442 20,477 1,310,694 19,696 1,853,885 
IMPORTS 

T ͤ ͤͥͤͥͤ Rente Cee ̃ ᷣ mm 000 uA Lc. 806 $17,921 
r.. 8 1,821 $75,158 1,391 $49,414 1,167 48 , 489 
Mosambioue „ aa 277 9,921 
South Africa, Republic of.. 59 1,967 888 11,928 
;o nuina 1,821 75,158 1,450 51,381 2,088 88,209 


WORLD REVIEW 


Australia.—Mine production of silliman- 
ite, January through June 1969—approxi- 
mately two-thirds from New South Wales, 
one-third from South Australia—amounted 


to 1,113 short tons. Australia imported, in 
that same period, 328 tons of sillimanite 
and 1,267 tons of kyanite. 

Canada.—North American Refractories, 
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Ltd., Canadian affiliate of North American 
Refractories Company of Cleveland, Ohio, 
continued investigation of the Témiskam- 
ing kyanite deposit in Quebec. Contrary to 
previous forecasts anticipating early pro- 
duction from this site, it was implied in a 
paper presented at the annual meeting of 
the American Institute of Mining, Metal- 
lurgical, and Petroleum Engineers at Den- 
ver, Colorado, in February 1970 that oper- 
ations there are still somewhat exploratory. 
Other kyanite deposits, shown by 
preliminary investigations to be potentially 
favorable for commercial exploitation, have 
been found at Wanapitei, 12 miles east of 
Sudbury, and near Mattawa, both in On- 
tario,.and in the Big Bend area of British 
Columbia. _ 

Hungary.—Pilot-plant production of 
synthetic mullite, of a quality suitable for 
use in high-performance refractories, was 
started at Nyiregyhaza to provide experi- 
ence for construction of full-scale facilities 
—prospective capacity not yet disclosed— 
planned for 1970. Bauxite or Bayer-process 
alumina for high-temperature reaction 
with kaolin or silica—all readily available 
within Hungary—were mentioned as op- 
tional combinations of starting materials. 
Output from the new plant offers the 
promise of relief for Hungary from the 
present compulsory dependence on imports 
of calcined kyanite. 

India.—The Mineral Ores Export Advi- 
sory Committee recommended that the raw 
kyanite export duty, hitherto charged at a 
flat rate, be revised to provide for a pro- 
gressive scale keyed to the grade of min- 
eral involved. In 1968, production of kyan- 
ite in India amounted to 70,945 tons, of 
which 78 percent was exported—2 percent 
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to the United States. Exports of Indian sil- 
limanite in 1968, all to Asian and Euro- 
pean destinations, accounted for 54 percent 
of the 5,127 tons produced. 

Kenya.—A report became available that 
described the geographical setting, geology, 
mineralogy, history, and marketing possi- 
bilities of what is stated to be one of the 
largest kyanite deposits in the world. An 
abundance of supplemental information 
was included, dealing with a number of 
practical, legal, and economic factors that 
would require consideration in evaluating 
the potentialities of this ore body for prof- 
itable exploitation.7 
. Liberia.—Interest was aroused by an an- 
nouncement of the discovery of kyanite de- 
posits, possibly of commercial significance, 
in the vicinity of the barite concession of 
Dresser Industries, Inc., in Grand Bassa 
Country. Development of substantial kyan- 
ite production for the export trade might 
provide a welcome adjunct to Liberia’s in- 
dustrial capacity, which is dominated by 
the growing of rubber and the mining of 
iron ore. 

South Africa, Republic of.—Mine output 
of andalusite in the first three quarters of 
1969 was 34,257 tons, almost double the 
quantity reported for the same period of 
1968. Sillimanite production in those nine 
months—23,823 tons—was about 15 percent 
below the comparable figure for 1968. Ex- 
ports of the two minerals in the nine- 
month period of 1969 were up and down, 
respectively, from 1968 in almost the same 
proportions as the production figures. The 
quantity of sillimanite sold locally in that 
period of 1969 was about the same as in 
1968, but local sales of andalusite more 
than doubled. 


TECHNOLOGY 


Synthetic mullite in grain form and also 
fabricated into brick and shapes for spe- 
cialized refractories applications is a major 
production item in a newly expanded and 
modernized plant at South Shore, Ky., de- 
scribed in a recent issue of Brick & Clay 
Record. Technical details of the plant lay- 
out, equipment, and operation were pre- 
sented, together with some account of the 
testing procedures for quality control that 
are applied both to raw materials and to 
the finished products. An extensive descrip- 
tion was included of the structural fea- 


tures, dimensions, and temperature specifi- 
cations of the various sections of the newly 
installed dual-unit shuttle kiln system.$ 

The behavior of a kyanite-sillimanite 


s Wyman, R. A., R. K. Collings, and R. M. 


Buchanan. Some Interesting Aspects of Canadian 
Industrial Minerals. Dept. of Energy, Mines and 
Resources, Mines Branch (Ottawa, Canada). Min- 
eral Processing Division Report MPI (0) 69-59, 
February 1970, 22 pp. 

t Mason, J. E. The Murka Kyanite Deposit— 
Coast Province Kenya. Mines and Geological De- 
partment, Ministry of Natural Resources, Wildlife, 
ipe e Ger SE of Kenya, Inf. Circ. 1, 
anuary S pp. 

$ Work cited in footnote *. 
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concentrate extracted from Florida beach 
sand as a raw material for refractory ce- 
ramics was assessed. Ceramic shapes incor- 
porating the beach-sand concentrate were 
equal in pyrometric cone equivalent to 
others containing hard-rock ` Kyanite, 
showed 50 percent less mullitization expan- 
sion on firing, and had somewhat greater 
mechanical strength in the fired 
condition.? 

Results were published of an investiga- 
tion of the changes that take place during 
the process of mullite formation in the 
firing of the closely related minerals, silli- 
manite, andalusite, and kyanite, all of 
which are identical in chemical makeup 
but differ in crystal character. An effort 
was made tó determine the rates of mul- 
lite formation from each of the minerals 
over a range of temperatures. It was found 
that conversion rates for the three sub- 
stances are strongly influenced by varia- 
tions in grain size and by the presence or 
absence of impurities.19 

Information that may have an important 
bearing upon the production of synthetic 
mullite was obtained. In an investigation 
of the reactions of alumina with silicic 
acid at 1,5009 to 1,5509 C, it was found 
that supplying the alumina in the form of 
coarsely powdered corundum led to the 
formation of varying amounts of noncrys- 
talline material and consequent reduction 
of the mullite yield to as little as 17 per- 
cent of the quantity expected. Much less 
noncrystalline substance and proportion- 
ately more mullite were obtained when the 
corundum was reduced to a fine powder. 
It was thought that the undesirable glassy 
material constituted a transition phase in 
the temperaure range of the study.11 

A Bureau of Mines study of the benefi- 
ciation of southeastern kyanite ores was 
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reported.12 Three other articles dealing 
with kyanite technology were being pre- 
pared. 

Kyanite and mullite were two of thc 
specified ingredients in a patented mixture 
for the production of zircon refractories to 
be used in situations requiring contact 
with molten glass.13 

A patent was issued for a plastic-refrac- 
tories mixture containing, as an essential 
component, up to 15 percent of crushed 
Virginia kyanite. It was claimed that the 
resulting material fires to a high-strength 
product with unusually low spalling loss.14 

A mullite-based refractory of the ram- 
ming-mix type, capable of being fired at a 
relatively low temperature, was one of the 
materials described in a recent patent.15 

Kyanite was a required constituent in a 
ceramic composition to be sprayed or 
coated on metals, for which a patent was 
granted.16 


? Van der Beck, Roland R. Refractory Proper- 
ties of a Florida Kyanite-Stillimanite Concentrate. 
Am. Cerm. Soc. Bull., v. 48, No. 7, July 1969, pp. 
703-706. 

10 Wilson, H. H. Mullite Formation From thc 
Sillimanite Group Minerals. Am. Ceram. Soc. Bull., 
v. 48, No. 8, August 1969, pp. 796-797. 

11 Staley, W. G., Jr., and G. W. Brindley. De- 
velopment of Noncrystalline Material in Subsolidus 
Reactions Between Silica and Alumina. J. Am. 
Ceram. Soc., v. 52, No. 11, November 1969, pp. 
616-619. 

1? Browning, James S. Flotation of Southeastern 
Kyanite Ore. Trans. AIME, v. 244, 1969, pp. 
283-287. 

13 Horak, W., and G. R. Rowland (assigned to 
Emhard, Corp., Bloomfield, Conn.). Glass Contact 
Refractory and Method of Making the Same. U.S. 
Pat. 3,437,499, Apr. 8, 1969. 

14 Jacobs, L. J. (assigned to the S. Obermayer 
Co.). Canadian Pat. 813,387, May 20, 1969. 

15 Wood, T. H., and M. Palfreyman (assigned to 
R. & D. Polymers, Ltd.). , British Pat. 1,142,201, 
Feb. 5, 1969. 

16 Mueller, E. E. (assigned to SCM Corp., New 
York, N.Y.). High Temperature Readily Remov- 
able Ceramic Coating Composition for Metals, and 
Resulting Coated Metal Articles. U.S. Pat. 
3,459,601, Aug. 5, 1969. 
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Lead 


By Donald E. Moulds? 


The record-breaking expansion of world 
production and consumption of lead con- 
tinued in 1969. World mine production, in- 
dicated at 3.52 million tons, increased 6.7 
percent above 1968 output, and smelter 
output of 3.67 million tons, including 
some foreign secondary output, represented 
a rise of over 10 percent. The free world 
mine production of 2.64 million tons and 
smelter production of 2.67 million tons was 
insufficient to cover demand during the 
first three-quarters of the year, which re- 
sulted in a producer- stock drawdown of 
11,000 tons and a continued drawdown of 
the U.S. stockpile. The expanded supply, 
however, exceeded demand in the last 
quarter, and free world producer stocks 
climbed to an indicated 185,000 tons, a 
gain of 22,000 tons during the year. 

A factor in free world demand was trade 
in bullion and metal with the Socialist 
countries, which resulted in a net export 
of almost 10,000 tons during the first 9 
months of the year. Mainland China was 
an especially large market with almost 
35,000 tons imported, mainly from the 
United Kingdom. 

The domestic lead industry experienced 
a phenomenal year in 1969 with mine pro- 
duction increasing 42 percent to 509,000 
tons, the largest amount since 1930. The 
increase was due in part to uninterrupted 
mine operation and, mainly to the output 
of newly developed mines in Missouri, 
which added almost 143,000 tons of lead to 
the State's 1968 total. The production of 
lead, primary and secondary, was almost 
1.206 million tons and represented over 90 
percent of reported domestic consumption. 
Primary materials accounted for 655,000 
tons or 52 percent and secondary materials 
for 604,000 tons. 

Domestic consumption of lead estab- 
lished a new record of 1.39 million tons, a 
4.6-percent increase over 1968 consumption. 
The major advances in requirements were 


batteries, 13.4 percent, and gasoline addi- 
tive, 3.5 percent. The various other uses 
were relatively stable in requirements and 
approximately equal in advances and de- 
cines in comparison with the prior year. 
Sale of stockpiled lead was resumed in the 
second half of the year with light sales 
and shipments amounting to 11,900 tons of 
refined lead for the year plus 10,300 tons 
of antimonial lead. The available domestic 
supply from all sources including primary 
and secondary production, metal imports 
less exports and changes in commercial 
and Government stocks indicates an appar- 
ent consumption of 72,000 tons of lead in 
addition to the reported consumption of 
1.39 million tons. 

The world price of lead reflected the 
high demand. The London Metal Ex- 
change monthly average price steadily rose 
from 11.46 cents per pound (U.S. equiva- 
lent) in January to 14.24 cents in August. 
A slight decline in September and October 
was followed by an upward trend to 15.12 
cents in December. The domestic price at 
New York, opening the year at 13 cents 
per pound, began an upward trend on 
January 8 and in seven actions during the 
year reached 16.5 cents effective December 
15. 

Legislation and Government Programs.— 
The price of lead on April 8 reached 
the 14.5-cent-per-pound floor under which 
payments to eligible domestic producers 
are authorized by “The Lead and Zinc 
Mining Stabilization Program" Public Law 
89-239. Payments in 1969 on 2,296 tons of 
lead produced prior to the April price in- 
creases amounted to $30,860. Since its in- 
ception in October 1961, this program has 
paid $2,589,597 to certified domestic produ- 
cers of lead and zinc. Under revised regu- 
lations of June 1, 1966, a total of 61 mines 
participated of which Oklahoma lead with 


1 Physical 
Metals. 


scientist, Division of  Nonferrous 
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Table 1.—Salient lead statistics 
1965 1966 1967 1968 1969 
United States: 
Production: 
Domestic ores, recoverable lead- 
content... ........... short tons — 301,147 827,368 816,931 359, 156 509,013 
Value. ...........-.. thousands $93,959 $98,964 $88,741 $94,903 $151,635 
Primary lead (refined): 
From domestic ores and base 
bullion.......... short tons.. 305, 007 318, 646 258,507 349, 039 513,931 
From foreign ores and base 
bullion.. ---..--- short tons.. 113,242 122,089 121,387 118,271 124,724 
Antimonial lead (Primary lead con- 
PCT short tons 6,612 11,182 9,083 19,494 16,250 
Secondary lead (Lead content) 
short tons 575,819 572, 834 553 , 772 550,879 603 ,905 
Imports, general: 
ad in ores and matte do.... 122,661 143,991 124,067 87,836 109,252 
Lead in base bullion. ........ do.... 566 2,012 569 8 1,993 
Lead in pigs, bars, and old 
short tons.. 226,883 293,085 373,887 344,601 285 , 342 
gies of lead materials excluding 
FCC short bons... 1,811 5, 435 6, 536 8,281 4,968 
Stocks Dec. 31 (lead content): 
At primary smelters and refineries 
short tons 83,443 115,473 125,479 90,427 101, 860 
At consumer plants do 109, 195 90, 306 105, 786 88,900 156,404 
Consumption of metal, primary and 
secondary...............- short tons.. 1,241,482 1,823,877 1,260,516 1,328,790 1,389,358 
Price: New York, common lead, average, 
cents per pound M NOMEN ERE 16.00 15.12 14.00 13.21 14.93 
World: 
Production: 
MIBD6- So Su ull ee short tons 2,966,508 3,188,779 3,159,343 3,298,741 39,523,401 
Smelter_________ sonores do.... 2,910,884 3,026,266 3,182,316 3,330,912 3,670,848 
Price: London, common lead, average, 
cents per pound 14.37 11.87 10.28 10.88 13.09 


21, Utah, 15, and Idaho, 8. The program 
terminated as of January 1, 1970. 

Government participation in exploration, 
primarily for lead, was withdrawn in June 
1962. The program, under the Office of 
Minerals Exploration, Geological Survey, 
U.S. Department of the Interior, continued 
active in exploration for other base-metal 
deposits, often in association with lead. 

Sales of Government surplus lead from 
the strategic stockpile to commercial users 
were suspended until approval of Public 
Law 91-46 on July 19, which authorized 
the sale of 100,000 tons as an off-the-shelf 
item. Sales in 1969 totaled 22,698 tons leav- 
ing 77,912 tons authorized at the end of 
the year. In addition 3,085 tons was trans- 
ferred to Government agencies under au- 
thorization of Public Law 89-9. The actual 
drawdown of Government stocks of refined 
lead during the year amounted to 11,866 
tons. In addition to the refined lead, 
10,336 tons of antimonial lead in nonstra- 
tegic Government stocks was sold and de- 
livered to commercial consumers. The stra- 
tegic stockpile objective for lead was 
revised upward on December 3 to 530,000 


tons. The stockpile inventory of 1,152,737 
tons at the end of 1969 thus provided a 
surplus of 622,727 tons. 

The International Lead and Zinc Study 
Group convened in Geneva, Switzerland, 
for its 13th session on October 8. The 
meeting marked the 10th anniversary of 
the international work on lead and zinc 
problems by the 30-country membership. 
The supply and demand situation was re- 
viewed and found to be in close balance at 
that time, but a possibility was indicated 
of a growing surplus of supply and mount- 
ing producer stocks. It was noted that 
since the study group was organized lead 
consumption in the free world had in- 
creased at an average compound rate of 
3.8 percent per year. 

The International Lead-Zinc Research 
Organization, incorporated in 1965 by 
producers and consumers of lead and zinc 
and representing a major portion of that 
free world industry, continued to sponsor 
research and development programs to 
promote new and expanded use of lead 
and zinc. 
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Figure 1.— Trends in the lead industry in the United States. 
DOMESTIC PRODUCTION 


MINE PRODUCTION 


Mine production of recoverable lead 
gradually increased during the first 6 
months of the year to reach 45,124 tons 
during June; during the last 6 months it 
ranged from 42,300 to 46,200 tons monthly. 
The total of 509,013 tons for the year com- 
pares with 359,156 tons in 1968 and repre- 
sents a 42-percent increase. This output 
level was exceeded only in 1930 when pro- 
duction was 558,300 tons. The increase re- 
sulted from uninterrupted operations fol- 
lowing the labor settlements in 1968 and, 
primarily, from full-scale production of the 


four new lead mines in the new Missouri 
lead belt. The 355,452 tons produced in 
Missouri, an increase of 67 percent over 
1968, increased that State’s component of 
domestic supply to 70 percent. Idaho, the 
second largest producer, provided 13 per- 
cent of domestic supply, followed by Utah 
with 8 percent, and Colorado with 4 per- 
cent. These four States combined delivered 
95 percent of the domestic primary lead 
supply. 

Southeast Missouri lead operations con- 
tinued to be the center of developments. 
More than 75 percent of the ore produced 
in Missouri in 1969 came from mines 
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opened since 1960, and seven mines arc 
represented in the leading 10 domestic 
producers. Improvements in technology, 
mine design, and mining methods permit 
increased labor efficiencies and metal recov- 
cries substantially above those of older 
mincs and concentrators. 

St. Joseph Lcad Co., the leading domestic 
producer, operated the Fletcher, Vi— 
burnum, Federal, Indian Creek, and Goose 
Creck mines and produced 354,131 tons of 
lead concentrate.? A new mine develop- 
ment, Brushy Creck, was started and will 
become operational in 1972 with a capacity 
approaching 50,000 tons of lead. The Mag- 
mont minc, a joint venture of Cominco 
American Inc. and Dresser Industries, Inc., 
operated at full capacity throughout the 
ycar. Ozark Lead Co., a subsidiary of Ken- 
nccott Copper Corp., gradually increased 
output at the Ellington mine to achieve 
thc designed rate by midycar. The Buick 
mine of Missouri Lead Operating Co., a 
joint venture of American Metal Climax 
Inc. and Homestake Mining Co., also grad- 
ually increased output during the year al- 
though ground-water and labor problems 
delayed full-scale output. Construction of 
thc concentrator was completed during the 
ycar.3 

Kennecott Copper Corp. became a major 
lead producer in 1969 with an output of 
48,700 tons from operations in Missouri 
and Utah.* The production at the Burgin 
mine, Eurcka, Utah, was limited by a criti- 
cal shortage of miners, which, together 
with caving ground and ground-water con- 
ditions, hindered mine development and 
stope preparation. Completion of the 1,300- 
foot-level loading facilities and initia- 
tion of stope development assisted in pro- 
duction improvements late in the year. 
The new development shaft for the Trixic 
area was completed to the planned depth 
of 860 fect. The Burgin operation is the 
first attempt to handle large quantities of 
the hot, corrosive water of the Tintic Dis- 
trict and to use this water in the concen- 
trator, which began operation in June. 
The Mayflower mine of Hecla Mining Co. 
and mines of United Park City Mines Co. 
and of United States Smelting, Refining, 
and Mining Co. were other large Utah lead 
producers. 

Homestake Mining Co. completed facil- 
ities at the Bulldog Mountain minc near 
Creede. Colo., in March 1969 and achieved 
near capacity output by July 1, with 49,200 
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tons milled during the last 6 months of 
the year. Reserves of ore as of January 1, 
1970, were 409,480 tons with an avcrage 
grade of 218 ounces of silver per ton and 
2.7 percent lead.5 American Smelting and 
Refining Company continued development 
of the Black Cloud mine near Leadville, 
Colo. for production in 1971. The shaft 
was nearing complction at the 1,650-foot 
depth. Federal Resource Corp. began sink- 
ing a shaft to minc a large lead-zinc 
copper-silver ore body at the old Camp 
Bird mine near Ouray, Colo. The Key- 
stone mine near Crested Butte, Colo., 
owned by Park City Consolidated Mines 
Co. and American Smelting and Refining 
Company, resumed operation in September 
under lease by Keystone Mines Co. Ida- 
rado Mining Co., a subsidiary of Newmount 
Mining Corp., was the leading producer in 
Colorado, and New Jersey Zinc Co. and 
Rico-Argentine Mining Co. were the other 
major lead producers. 

American Smelting and Refining Co. rc- 
sumed opcrations at the Van Stone mine, 
Northport, Wash., in April and produced 
968 tons of lead. The Ground Hog mine 
near Silver City, N. Mex., was also re- 
opened in May by Amcrican Smelting and 
Refining Company. A new flotation mill 
near Kingman, Ariz., was completed in 
February by Standard Metals Corp. to 
process ore from the Antlers mine and 
other adjacent properties. 


SMELTER AND REFINERY PRODUCTION 


The essentially uninterrupted operations, 
expanded domestic concentrate supply, and 
full-year operation of the two new Mis- 
souri smeltcrs resulted in a primary plant 
production of 666,280 tons of refined and 
antimonial lead, a 34-percent increase over 
1968 production and the largest total since 
1930. Monthly output ranged from a low 
of 46,700 tons in February to a high of 
59,800 tons in November and averaged 
over 55,500 tons. 

Continuous operation of the Hercula- 
neum smelter of St. Joseph Lead Co. and 
full utilization of the expanded capacity 
produced a record tonnage of 223,500 tons, 
up 31 percent from the 1968 level and 86 


2 St. Joseph Lead Co. Annual Report. 1969, p. 6. 
3 Homestake Mining Co. Annual Report. 1969, 


p. 7. 
1 Kennecott Copper Corp. Ànnual Report. 1969, 
l 


p. 12. 
5 Homestake Mining Co. Annual Report. 1969, 
p. 12. 
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percent above the 1967 level. In October a 
sulfuric acid plant was placed in operation 
in conjunction with the smelter.6 

The new smelter of American Smelting 
and Refining Co. at Glover, Mo., became 
operative in the first quarter of the year 
after being delayed by a strike initiated in 
September 1968. Production of all of the 
Amcrican Smelting and Refining Co. smelt- 
ers and refineries in 1969 was 207,275 tons 
of lead, a 35-percent increase over the 1968 
strikc-curtailed output. 

The Bunker Hill Co., a division of Gulf 
Resources and Chemical Corp. produced 
124,000 tons of refined lead, approximately 
the same output as in 1968. Installation of 
an updraft sintering machine was in prog- 
ress, and construction of a new sulfuric 
acid plant was authorizcd.? 

The United States Smelting Lead Refin- 
cry, Inc., East Chicago, Ind., a subsidiary 
of United States Smelting, Refining and 
Mining Co. produced almost 31,000 tons of 
lead. This refinery processes bullion from 
the Tooele, Utah, smelter of International 
Smelting and Refining Co., a subsidiary of 
The Anaconda Company.“ 

Secondary lead production in 1969 was a 
record 603,900 tons, a 9.6-percent incrcase 
over 1968 output. Secondary plants and 
foundries contributed 592,500 tons, or 98 
percent, of thc total. The ratio of class of 
material produced remained essentially un- 
changed from the 1968 pattern, with 
soft lead comprising 25.5 percent, antimo- 
nial lead 56.7 percent, and other lead al- 
loys 17.8 percent. Secondary lead contrib- 
uted 48.6 percent of the domestic lead 
production and 39.7 percent of new sup- 
ply. including metal imports, compared 
with 53 percent and 40 percent in 1968 
and 59 percent and 42 percent in 1967, re- 
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spectively. Plants reporting secondary pro- 
duction in 1969 consisted of 154 smelters, 
including 5 primary plants, and 18 manu- 
facturers and foundries. 


RAW MATERIAL SOURCE 


Domestic mines in 1969 contributed over 
525,400 tons of lcad in concentrates to thc 
domestic primary smelters. This represents 
80 percent of the primary feed material, 
comparcd with 75 percent in 1968 and 68 
percent in 1967. Imported concentrates 
smelted during the year totaled 129,500 
tons. The availability of primary materials 
resulted in a scrap intake at primary 
plants of 22,700 tons of recovered lead, 
slightly over 3 percent of the total. Raw 
materials and material in process at the 
beginning of the ycar amounted to 139,100 
tons, of which 85,200 tons was of primary 
origin. Stocks declined in the first quarter 
to a total of 123,000 tons, then grad- 
ually increased to 169,100 tons at the end 
of October, and ended the year at 162,400 
tons. Of the total, 100,100 tons was of pri- 
mary origin, 3,600 tons was secondary, and 
58,800 tons was in proccss. 

Consumption of scrap in 1969 increased 
to 797,800 tons, gross weight, compared 
with 725,700 tons in 1968 and 726,300 tons 
in 1967. New scrap in the form of rcpro- 
cessed drosses and residues amounted to 
115,000 tons, or 14 percent, of the total. 
Battery scrap contributed 65 percent of the 
total, compared with 64 percent in 1968 
and 62 percent in 1967. Receipts of scrap, 
particularly battery plates, reflecting the 
unusually high battery replacements in 
1960 exceeded consumption during the 
year, and stocks increased from 57,800 tons 
to 73,600 tons. 


CONSUMPTION AND USES 


Consumption of lead again moved up- 
ward to a new record of 1.39 million tons, 
an increase of 60,600 tons, or 4.6 percent, 
over 1968 comsumption. The increase of 
68,800 tons in battery requirements and 
9,200 tons in gasoline additives represented 
the major areas of increase. Metal products 
excluding batteries, reflected a decrease of 
11,200 tons, with most of the historical 
metal uses below the 1968 levels; only col- 
lapsible tubes increased significantly. Pig- 
ments also decreased in total because of a 
substantial drop in lead consumed in red 


ü St. Joseph Lead Co. Annual Report. 
12 


lead and litharge. Examination of domestic 
supply sources indicated that metal pro- 
duction, imports, stock changes, and stock- 
pile shipments during 1969 totaled 72,000 
tons of lead above the amount accounted 
for by reported consumption and exports. 
This disappearance in 1969 compares with 


1969, . p. 


* American Smelting and Refining Company. 
Annual Report. 1969, p. 7. 
Gulf Resource and Chemical Corp. Annual 
ent 1969, p. 6. 
" United States Smelting, Rete and Mining 
Co. Annual Report. 1969, p. 31. 
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92,000 tons in 1968 and an annual average 
of 48,900 tons for the 1963-67 period. The 
disappearance is presumed to be unre- 
ported consumption or stocks especially at 
small users and dealers. Consumption aver- 
aged 115,800 tons monthly, with July and 
October continuing to be the historical 
low- and high-demand periods during the 
year. The daily average consumption of 
3,806 tons compares with 3,641 tons in 
1968. 

Metal products other than batteries con- 
sumed 390,600 tons, a decrease from the 
401,800 tons used in 1968. The total use 
of lcad in these products has slowly de- 
cined in tonnage and percentage from 
440,100 tons, 48.2 percent, in 1966 to 
390,600 tons, 40.1 percent in 1969. Exami- 
nation of the 1966 and 1969 requirements 
indicates a decline in most of the metal 
products, except ammunition, casting 
mctal, collapsible tubes, foil, and ternc 
metal, that ranges from 30 percent for 
calking, 18 percent for cable covering, and 
14 percent for type metal, downward to 5 
perceni for pipes, traps and bends. 

The manufacture of lcad-acid storage 
batteries again posted a record requirement 
of 582,500 tons of lead, approximately 41 
percent of the total reported lead con- 
sumption. The increased lead requirements 
reflect the record manufacture and ship- 
ment of automotive-type batteries which 
reached 46.4 million units according to sta- 
tistics of the Association of Amcrican Bat- 
tery Manufacturers, Inc. Batteries installed 
as original factory equipment totaled 10.1 
units and 35.5 million batteries were classi- 
fed as replacements. Export of batteries 
increased to 760,000 units compared with 
450,000 units in 1968. The expanding use 
of automotive type batteries in non-high- 
way usc for recreational and farm cquip- 
ment as well as usc of large, industrial- 
type batteries for emergency power in 
hospitals and communications, has resulted 
in an average annual growth of 6.5 percent 
in battery lead consumption since 1968. 

Lead requirements for gasoline antiknock 
additives was a record 271,700 tons, an in- 
crease of 3.5 percent, but well below the 
6-percent increase achieved in 1968. A rc- 
ported factor in the reduced growth was a 
substantial decrease, due to new foreign 
manufacturing capacity, in exports of an- 
tiknock fluid. 

Lead consumed in pigments was the 
lowest since 1963 with the decrease mainly 


MINERALS YEARBOOK, 1969 


in the manufacture of red lead and lith- 
arge. A small tonnage increase occurred in 
white lead and also in pigment colors, an 
arca of gradual growth in recent ycars. 


LEAD PIGMENTS 


Production of lead pigments and oxides 
required 378,400 tons of lead, an increase 
of almost 10 percent over 1968 require- 
ments. All the lead, except 600 tons, used 
in leaded zinc oxide was derived from pig 
lead. Use increased in white lead and de- 
creased slightly in red lead. Lead in ox- 
ides, litharge, and black oxide increased 
33,100 tons over 1968 requirements to a 
new record of 348,100 tons. 

White lead requirements by the paint 
and ceramic industries continued the 
downtrend of recent years, as did red lead 
in paints rubber, and various other uscs. 
The miscellaneous uses of red lead were 
cspecially reduced to less than 4,000 tons 
in comparison with the large tonnages 
used in prior years. Litharge requirements 
declined in the ceramic industry and also 
in oil refining and rubber manufacture. 
The largest use of litharge, however, is in 
the battery industry. The amount cannot 
be published and is included in other uses 
in table 20. 

Prices.—Thc quoted price of lead pig- 
ments, with the exception of basic carbon- 
ate white lcad, moved upward throughout 
the year in accord with the rising price of 
refined lead. The price of white lead, sta- 
ble at 20.5 cents per pound, carload lots, 
freight allowed, since 1966, decreased to 20 
cents in early February, increased to 21.5 
units per pound in carly August, and con- 
tinued at that price for the remainder of 
the year. The price of red lead, 95 percent 
Pb3O,, in carload lots, at works, quoted at 
15.75 cents per pound at the beginning of 
the year, moved upward in 0.5-cent steps 
beginning in early January to reach 19.75 
cents in late December. The price of lith- 
arge, commercial grade, powdered, in car- 
load lots, at works, likewise moved upward 
in unison with the price of lead to reach 
19 cents per pound in late December. 

The value of shipments of white lead, 
red lead, and litharge amounted to $57.6 
million, an average of $342 per ton, com- 
pared with $52.8 million and $317 per ton 
in 1968, respectively. 

Foreign Trade.—Export of lead oxides, 
pigment grade, including lead arsenate and 
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other compounds, continued to decline in 


gross wcight and value from 1,877 tons 


valued at $770,000 in 1968 to 1,688 tons 


valued at $685,700 in 1969. A total of 46 
countries received shipments ranging in 
value from a high of $171,800 for Canada 
to $500 for Bermuda. South Vietnam was 
the second largest importer with a total 
import value of $40,600. 

Imports for consumption of lead pig- 
ments and compounds in 1969 increased 
about 500 tons in weight and $1,000 in 
value compared with the 1968 totals. Lead 


compounds, including lead arsenate, ace- 


tate, and nitrate, totaled 355 tons valued 
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at $105,100, of which lead nitrate ac- 
counted for 78 percent of the value. West 
Germany and the Republic of South Af- 
rica were the leading sources of lead ni- 
trate, while Mexico and Sweden supplied 
the lead acetate. Lead compounds and or- 
ganic lead salts not specified by name 
amounted to 546 tons and $203,600 in 
value. These were supplied mainly by Can- 
ada and West Germany. Leaded zinc oxide, 
not over 25 percent lead, totaled 243 tons 
valued at $56,800 and principally origi- 
nated in West Germany. Poland contrib- 
uted almost 9 tons of red lead during the 
year. 


STOCKS 


Producer stocks of refined and antimo- 
nial lead at the start of the year totaled 
15,300 tons. These stocks were reduced in 
January and February to a low of 10,000 
tons of metal. A rise initiated in March 
increased the total to 18,700 tons at the 
end of May. A decrease in June and July 
was followed by a buildup culminating in 
the yearend total of 25,700 tons. Stocks of 
base bullion increased slightly during the 
year. Raw material stocks at primary 
plants declined in the first quarter from 
87,000 tons to 75,000 tons, then built up to 
a high of 112,000 tons at the end of Octo- 
ber, and closed the year at 102,000 tons. 


Material in process also increased from a 
low of 47,000 tons to 59,000 tons at the 
end of the year. 

Consumer stocks of lead gradually in- 
creased during the year from 88,900 tons 
to 156,400 tons at the end of 1969, the 
largest total since the middle of 1959. Ap- 
proximately 30 percent of the stock was at 
secondary smelters; 70 percent was in the 
hands of other consumers and foundries. 
The Government inventory of lead in 
stockpile was reduced about 15,500 tons to 
1,149,060 tons by authorized shipments to 
commercial and Government consumers. 


PRICES 


The strong demand for lead, competi- 
tion in the world market for concentrates, 
and critically by low stocks of free world 
producers at the end of 1968 resulted in 
continuation of the upward trend in price 
initiated in October of 1968. Beginning on 
January 8 a 0.5-cent-per-pound increase to 
13.5 cents per pound was followed by like 
increases on January 30, April 7, June 9, 
July 3, November 24, and December 15, 


thus culminating in a price of 16.5 cents 
per pound which continued in effect 
through the end of the year. The London 
Metal Exchange price moved steadily up- 
ward throughout the year, except for a 
slight decline in October, and reached a 
daily, spot quotation, high of 15.5 cents 
per pound (U.S. equivalent) in early De- 
cember. 


FOREIGN TRADE 


Exports of lead metal decreased in 1969 
to about 5,000 tons and consisted of rela- 
tively small shipments to over 18 countries. 
Export of lead scrap, however, was the 
largest in recent years at 2,340 tons. The 
increase was primarily due to a substantial 
shipment to the United Kingdon and to 


increased purchases by secondary processors 
in Canada, West Germany, the Nether- 
lands, and Spain. 

Imports of lead in ores increased about 
21,400 tons compared with those in 1968, 
and imports for consumption of 115,300 
tons indicate a warehouse withdrawal for 
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duty paid entry of 6,000 tons. Canada sup- 
plied 39 percent of the imports for con- 
sumption, followed by Australia, 21 per- 
cent; Mexico, 19 percent; and Honduras, 
12 percent. Australia supplied about 2,000 
tons of bullion in addition to ore. Imports 
of lead metal for consumption decreased 
for the second successive year to 278,900 
tons compared with 363,600 tons in 1967 
and 337,600 tons in 1968. Australia sup- 
planted Peru as the leading source with 22 
percent; followed by Mexico, 21 percent; 


WORLD 


Statistical reporting on the world lead 
industry varies in reporting base, reporting 
source, and scope of estimating. The Bu- 
reau of Mines reports indicate the basis, 
insofar as possible, used for each country, 
whereas the International Lead and Zinc 
Study Group reports on an ore-content 
basis. The American Bureau of Metal Sta- 
tistics (ABMS) relies to a large extent on 
industrial] trade associations, as well as 
Governmental agencies, in obtaining statis- 
tical information. Therefore, free world 
mine production of lead ranged from the 
Lead and Zinc Study Group total of 2.68 
million tons 10 through the Bureau of 
Mines total of 2.64 million to the 2.56-mil- 
lion-ton total of ABMS. In addition the 
Bureau of Mines estimated production in 
Communist countries, excluding Yugoslavia, 
to be 887,000 tons and the world total is 
thus 3.52 million tons. Smelter reporting 
of metal output also varies, with the Bu- 
reau of Mines reporting, insofar as possi- 
ble, only primary metal, whereas the Lead 
and Zinc Study Group reports metal out- 
put from both primary and secondary 
sources. Free world smelter output in 1969 
thus ranged from the Study Group total of 
3.23 million tons through the ABMS total 
of 2.94 million to the Bureau of Mines 
total of 2.67 million. An additional output 
of a million tons of metal was estimated 
for the Communist countries, excluding 
Yugoslavia, to provide a world output of 
primary metal of 3.67 million tons. 

The United States became the leading 
producer during the year with 14 percent 
of the world total production. Australia 
.and the U.S.S.R. shared second place with 
about 490,000 tons each. Canada, Mexico, 
Peru, and Yugoslavia were the other free 
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Peru, 21 percent; Canada, 16 percent; and 
Yugoslavia, 10 percent. 

Imports of lead scrap mainly from Can- 
ada and Mexico, increased to 6,700 tons 
and thus exceeded exports of scrap by 
some 4,300 tons. Semiprocessed sheet, pipe, 
and shot imported from Canada and West 
Europe totaled 518 tons with an indicated 
value of 16.8 cents per pound, and imports 
of babbitt metal, solder, and other alloys 
totaled 667 tons, lead content, with a per- 
pound value of $2.87 and a gross-weight 
value of 90 cents per pound. 


REVIEW 


world countries with an output over 
100,000 tons each, and these seven coun- 
tries contributed 69 percent of the free 
world lead and 52 percent of the world 
total. 

Smelter production was also highlighted 
by the substantial increase in United States 
output which after a 2 year period in sec- 
ond place to the U.S.S.R., again became 
the leading metal producer with 24 per- 
cent of the free world total and 17 percent 
of the world total. Australia, Japan, Can- 
ada, West Germany, France, Yugoslavia 
and Belgium each had metal production in 
excess of 100,000 tons and the eight lead- 
ing free world countries produced 72 per- 
cent of the free world lead metal. 

Consumption of lead metal in the free 
world, including refined and antimonial 
lead from primary and secondary sources 
and excluding other secondary alloys, 
amounted to 3.43 million tons, according 
to the Lead and Zinc Study Group's pre- 
liminary totals. The United States was by 
far the largest consumer with 37 percent 
of the total. The United Kingdom ranked 
second, followed closely by West Germany, 
France, and Japan. The North and South 
American countries combined consumed 44 
percent; West Europe, 44 percent; Asia, 9 
percent; Australia-New Zealand, 2 percent; 
and Africa, 1 percent. The Study Group 
also reports consumption of refined and 
antimonial lead in the Free World and 
preliminary totals for 1969 indicate a 
metal supply surplus of 128,000 tons, of 
which 22,000 tons was an increase in free 
world producer stocks during the year. 

Argentina. — Compania Minera Aguilar 
S. A., a subsidiary of St. Joseph Lead Co, 


10 International Lead and Zinc Study Group. 
Monthly Bulletin, July 1970, pp. 10-12. 
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increased production of lead concentrates 
from 31,100 tons in 1968 to 46,860 tons in 
1969, as the completion of the mill expan- 
sion permitted high-level production dur- 
ing the year.11 

Australia.—Mount Isa Mines Ltd., 52.7- 
percent owned by American Smelting and 
Refining Company, increascd lead produc- 
tion over 33 percent during the fiscal year 
ending June 30, 1969, to 131,388 tons. 
Since the close of the fiscal year, the ore- 
production rate has exceeded the 16,000- 
long-ton-per-day goal of the major expan- 
sion program started in 1959. Mount Isa 
announced plans to bring into production 
a new mine, to be known as the Hilton 
minc, located about 13 miles north of 
Mount Isa. Shaft sinking was initiated on 
the deposit outlined by drilling. The de- 
posit reported contains 35 million tons of 
ore averaging 7.6 percent lead and 9.6 per- 
cent zinc.!? 


Broken Hill arcas mines continued to 
expand production with a relatively quiet 
labor situation during the year except for 
a 3-week strike in August. Zinc Corp. of 
Australia incrcased lead output 17 percent 
over that of 1968. North Broken Hill, Ltd., 
and New Broken Hill, Consolidated, con- 
tinued expansion programs designed to in- 
crease the area's annual production from 
275,000 to 300,000 tons. The fourth major 
Broken Hill mine, Broken Hill South, is 
reaching the limits of its ore. The mine 
was able to increase production only from 
a residue treatment project. 


Exploration continued at a high rate. 
Possible new deposits were reported by 
Texas Gulf Sulphur Co., Acmex Holdings 
N.L. and Electrolytic Zinc Co. of Aus- 
tralia, Ltd. 

Canada.—The major highlight in Can- 
ada was the completion of the $60 million 
development and construction of Anvil 
Mining Corp., Ltd’s, facilities in the 
Yukon, which were begun in 1967. The 
first concentrates from the open pit mine 
and 5,500-ton-per-day flotation mill and re- 
lated facilities, owned 60 percent by Cy- 
prus Mines Corp. and 40 percent by Dy- 
nasty Exploration, Ltd., were shipped to 
Japan on December 7. The concentrates 
were transported by truck 237 miles to 
Whitehorse and thence 110 miles by rail- 
road to Skagway, Alaska, for transfer to 
oceangoing cargo ships. Toho Zinc and 
Mitsui Mining and Smelting will take the 
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output for the first 8 years. Production 
from the Yukon in 1969, mainly fron 
Anvil, rose from 3,600 tons in 1968 to 
15,400 tons. 


Production of lead by Cominco, Ltd., 
from the mines and refineries in British 
Columbia was curtailed by the forced shut- 
down of a furnace early in July which 
continued into December. In March the 
company announced that the Trail, British 
Columbia, smelter had poured 8 million 
tons of lead since operations began in 
1909. Production from all of the British 
Columbia mines was 102,500 tons for the 
year. 


The Pine Point and Pyramid mines in 
the Northwest Territories produced 105,000 
tons, a decline in production reflecting the 
depletion of high-grade shipping ore at 
Pine Point, which was not offset by an ad- 
ditional Pyramid milling capacity of 3,000 
tons per day. The New Brunswick mines 
operated by Brunswick Mining and Smelt- 
ing Corp., Health Steele Mines Ltd., and 
Nigadoo River Mines, Ltd., increased pro- 
duction to 56,000 tons, and the Ontario 
mines, principally the Kidd Creek mine of 
Texas Gulf Sulphur Co., maintained a 
level of 13,700 tons. 


Ireland.—The Tynagh mine of North- 
gate Exploration, Ltd. produced 77,300 
tons of lead concentrates, approximately 70 
percent of the normal operating capacity. 
The decrease was due to a labor stoppage 
in the second and third quarters of the 
year.13 

Mexico.—Production of lead declined 
slightly in 1969 although production of ore 
and metal at the Asarco Mexicana, S.A., 
opcrations increased. The new mill at the 
Plomosas mine achieved capacity operation 
by midyear. Expansion and modernization 
of the mill at the Santa Barbara mine and 
construction of the new mills at San Mar- 
tin and at the San Antonio mine were in 
progress.“ 

Peru.— The Cerro de Pasco Corp's. pro- 
ductien of base metals was seriously cur- 
tailed by two work stoppages in April and 
in August-September. These resulted in 


11 St. Joseph Lead Co. Annual Report. 1969, p. 
16 


13 American Smelting and Refining Company. 
Annual Report. 1969, pp. 13-14. 

13 Northgate Explorations Ltd. Annual Report. 
1969, p. 22. 

14 American Smelting vd Refining Company. 
Annual Report. 1969, pp. 14-15. 
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the loss of over a month's production in 
the smelters and refineries at La Oroya. 

Cía Minera Santa Luisa S.A., a subsidi- 
ary of Mitsui Mining & Smelting Co. Ltd. 
of Japan, continued underground develop- 
ments of the Huanzala minc in the Peru- 
vian Andes. 

Poland.—An imperial smelter was placed 
in operation carly in the year at the zinc- 
lead smelter of Zjednocwenie Gorniczo- 
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Hutnicze Metali Niezelazynch at Miasteczko. 

Yugoslavia.—After 5 years of construc- 
tion, the first open pit lead-zinc mine was 
placed in operation in Kosovska Mitrovica. 
This is the first stage of the new Kismica 
and Nova Brdo mine-and-pit complex. A 
modern flotation mill was also placed in 
regular opcration not far from the new 
mine. 


TECHNOLOGY 


Research, development, and incorpora- 
tion of new methods, equipment, and 
product uses continued to be a major activ- 
ity in the lead industry. The International 
Lead Zinc Research Organization, Inc. 
(ILZRO), conducts cooperative research 
and development on behalf of major lead 
and zinc producers throughout the world. 
Currently there are 35 supporting compa- 
nies in 12 countries, and some 60 lead re- 
scarch programs cover essentially all exist- 
ing uses of lead as well as new product 
development. The Zinc and Lead Interna- 
tional Service (ZALIS) was set up in 1969 
to stimulate the consumption of lead and 
zinc in developing countries by providing 
up-to-date technica] service to manufactur- 
crs and consumers. 


In building, a major effort was develop- 
ment of a composite lead roofing competi- 
tive with asphalt-type roofing. Battery 
applications continue to receive major at- 
tention especially in the arca of vehicle 
propulsion as air pollution problems in— 
crease in national concern. Cable sheathing 
of lead- plastic composition is under study 
and development to combine the corrosion 
resistance and impermeability of lead with 
the elasticity of plastics. The organolead 
compounds are showing technical and com- 
mercial potential in many applications 
warranting extensive research and devclop- 
ment into tonnage levels of lead consump- 
tion. 


Table 2.—Mine production of recoverable lead in the United States, by State 
(Short tons) 


State 1965 

PASS KA osteo eee eee eee eek oes w 
i 8 5,913 
err 88 1,810 
h/ edP ·ĩ d earen 22, 495 
IIC ⁰ eo Lue 66, 606 
HHBinsess S 3,005 
DC LL CPC 1,644 
KRentuekk n eee 756 
Missouri. ß Eo LE 133,521 
Monta ns EL 6,981 
NC@V PV˖⸗/ ² AAA u upa es 2,277 
New Mexico `--O 3,387 
New YORK. e ler Raus 601 
Oklahoma. -------------------------- 2,813 
ro) MED 
South: Dakota. cere . lene ë av 
Tennessee 
/G õͤõͤͤ]³Ü—iꝛ.jii y a tus 37,700 
VIRINA nen.. Zl SSL usnm 3,651 
Washington... 6,328 
Wisceonsin______ ele Ee 1,645 
Other States 14 

Ke BEE 301,147 


1966 1967 1968 1969 
14 |  ..... Ww 2 
5,211 4,771 1,704 217 
1,976 1,735 4,001 2,518 
23,082 21,923 19,778 21,767 
72,334 61,387 54,790 65,597 
2,285 2 384, 1,467 791 
1,109 1,031 1,227 995 
484 845 W — 
132,255 152,649 212,611 355,452 
4,409 898 1,870 1,753 
3,581 1,500 863 1,420 
1,596 1,827 1,363 2,368 
1,097 1,653 “ 1,396 1,686 
2,999 2,727 2,387 605 

e w (!) 
J a 1 
130 CC RENE 
64,124 53,813 45,205 41,332 
3,078 3.430 3,573 3,358 
5,859 2.162 5,655 8,649 
1,694 1,596 v 1,126 1,102 
Ee 140 eee: 
327 , 368 316,931 359,156 509,013 


W Withheld to avoid disclosing individual company confidential data; included in “Other States.” 


! Less than !5 unit. 
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Table 4.—Mine production of recoverable lead in the United States, by months 


(Short tons) 
emgeet 
Month 1968 1969 Month 1968 1969 
Januar 24,493 86,805 August... see cee Rx ERO 83,163 45,099 
Februar 24,282 94,944 September................- 81,119 43,178 
Martel. oem 8 24,083 38,816 October 36, 567 46,231 
April EE Sc oss Sonne 27 , 440 42,2538 Novembe rr 33,188 42,289 
MOY LI ee ete 81,052 43,816 December 33, 943 46,128 
JUNC ooo ee echo. 28,965 45,124 — — — 
JJ SOS Sma 80,861 44,330 Total. 2e E 859,156 509, 013 


Table 5.— Twenty- five leading lead -· producing mines in the United States in 1969, 
in order of output 


Rank Mine County and State Operator Source of lead 
1  Fletcher............. Reynolds, Mo St. Joseph Lead Coo Lead ore. 
2 Viburnum Crawford, Iron, and Wash- 
ington, Mo............. .... FCC Do. 
3 Magm ont. Iron, Wo Cominco American, Inc.... Do. 
4 Ze dee ) St. Francois, oo St. Joseph Lead Coo Do. 
5 Ozark............... Reynolds, Mo Ozark Lead Co............ Do. 
6 Bunker Hill. zS: Shoshone, Idaho The Bunker Hill Co Lead-zinc ore and 
silver nes. 
7 U.S. and Lark Salt Lake, Utah. `, United States Smelting Re- Lead and lead-zinc 
aning Pn and Mining Co. ores. 
8 Lucky Friday........ Shoshone, Idaho........... Hecla Mining Co.......... Lead ore. 
9  Buick..............- Iron, Mo Missouri Load Operating Co Do. 
10 Indian Creek........ Washington, Moo St. Joseph Lead Co........ Do. 
11  Idarado. o Ouray and San Miguel, Colo. Idarado Mining Co........ Copper-lead-zinc 
ore. 
12 + Pend Oreille.. ....... Pend Oreille, Wash. ....... Eene Oreille Mines & Metals Lead-zinc ore. 
13 Star-Mor ning Shoshone, Idaho........... Hecla Mining Coo Do. 
14 Burg in Utah, Uta gg Kennecott Copper Corp.... Lead and lead-zinc 
ores. 
15  Mayflower..........- Wasatch, Utah...........- Hecla Mining Co.......... Copper-lead-zinc 
ore. 
16 United Park City Summit and Wasatch, Utah. United Park City Mines Co. Lead-zinc ore. 
17 Page Shoshone, Idaho * Smelting and Re- Do. 
nin 
18 Sunnys ide San Juan, Colo Standard Metals Corp Do. 
19 Dayroc gk Shoshone, Idaho Day Mines, Ine Lead ore. 
20 Austinville and 
Ivano Wythe, Va The New Jersey Zinc Co... Lead-zinc ore. 
21 Eagle Eagle, Colo. .............- ...- 9... E Zine and silver ores. 
22 Op hir Tooele, Utah.............. United States Smelting Re- Lead-zinc ore. 
fining and Mining Co. 
29 Darwin Inyo, Calif. Wet Hill Exploration Co., Do. 
| ne. 
24 Ground Hog Grant, N. Mex...........- D eros Smelting and Re- Do. 
nin 
25  Balmat.............. St. Lawrence, N. Y........ St. Joseph Lead Co........ Lead-zinc ore. 
Table 6.—Refined lead produced at primary refineries in the United States, by 
source material 
(Short tons) 
1965 1966 1967 1968 1969 
Refined lead: 
From primary sources: 
Domestic ores and base bullion........... 305,007  À 318,646 258,507 349,039 513,931 
Foreign ores and base bullion............ 113,242 122,089 121,387 118,271 124,724 
NA BEE 418,249 440,735 379,894 467,310 688,655 
From secondary sources 13,140 9,004 2,538 2,259 4,966 
e . .. she 431,889 449,739 382,432 469,569 643,621 


Calculated value of primary refined lead (thou- 
Il ]ĩ« y km ue EE LE $133,840 $183,278 $106,870 $128,468 $190,702 


1 Value based on average quoted price, New York, and excludes value of refined lead produced from scrap at 
primary refineries. 
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Table 7.—Antimonial lead produced at primary lead refineries in the United States 


Antimony content Lead content by difference (short tons) 
Production — — 
Year (short Short From From From 
tons) tons Percent domestic foreign scrap Total 
ore ore 
1960-5 neces 27,895 1,984 7.1 2,809 3,803 19,299 25,911 
196 24, 059 2,119 8.8 6,025 5,157 10,758 21,940 
1961... 8 18,608 1,717 9.2 5,449 3,634 7,808 16,891 
1968: m 28, 363 2,007 7.1 15,788 8,706 6,862 26,356 
1989 8 24, 741 2,082 8.4 11,507 4,743 6,409 22,659 


Table 8.—Stocks and consumption of new and old lead scrap in the United States in 1969 
(Short tons, gross weight) 


Consumption 
Class of consumers and Stocks Receipts ——ə—— —  - Stocks 
type of scrap Jan. 1: New Old Total Dec. 31 
scrap scrap 
Smelters and refiners: 
Soft legs. 1,680 58,6688 57,674 57, 674 2,672 
Hard leaade 15,362 15,599s— 15,402 15,402 1,553 
Cable lead 791 31,799 31,909 31,909 621 
Battery-lead plates 26,8933 536,820 520,913 520,913 42,240 
Mixed common bab bitt. 826 4,248 |  ..... 4,270 4,270 304 
Solder and tinny lead. ............ 226 12,008 }  ..... 11,853 11,853 381 
Type metals 3,419 32,3822 32,462 32,462 8,279 
Drosses and residues 23,376 118,922 114,988 `  ..... 114,988 22,310 
%%. ˙1ð ¹¹1A¹¹ 57,513 805,318 114,988 674,483 789,471 73, 360 
Foundries and other manufacturers: 
Sòt lead- umutu, K un E 2 11 117 I. `... 
Hard leds 44 IZI — 151 151 20 
Cable lead_...------------------- 48 6  ----- 74 74 41 
Battery-lead plates. 36 kee eee vv dieen ë Eanan 36 
Mixed common babbitt........... 80 7.929? 7,950 1,950 59 
Solder and tinny lead. ............  ..... k f[»ln .  —----  ----- 
Type metals 1171717 e see tee 
Drosses and residues 84 49 „%%% AE 129 
/ ˙˙ꝛm . 8 294 8,2888  ..... 8.292 8,292 285 
All consumers: 
Soft lead.. ---------------------- 1,682 58,711 57,791 57,791 2,672 
Hard leaddee 1,406 15,720 15, 553 15, 553 1,573 
Cable lead ---.------------------ . 839 31,806 | ..... 31,983 31,983 662 
Battery-lead plates 26,369 536,820 520,913 520,913 42, 276 
Mixed common bab bitt 406 12271111 22. 12, 220 12, 220 363 
Solder and tinny lead............. 2226 12,008 s 11,853 11,853 381 
Type metals 3,419 32,322 Sarees 82 , 462 82,462 8,279 
Drosses and residues 23,460 113,967 114,988 114,988 22, 439 
Grand total __-.--------------- 57,807 813,601 114,988 682,775 797,763 73, 645 


r Revised. 
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Table 9.—Secondary metal recovered 1 from lead and tin scrap in the 
United States in 1969, by type of products 


(Short tons, gross weight) 


Lead Tin Antimony Other Total 
Refined pig lead 1h r ‘deus 133,322 
Remelt leade 2 ee, 20, 9838333838388. siet, l2 20,988 
Ke CV EE 154,310 |  ..... |  ..... lL 154,310 
Rennen pig tin... u. l u. u us A ere. Fesas 3,150 | ..... 3,150 
Remelt tin. —————— UN 204. — -:uuuico- ——— x 234 
TOU ind ie lr iw — shuwan 3,884 | | ..... | ..... 3,384 

Lead and tin alloys: 
Antimonial lead 842,475 571 17,948 884 361,378 
Common babbit ti. 12,511 812 1,333 141 14,797 
Genuine babbitt. |............... 27 103 13 5 148 
Sd... 8 31,136 5,202 527 82 36,947 
Type metal `... ---------------- 28,132 1,677 3,834 15 33,658 
Cable lead....................... 18,577 1 164 18,742 
Miscellaneous alloys. ss 1,092 210 21 538 1,861 
Totals u Siem eraa 433,950 8,576 23,840 1,165 467,531 
Tin content of chemical products... ... . |... 644 |  ..... 654 
Grand total! 588,260 12,614 23, 840 1,165 625,879 


! Most of the figures herein represent actual reported recovery of metal from scrap. 


Table 10.—Secondary lead recovered in the United States 


(Short tons) 
1965 1966 1967 1968 1969 
As metal: 

At primary plants 13,140 9,004 2,538 2,259 4,966 
At other plants 168,774 147,215 147,806 136,607 149,344 
/ ³˙»¹²¹¹ ² 5m A esc 181,914 156,219 150,344 138 , 866 154,310 

In antimonial lead: 
At primary plants. ............... 19,299 10,758 7,808 6,862 6,409 
At other plants. 251,354 272,977 280,911 301,701 336 , 066 
Total te ee Ee s 270,653 283,735 288,719 308,563 342, 475 
In other alloy 123,252 132,880 114,709 103,450 107,120 

Grand total: 
Quantity. ................ 575,819 572,834 553,772 550,879 603,905 
Value (thousands) 11 $184,262 $173,225 $155,056 $145,542 $180 , 326 


1 Value based on average quoted price, New York. 


Table 11.—Lead recovered from scrap processed in the United States, by kind 
of scrap and form of recovery 


(Short tons) 


Kind of scrap 1968 1969 Form of recovery 1968 1969 
New scrap: As soft lead: 
Lead-base.. ............. 73,845 81,672 At primary plants 2,259 4,966 
Copper- base 5,219 5, 898 At other plants 136,607 149,344 
Tin-b ase 548 398 — ——— 
„ß 5 EE l! 138,866 154,310 
/ ˖·˙² ˙·ꝛma ae 79,612 87,968 SSS SS 
— In antimonial lead. 308 ,563 342,475 
Old serap: In other lead allo ys 87,273 90,582 
Battery-lead plates 310,215 349,507 In copper-base alloys. sss 16,142 16,511 
All other lead-base. ....... 142,963 147,796 In tin-base alloys. ...........- 35 27 
Copnper-basge ..--.--------- 18,085 18,631 — P 
Tin- base 4 3 e Nd WEE 412,013 449,595 
/// os eee 471,267 515,937 Grand total............ 550,879 603,905 
Grand total............ 550,879 603,905 


! Includes 6,862 tons of lead recovered in antimonial lead from secondary sources at primary plants in 1968 
and 6,409 in 1969. 


Table 12.—Lead consumption in the United States, by products 
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(Short tons) 
Product 1968 1969 Product 1968 1969 
Metal products: Pigments—Continued: 
Ammunition........... 82,193 79,233 Pigment colors 14,163 14,670 
Bearing metals. ........ 18,441 17,406 Othn ern 3,284 1.201 
Brass and bronze 21,021 21.512 — 
Cable covering 53,456 54, 203 kd EE 109,734 102,386 


Calking lead 
Casting metals...... 
Collapsible tubes. ...... 
PIII! C 
Pipes, traps, and bends. . 
Sheet lead.......... 


Battery oxides. .... 
Terne metal........ 
Type metall 


Pigments: 


White lead 
Red lead and litharge... 


5,857 6,617 Grand total 


86,480 79,898 


! Includes lead content of leaded zinc oxide and other pigments. 
? Includes lead which went directly from scrap to fabricated products. 


Table 13.—Lead consumption in the United States, by months 


(Short tons) 
1968 1969 Month 

110,608 118,080 August ...----------- 
106,261 105,585 September 
106, 621 117, 508 October. 
108,113 115,948 November. ..........-- 
112,139 117,272 December 
104,479 115,780 

93,301 100, 894 Total J 


1968 


110, 908 
114,312 
133, 133 
116, 574 
112, 341 


1,328,790 


9,310 12,484 Gasoline antiknock addi- 
6,114 5,881 770A 261 , 897 271,128 
21,098 19,407 Miscellaneous chemicals. 629 602 

271 25,818 — — P 
74,074 72, 626 Total... u. 8 262 , 526 271,730 
Miscellaneous uses: 

250,129 280,386 Annealing............. 4,194 4,252 
263,574 302,160 Galvanizing...........- 1,755 1,797 
1,427 1,583 Lead platin g 389 406 
27,981 25,660 Weights and ballast 16,768 17,366 
915,500 973,134 Totals: u zs 8 23,106 23,821 


17,924 18,287 
1,328,790 1,389,358 


1969 


112,189 
123,941 
131,891 
112,521 
117,749 


1.389, 358 


1 Includes lead content of leaded zinc oxide and other pigments and lead which went directly from scrap to 


fabricated products. 


Table 14.—Lead consumption in the United States in 1969, by class of 


Product 


Metal products 
Storage batteries 
Pigments 


products and types of material 
(Short tons) 


Lead in Lead in 
Soft lead antimonial alloys 
lead 

„ 189, 558 98,516 50,970 
9 311,987 270, 559 pan 
E 101,185 E Ee 
SE 271,536 194 8 
„ 10,707 13,005 104 
SPUREN 15,885 2,050 352 
„ 900, 858 384, 324 51, 426 


Lead in 
copper- 
base scrap 


mm ep — = 


15,367 


Total 


354,411 
582,546 
101,185 
211,730 
23,816 
18,287 


11,351,975 


! Excludes 36,182 tons of lead which went directly from scrap to fabricated products and 1,201 tons of lead 
contained in leaded zinc oxide and other nonspecified pigments. 
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Table 15.—Lead consumption in the United States in 1969, by States 1 


(Short tons) 
Refined Lead in Lead in Lead in 
State soft lead antimonial alloys copper- Total 
lead base scrap 

n ERR RD 92,153 84,898 7,576 741 135,868 
Ger, ⁵ðͤ ( ĩð 1,019 2, 832 95- · xe ,946 
Connecticut... --------2--------- 16,465 12,751 94 1,396 30,706 
District of Columbia 153 e aiea oc 153 
Florida... ------------- .. 5,913 B lll m 11,684 
Georgia.. ----------------------- 41,734 17,615 2,558 = ..... 61,907 
Fo; ð v oic reca 80, 746 49, 306 8,088 2,086 140,171 
Indiana... ... ³ A 8 83, 705 43, 546 1,90 623 129,778 
Kangas m aes 12,142 10, 489 50 353 29,084 
Kentucky. / 2,912 7,620 | ME e 10,533 
EC d e EE 3,815 15,066 92 g | ..... 18,473 
Massachusetts 5,772 893 55 136 6, 856 
Meh gs. TREE 17,593 19,446 2,051 462 39, 552 
rr! te ee 89,579 14,278 141 446 54,444 
Nebraska........................- 8,611 988 27 700 5,326 
New Jersey. .....................- 136,616 21, 100 10,090 707 168,518 
New orf Soe eee 41,523 1,846 11,201 846 55,416 
JJV ua LA n I 12,954 8,604 3,304 842 20,704 
Pennsylvania... 55,668 86,625 873 2,846 96,012 
Rhode Island. ...................- 1,557 495 33 2,085 
Tennessee 197 13, 080 206 168 13,651 
ill A s Sul 945 1,541 782 1,298 4,561 
Washington 6, 958 444 201 = tees 7,703 
West Virginia 18,077 4.9 vz)zhhyyy 22 28,025 
Wisconsin 3,223 3,233 45 289 6,740 
Alabama and Mississippi 1,414 2,9998 525 4,932 
Arkansas and Oklahoma 5,210 4. 178 29 9,417 
Hawaii and Oregon 872 3:336 «i642 jj (ecu 4,208 
Iowa and Minnesota. .............- 8,217 8,360 126 445 12,148 
Louisiana and Texas 193,923 81,949 1,725 361 227, 958 
Montana and Idanoo  . . - - % Sek I 
New Hampshire, Maine, Vermont, 

Delaware_____... fn ere 5,682 8,312 84 152 14,180 
North and South Carolina 2,945 2.181 #252  ----- 5,726 
Utah, Nevada, Arizona. BS . „ 88 

CCC 900,858 984,324 51,426 15,367 1,351,975 


1 Excludes 36,182 tons of lead which went directly from scrap to fabricated products and 1,201 tons of lead 


contained in leaded zinc oxide and other non-specified pigments. 


Table 16.—Production and shipments of lead pigments 1 and oxides in the 


United States 


1968 1969 
Shipments Shipments 
Produc- Produc- 
Pigment tion Value : tion Value 2 
(short Short (short Short 
tons) tons Average tons) tons Average 
Total per Total per 
ton ton 
White lead: 
Dry. ¿L Lc 6,614 8,578 $3,514,502 $410 8,551 7,858 $8,857,280 $427 
In oil 22. 2, 822 3,056 2,087,601 683 1,944 2,501 1,776,908 710 
Total 9,436 11,634 5,602,108 482 10,495 10,359 5,184,183 496 
Red lead........ 28,816 283,811 8,458,714 355 23, 583 22,177 8,067,711 964 
Litharge......... 114,900 131,178  À 38,721,968 295 123,895 185,719 44,396,471 327 
Black oxide...... 218.119. ^" ih. aaa- exc 244,586 uu. aane- € 


à 1 Except for basic lead sulfate; these figures withheld to avoid disclosing individual company confidential 
ata 


2 At plant, exclusive of container. 
š Weight of white lead only, but value of paste. 
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Table 17.—Lead content of lead and zinc pigments 1 and lead oxides produced 
by domestic manufacturers, by sources 


Total 
lead in 
pigments 


8,396 
21,378 
114,757 
233,312 
571 


(Short tons) 
1968 1969 
. Lead in pigments produced Lead in pigments produced 
Pigment from— otal from— 
lead in 
Ore pigments Ore 
—  - Pig lead — Pig lead 
Domestic Foreign Domestic Foreign 
White lead bt Sege 7,549 7,549 Ster MH 8,396 
Red lead........ BEN MN 21,589 21,589 PME ee 21,378 
Litharge......... one aoe 106,857 106,857 id ME 114,757 
Black oxide ue E 208,067 208,067 MR is 233,312 
Leaded zinc oxide 768 706  ..... 1,474 367 204 |  ..... 
Total 768 706 344, 062 345, 536 367 204 377,843 


378,414 


B Í EE lead in basic lead sulfate; these figures withheld to avoid disclosing individual company confiden- 
ial data. 


Table 18.—Distribution of white lead (dry and in oil) shipments,1 by industries 
(Short tons) 


Industry 1965 1966 1967 1968 1969 
Palnis- 2 ͤůʃ Bux 5 0 x 2 Bets 9,185 8,260 6,968 6,681 5,969 
( osc eee Soe eee ete eke 133 130 96 124 67 
GOM yu A A 5,355 6,486 5,064 4,829 4,923 
Ne CC BEE Lm 8 14,673 14,876 12,128 11,634 10,359 


i 1 Excludes basic lead sulfate, these figures withheld to avoid disclosing individual company confidential 
ata. | 


Table 19.—Distribution of red lead shipments, by industries 
(Short tons) 


Industry 1965 1966 1967 1968 1969 
Paints ee 13,725 14,480 13,318 11,347 9,191 
Storage batteries W W W W 9,302 
GG ²³¹im 6 (n mE SEE 15,938 16,790 12,423 12,464 8,684 
Total e cuc ⅛² A 29,663 31,270 25,741 23,811 22,177 

W Withheld to avoid disclosing individual company confidential data; included with “Other.” 
Table 20.—Distribution of litharge shipments, by industries 
(Short tons) 

Industry 1965 1966 1967 1968 1969 
Seil 208i ð 8 21,013 23,476 19,491 24,123 21,570 
Insecticides. ......................... 1,161 1,16 W W W 
eiii iy usus D een S am ue 2,886 1,991 1,835 1,849 1,603 
Rubbers ous Eel ee 2,153 2,296 1,928 1,986 1,794 
ECH d e ossa olea cse n 3,763 1,620 1,228 W W 
GM.. 74,916 79,754 75,500 103,220 110,752 
/ memes 105,892 110,303 99,982 131,178 135,719 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 


Table 21.—U.S. imports for consumption of lead pigments and compounds 


1968 e 1969 
Kind EE 
Short Value Short Value 
tons (thousands) tons (thousands) 

White lead... 7⅛0I!l.-.. 2,158 $672 1,731 $661 
Red lead.-.-..u-2229252 0222992» 4,412 97 5,517 1,365 
ini u enuan 24,829 5,131 23,982 5,542 
Other lead pigments. ................- 207 54 342 107 
Other lead compounds. . . .............- 398 116 901 309 
Ke) E 32,004 6,950 32,473 7,984 
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Table 22.—Stocks of lead at primary smelters and refineries in the United States, 


Dec. 31 
(Short tons) 
Stocks 1965 1966 1967 1968 1969 
Refined pig lead zw 17,524 16,175 18,243 11,490 21,283 
Lead in antimonial lead. .............. 7,680 6,396 5,119 8,852 4,448 
Lead in base bullion.. ................ 10,735 15,606 16,622 11,471 12,726 
Lead in ore and matte 47,504 77, 296 85,495 63,614 63,403 
Total z up 2 hc eee 83,443 115,473 125,479 90,427 101,860 


Table 23.—Consumer stocks of lead in the United States, Dec. 31, by types of material 
(Short tons, lead content) 


Refined Lead in Lead in Lead in 


Year soft lead antimonial alloys copper- Total 
lead base scrap 
Ee 61,586 36,190 10,406 1,013 109,195 
1966... er 8 44,490 34,704 10,071 1,041 90,306 
1961. AAA bc n 59,837 35,879 8,919 1,151 105,786 
KEE 43,933 35,009 9,184 774 88,900 
E EE 8 67,304 79, 649 8, 506 945 156,404 


Table 24.—Average monthly and yearly quoted prices of lead at St. Louis, 
New York, and London 1 


(Cents per pound) 


1968 1969 
Month SE ia AI Ä m UE 
St. Louis New York London?  St.Louis New York London? 

Januar endum 13.80 14.00 9.98 13.24 13.44 11.46 
February_----.---------------- 13. 80 14.00 10.36 13.80 14.00 11.67 
Malich. b e uusasp 13.80 14.00 10.61 13.80 14.00 11.80 
April. detec ELS uuu ss 13.80 14.00 10.66 14.22 14.42 12.13 
Ny... L S EE AAE 12.84 13.04 10.72 14.30 14.50 12.54 
RATT a | ORERE ß EL TA 12.80 13.00 10.74 14.68 14.88 12.89 
ee ß 12. 50 12.70 11.15 15. 25 15.45 14.04 
Aug u ——— 12.30 12.50 11.29 15.30 15.50 14.24 
September. .................... 12.30 12.50 11.34 15.30 15.50 13.62 
October. ...___---------------- 12.61 12.81 11.18 15.30 15.50 13.26 
Novembbe rr 12. 80 13. 00 11.19 15.42 15. 62 14.28 
December 12. 80 13. 00 11.27 16.10 16. 30 15.12 

Average 13.01 13.21 10. 88 14.78 14.93 13.09 


1 St. Louis: Metal Statistics, 1970. New York: Metal Statistics, 1970. London: Metals Week. 
? Based on monthly rates of exchange by Federal Reserve Board. 
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Table 25.—U.S. exports of lead, by countries 1 


1967 1968 1969 
Destination — — — U 4-j ——— — n 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
PIGS, BARS, AND ANODES 
Belgium-Luxembourg. .........- 13 $22 769 $799 986 $861 
eet ee ecce 558 163 504 166 70 34 
Sanaa, ese 353 360 450 372 410 302 
Lë TEE 587 205 1,404 521 36 16 
IN TEEN 237 71 87 20 83 44 
El teg 42 51 664 266 320 134 
/ ⁵³»¹—w--- douni euena 1,402 491 1,145 285 321 314 
Korea, South. --------------- (2) 20 129 131 
LE LISSE DT 200 550 141 90 146 82 
Netherlands. .................- 156 405 412 843 210 415 
Pakistans 5 42 20 104 62 
Philippines 119 89 287 119 141 71 
PPI! 8 3 59 36 27 15 
Sweden 263 472 187 137 190 143 
TOIWAN 3 2c ð³ ˙ 190 60 31 18 80 47 
United Kingdom 321 471 191 284 283 261 
Venezuela____ 206 208 634 222 35] 199 
Vietnam, South. ............... 19 6 99 94 193 69 
OUNCE onim Seo vec 1,864 1,135 1,150 988 888 718 
Total; c; 6,536 4,767 8,281 4,740 4,968 3,913 
SCRAP 
Belgium- Luxembourg 35 15 207 50 189 29 
Canada EE 56 34 116 24 492 68 
Germany, Wess S ix 113 17 259 45 
Netherland 139 55 124 28 252 62 
EE, zG a Ee TM 122 36 
United Kingdom. . ............. 120 76 367 95 1,018 262 
r eet tes 44 18 10 5 8 3 
Total EEN 394 198 937 219 2,340 505 
Grand total, 6,930 4,965 9,218 4,959 7,908 4,418 


! In addition foreign lead was reexported as follows: Pigs, bars and anodes: 1967 — 162 tons ($33,794); 1968— 
11 tons ($19,211); 1969—3 tons ($1,699). Scrap: 1967—69, none. 
? Less than !4 unit. 
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Table 26.—U.S. imports 1 of lead, by countries 
1967 1968 1969 
Country Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
Ore, flue dust, and matte (lead content): 
Australia 25, 553 $4,708 20,592 53,772 20, 335 34, 556 
CCC ĩ ² AAA . . . UE 13,764 2,680 5,718 994 3,605 724 
Canada... een 33,474 6,928 36,815 6,733 48,606 10,299 
// ĩͤ . 868 159 33 490 89 Ge BEE 
Colombia de 561 49 1 (2) 345 22 
Guatemala... . l.l. 197 33 FEES ae A "n 
Honduras 6,513 1,367 9,272 1,782 12, 988 2, 606 
Mees ee 314 38 303 40 301 46 
Peru. 8 36, 734 6,963 13,976 2,610 22,582 4,933 
Philippines 37 11 1 1 . — 
South Africa, Republic of 359 32 608 97 365 35 
M/ g 6,402 1, 108 60 12 125 22 
/ — S 124,067 23,950 87,836 16,130 109,252 23,243 
Base bullion (lead content): 
Australi. coucou suce esu Bu SÉ BEN SEN 1,979 693 
Belgium- Luxembourg 442 118 ic T ae 2 
Canadar 2222 LL LLL 2L. L ll P E E rg r4 1 2 
Mexico EEN 1 3 E ur GEN 13 4 
United Kingdom 71 16 E ct "d — 
RER ee 55 12 ae ME Res Oud 
S e r 569 r 149 r8 r4 1,993 699 
Pigs and bars (lead content): 
Australia________ ! 53,156 11,900 46,919 9,851 60,791 14,417 
Belgium- Luxembourg 23,281 5,074 18,649 4,343 1,315 465 
Bürm8&- 2 íosdlcorlsesensedeuewi ,94 590 ED Zeg 150 36 
Canada, xu AA unes su e 37,238 9,728 60,161 14,637 44,457 11,409 
Denmark.......................- 423 226 46 41 114 136 
LK l.i. ĩðͤ ⁵ 8,202 1,851 4,604 973 5,627 1,258 
Germany, Wess 49,077 12,726 20,711 7,552 1,289 72 
GxleD.. ETE 8 57,271 13,019 56,516 12,062 57,451 13,973 
Peis 5622 d2 v dera E 70,377 18,506 75,105 18,896 57,249 15,687 
South Africa, Republic of ,989 1,937 8,298 2,201 12,558 , 706 
Eet ee ns 3,308 728 3,868 847 n 8 
United Kingdom. ................ 17,680 4,344 22,919 5,546 8,664 3,752 
r 30, 478 6,941 19,775 4,155 27, 862 6,272 
M/ ˙¹· eege „570 1,127 549 368 853 259 
Total ˙⅛?³ͥ ũ ꝓũ A 363, 598 88,697 338,120 81,472 278,380 72, 093 
Reclaimed serap, etc. (lead content): 
Kaas ĩ see 1,086 485 2,280 986 36 1 
Canada... . conse 6,431 1,319 2,834 528 4,866 1,222 
Dominican Republic 24 42 292 31 236 2 
Germany, West 1,472 333 NA PM S e 
MexicO. sus. A et DL dept: 278 43 670 111 1,253 191 
Netherlands Antilles 187 38 60 11 45 9 
New Zealand T1 11 64 11 2 š e" 
/ o˙’ ee me ce oa 374 56 221 27 420 69 
Ad EE 136 31 60 10 106 23 
TOtaül.s:-ceecomec:seedu cedes 10,289 2,958 6,481 1,715 6,962 1,558 
Grand total.................... r 498,523 7115,154 r432,445 99,321 396,587 97,593 


r Revised. 1967: Canada and Peru revised to none; 1968: Mexico and Peru revised to none. 
! Data are “general imports", that is, they include lead imported for immediate consumption plus material 


entering the country under bond. 
2 Less than 1⁄ unit. 
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Table 27.—U.S. imports for consumption 1 of lead by countries 


1967 1968 1969 
Country Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
Ore, flue dust, and matte, (lead content): 
Australia. oihan 37,879 $7,160 12,640 $2,274 24,003 $5,004 
n e s 14,707 3,020 6,708 1,308 4,308 770 
e Dr / 41,416 8,956 36,912 7,583 44, 764 8,967 
Chile ————ÀÁ CN AN 2,440 513 1,679 3 
ee EE 892 172 113 17 x rc 
Honduras. sus ðͤ cole iae se 5,350 1,085 7,730 1,532 13,992 2,871 
E at ..§;³·¹ 409 5 321 54 555 95 
Porter EEN 40,321 8,213 28,999 5,545 21,794 4,023 
Philippines Rs 264 73 1 1 NM EM 
South Africa, Republic of, 478 51 836 133 413 43 
S ³ðV.AiA ³Ü¹ Aa 2,377 316 Me Sg ER "S 
O here ee aei Deer anan 63 15 163 30 3,778 602 
Potak EEN 144,156 29,111 96,863 18,990 115,286 22,697 
Base bullion (lead content): 
Australis kes TEN CR NES ES 1,979 693 
Belgium- Luxembourg 442 118 8 a WER eer 
Canada 3 ANS plc r8 r4 1 2 
M ³·¹Üw³oꝛ¹ 1 3 p lc p. oc 13 4 
United Kingdom 71 16 SCH — n =š 
G cu uec ce mnc EC mpu ss 55 12 TN rs -— — 
Total: be r 569 r 149 d r4 1,993 699 
Pigs and bars (lead content): 
Australia 53,156 11,900 46,919 9,851 60,791 14,417 
Belgium- Luxembourg 23,281 5,074 19,149 4,354 1,814 476 
i 2222 ee „54 590 En GER 150 36 
(Canada. occas este ee be s 37,236 9,728 60,161 14,637 44,457 11,409 
RE EE d EE 42 22 46 41 108 136 
Fran ee 8.202 1.851 60 973 5,627 1.258 
Germany, West__....------------ 49,077 12, 726 19,711 7,333 1,289 723 
Mexico ese SEE ue 57,271 13,019 56, 516 12, 062 57,451 13,973 
Pon S uum ß ae 70,377 18,506 75,105 18,896 57,249 15,687 
South Africa, Republic of 6,989 1,937 8,298 2,201 12,558 3,706 
United Kingdom 17,680 4,344 22,919 5,546 8,664 3,752 
Yugoslavia 30, 478 6,941 19,775 4,155 2'1,862 6,272 
Other. ocn ð³ aeu mE ute eres 6,878 1,855 4,417 1,215 85 259 
VK CN UE 363,596 88,697 337,620 81,264 278,873 72,104 
Reclaimed scrap, etc. (lead content): 
Australia 67 1 30 14 79 27 
Canada J s m er 6,340 1,296 2,884 528 4,515 1,147 
Dominican Republic 248 42 292 31 236 29 
Germany, West . . . 1,568 369 NES RES c EH 
Mexico... = .. Ne e see cee les 278 43 670 111 1,253 191 
Netherlands Antilles 167 35 60 11 45 9 
New Zealand... ..............-.- 80 12 64 11 E ew 
Panama -.---------------------- 874 56 221 27 420 69 
Other o suysuna Tuy 8 246 87 78 15 134 41 
ö; ĩð2t ou acre Ls 9,368 1,951 4,249 748 6,682 1,513 
Sheets, pipe, and shot: 
Belgium-Luxembourg. ............ 513 129 344 90 121 34 
Canada... 99 88 182 66 190 T9 
Germany, West.. ...------------- 2 (2) 12 4 7 3 
Netherlands 402 105 243 64 49 15 
United Kingdom. ................ 76 22 112 32 30 10 
e ie ena 115 27 ON ee. 121 33 
Other c a m8 5 1 "er coe ES Moe 
Totale: ²·¹“ͤͥ AA mpu 8 1,212 322 893 256 518 174 
Grand total --.-------------- r518,901 7120,230 7439,633 7101,262 403,352 97,187 


r Revised. 1967 Canada and Peru revised to none; 1968—Mexico and Peru revised to none. . 
1 Excludes imports for consumption in bond and export, classified as “imports for consumption" by the 


Bureau of the Census. 
2 Less than 1⁄ unit. 
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Table 28.—U.S. imports for consumption of lead, by classes 1 


(Thousand short tons and thousand dollars) 


Lead in ore, 
flue dust or Lead in base Pigs and bars Reclaimed scrap, Sheets, pipe, Not 
fume, and ‘bullion (lead (lead content) etc. (lead and shot other- 
Year matte, n.s.p.f. content) content) wise Total 
(lead content) ue. value 
— —  —— ——sI—-— — — —- — Ü (value 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
1967.... 144 329,111 1 73149 364 388,697 9 $1,951 1 $322 3542 7:7$120,772 
1968.... 97 18,990 (2) r4 338 81,264 4 748 1 256 278 1 101,535 
1969. 115 22,697 2 699 279 72, 104 7 1. 513 (2) 174 869 97,556 
r Revised 


1 Excludes imports for consumption in bond and export, classified as “imports for consumption” by the Bu- 
reau of the Census. | 
2 Less than 14 unit. 


Table 29.—U.S. imports for consumption of miscellaneous products containing lead 


Babbitt metal, solder, white metal, and other 
combinations containing lead 


Year 
Gross weight Lead content X Value 
(short tons) (short tons) (thousands) 
190r- KT CER 775 413 $1,423 
J K ee 1,204 566 2,244 
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Table 30.—World mine production of lead by countries 


(Short tons) 
Country 1965 1966 1967 1968 1969 p 
North America: 

/ AAA Bees woke 302,950 823,175 889,701 360 , 025 830,781 
Guatemala u“ „017 993 : 520 814 
Honduras_____ ⁵³ð m en end 10,642 12,207 12,879 14,523 15,255 
Mexico... acm 8 183,843 192,072 188,500 191,988 188,378 
United States 2222.22.22 22.2222. 301,147 327,368 319,931 359, 156 509,013 

South America: 
Argentina 35, 534 34, 884 32, 253 34,022 35,000 
Bolivia__...--.----------------------- 17,981 21,484 r 22,964 24,609 e 27,819 
Brazil 25, 000 24,953 25,818 29,782 30,416 
Chile. Paddle 8 863 912 445 1,091 906 
Colombia... olco Ecl 8 507 658 665 816 451 
Pep ER 170,135 159,570 r176,057 170,333 179,592 
Europe: 
/// ĩ˙·¹mm QD s cue LO LI Md. 5,553 5, 336 r 6,215 7,474 1,500 
Bulgaria °... ------------------------- 110,200 110,200 r 94,909 95,019 90,940 
Czechoslovakia c 15, 400 15, 400 r 7,500 7,800 8,000 
Finland uu . EEGEN 6,952 5,107 ` 5,216 4,987 5,019 
IK EE 19,898 29,491 30,155 e 29,100 e 33, 400 
Germany 
Bast wm aa aaa 11, 000 13, 000 r 13,000 13, 000 13, 000 
CCC 54,727 61,099 r 65,454 57,867 43,335 
GIO60QB. oce mwſ. mv ee etd mdi. 10,626 10,748 9,900 9,900 9,458 
[Ireland uz kal r e RIDES ue 2,853 44,100 66,000 68,000 e 63,700 
( ³Wwü x 39,098 40,456 42,626 40,207 e 39,700 
NC cues dest wee sie udiecee ue 3,860 8,887 3,660 3,892 e 3,500 
Poland. sue ß yasa sia TS 45,400 49, 700 49, 300 52, 900 54, 000 
NEE 168 1,890 1,653 2,123 e 2,170 
RUMANIA t? 8 17,000 44,000 44,000 44,000 44,000 
Le EE 62,435 69,923 r 70,207 81,621 76,700 
e ß rE TRA 76, 00 78,138 81,130 19,400 e 79,400 
T)). ³˙ÜW ÜüꝛmÄ K ET Ede 386, 000 413,000 440,000 460,000 490,000 
United Kingdom. ....................- 101 r 3,580 3,580 e 3,300 
RE Yugoslavia___....-..----------------- 117,122 113,097 r 119,137 123, 203 135, 600 
rica: 
ͤĩ[ð² ⁵“ EE 11.514 4,398 r 9,946 e 5,950 e 7 ,200 
Algeria (Brazzaville) e) ,100 3,900 r1,552 e 1,000 NA 
Morocco 85, 000 85, 536 57,707 79,787 71,832 
Nigel“ cx eMe deme 770 1,80 e 900 TM NM 
South-West Africa iii 96,789 93,745 r 78,006 61,927 66,634 
III emLc-cwced usum 17,494 17,561 13,720 16,213 e 16,500 
Geng KARTEN 23,529 20,679 21,055 24,133 25,350 
sia: 
ie Deeg 21,400 13,200 r 9,900 9,900 9,900 
China, mainland a 110, 000 110, 000 100, 000 110, 000 110, 000 
» Zes ⁵⅛ĩð- d.... a eee Sees 4,388 4,11 2,608 2,810 2,239 
lrün EE 12,875 16,182 16,300 e 16,500 e 26,400 
Eege 60,550 69,551 69,970 69,306 70, 037 
Korea: 
N lllĩ§/‚õʒõ̃· rr ee ees 66,000 66,000 72, 000 77,000 77,000 
IN A ull le sce u SSS S 5,367 8,422 10,675 19,031 18,163 
Philippines 116 101 105 9 74 
Thadend......-2222lz2:2252-925c9 6,152 7,023 8,833 2,998 2,094 
juil Me ³ A 8 1,854 1,030 2,599 2,443 2,440 
Oceania: Australian 405, 594 408,687 1 420,873 428,712 490,891 
ak KEE 2.966,508 3,138,779 3,159,343 3,298,741 3,523,401 


e Estimate. 

1 Recoverable. 
2 Smelter production. 

3 Year ended March 21 of year following that stated. 
4 Totals are of listed figures only. 


P Preliminary. r Revised. 


NA Not available. 
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Table 31.—World smelter production of lead by countries 1 

(Short tons) 

Country 1965 1966 1967 1968 1969 p 
== = = e d c S S z L ee 
North America: 

Canada (refined). . -22----2222-2a0 186,484 184,871 190,279 202, 100 187,142 
Guatemalaa ag 126 237 78 220 248 
Mi ⁵ 88 181,117 189,757 r177,990 189,884 186,308 
United States (refined) ?........... ` 418,249 440,726 379, 894 467,310 638,655 
South America: | 
Argentina S. cose gloat ee es 35,300 24,900 24,250 27,550 24,000 
Bolivia (refined and solder 1,032 1,246 261 225 25 
i e 2t Ee 10,654 10,955 18,997 17,821 20,635 
„% E So ee cee 95,668 97 , 848 r 90,189 91,900 85,895 
Europe: . 
HR 8,481 7,907 8,586 7,779 8,245 
Belgium EE 122,089 102,139 107,696 105,300 107,365 
p enaere eaan On 102,979 102,346 106,500 107,000 104, 900 
Czechoslovakia 333. 22, 000 22, 000 19, 300 19, 300 19, 800 
l! ME 108,419 119,753 125,674 e126, 800 » 182,300 
Germany 
n QUAE E c 27,600 271,600 27, 600 27, 600 27, 600 
lace enu M ( 114,674 120,841 150,250 132,300 138,680 
Greece Ser bullion from ores ` ` 5,700 060 6,060 9,768 12,800 
[Italy nd totum od 88 50,067 59,269 66,689 63 , 442 68 , 700 
Poland EES 45,620 47,986 48, 800 46, 300 55, 900 
Portugal (refined) §__.-..-.------------ 1,442 1,166 1,183 1,858 e 1,100 
Runes Slee eel aise 8 17,000 44,000 44,000 44,000 44,000 
sj oj EM DH E 59,321 72,643 57,937 70,685 89,458 
Sweden (refined) EEN 44,346 48,171 r 46,300 46,18 46,407 
ͤͤ 8 386, 000 418,000 1529, 000 556, 000 585,000 
United Kingdom 4 EE UH TN E 25,305 17,796 29,566 85,150 48,052 
NE Yugoslavia ?. )))) 111,889 107,809 +*112,314 104,540 182 , 300 
rica: 
Morocco. e tuse ke 18,995 20,696 23, 544 26, 638 29, 582 
South-West Africa 72,791 82,976 81,078 67,454 67, 085 
'Tüñnigig S; u ruru uy ĩ ĩ 15,627 15,403 14,600 15,459 e 15,400 
nm i e a A 23,529 20,679 21,055 26,594 25,400 
sia 
BUB s. eic 8 17,600 15,400 14,300 9,900 11,000 
China, mainland e... qa 110,000 110,000 99,000 110,000 110,000 
India. E ,628 2,803 2,727 1,653 „186 
Tapt t ese clesie SL es 367 887 38 "400 400 
japan MU HM MERO 8 119,433 130,715 165,316 181,410 205, 708 
orea: 
North (C••Ü·Ü ⁰ IL RES 55,000 55,000 60, 000 60, 000 60,000 
SSS §·§; ę mm I d 90 1.772 3,293 8,438 8,834 
ureegen 1,012 550 550 550 660 
Oceania: Australia (refined and bullion) ` ` 291,440 299,514 327,074 326, 897 379, 078 
J! . gu uuu Du 2.910, 884 3,026,266 3,182,316 3,330,912 3,670,848 


e Estimate. P Preliminary. r Revised. 


! Primary, except as noted, or source does not differentiate. 
2 Lead refined from domestic and foreign ores; excludes lead refined from imported base bullion. 


3 Includes recovery from secondary materials. 
* Lead bullion from imported ores and concentrates. 


$ Lead bars only; does not include lead contained in antimonial lead or solder. 


6 Year ended March 21 of year following that stated. 
? Totals are of listed figures only. 
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Lime 


By Robert A. Whitman? 


The use of lime increased 8.4 percent in 
1969. Increases of 19 percent in use for soil 
stabilization in construction work, and of 
15 percent in use in steel fluxing were 
major contributors to the total increase. 


The encouraging factor was that the 
increases in usage were general throughout 
most of the industry. The only decreases 
reported were in agriculture, finishing 
lime, and the paper and pulp industry. 


Table 1.—Salient lime statistics in the United States 
(Thousand short tons and thousand dollars) 


1965 1966 1967 1968 1969 
Number of primary plants 212 208 209 206 201 
Sold or used by producers: 
kleeden 12,009 18,195 r 18,449 14,440 15,479 
ydrated lime. ......--------------------- 2,609 2,669 2,656 2,864 2,864 
Dead-burned dolomite. .................... 2,176 2,198 1,880 1,888 1,866 
TOU EEN 16,794 18,057 r 17,985 18,687 20,209 
%%% ũĩòôë . 8 $232,939 9,688 r $240,216 9,689 $280,786 
Average value per ton....---------------- $18.87 $13.27 1818.36 $15.89 $15. 
Open market 10,449 11,451 11,461 12,054 18,118 
Captive. Be ecu Rc LLL ¼8 6,845 6,606 r 6,524 6,588 7,096 
J ⁵ ⁵ ⁵ DT 40 52 69 51 
Imports for consumption 2) 276 196 128 106 195 
r Revised. 


k Data may not add to totals shown because of e rounding. 


value, f. o. b. plant, excluding cost of con 


s Bureau of the 


DOMESTIC PRODUCTION 


Although the number of active, primary 
lime plants decreased from 206 in 1968 to 
201 in 1969, the quantity of lime produced 
in 1969 was some 1.5 million tons more 
than in 1968. 

A new rotary lime kiln 11 feet in diame- 
ter by 310 feet long was projected for the 
Erie, Pa., plant of the Hammermill Paper 
co. 


Work on a new calcining plant to pro- 
duce calcium oxide (CaO) was started at 
Lorain Ohio, for the United States Steel 
Corp. The new plant was to include two 
vertical shaft kilns and serve a new basic 
oxygen furnace shop under construction. 
Republic Steel Corp. announced a new 
limestone-calcining plant on the Grand 
River in northeastern Ohio. The plant 
was designed with two rotary kilns to pro- 
duce 345,000 tons of burnt lime annually 
for use in Republic’s northern Ohio steel 
mills. 

A new mine was opened near Comfort, 
N.C. on a deposit estimated to contain the 


equivalent of 22 million tons of lime. It is 
the first such operation in eastern North 
Carolina. Delivery by truck and barge was 
planned. 

Ash Grove Cement Co., Kansas City, 
Mo., modernized its plant at Springfield, 
Mo., to produce 18 tons per hour of high- 
purity chemical-grade lime with 99.0 per- 
cent passing 200 mesh. Ocean Industries of 
Fort Lauderdale, Fla., announced construc- 
tion of a $2 million plant at Brunswick, 
Ga., to produce lime. It also was to pro- 
duce aragonite which is mined from the 
ocean floor south of the island of Bimini 
in the Bahamas. Aragonite, a high-purity 
calcium carbonate, was used in the agricul- 
tural and chemical process industries. The 
Texas Lime Co. announced plans to triple 
the size of its lime plant west of Cleburne, 
Tex. by installation of a 350-ton-per-day 
rotary kiln. 


1Physical scientist. 
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Table 2.—Lime, primary, sold or used by producers in the United States, by States 
(Thousand short tons and thousand dollars) 


State Sold Used Total 
Active Quan- Value Active Quan- Value Active Quan- Value 
plants tity plants tity plants tity 

Arizona. 8 W 4 W 7 260 4, 561 
Arkansas 1 72 $97 4 184 $2,087 5 206 8,058 
California 6 210 8,708 11 857 5,598 16 568 9,801 
Colorado 2 W 12 W W 18 125 2,875 
Florida................ 8 W W 1 W W 3 125 2,059 
Hawaii 2 W W 1 W W 2 8 268 
Louisiana 2 W W 2 W W 4 781 10,159 
Massachusetts 3 W 1 W W 8 198 8,880 
Michigan n 4 782 9,469 8 848 10, 401 11 1,630 19,870 
Montana E zc s 4 179 2,005 4 179 2,005 
New Mexico ae ee: E 1 27 877 1 27 877 
New York............- 1 W W 3 W W 8 1,086 10,154 

ü - 16 W W 8 W W 21 3,701 49,367 

CT 2 W W 2 W W 4 120 2,407 

Pennsylvania 13 W WwW 2 W 14 1,702 24,272 
Texag____ eect 9 8288 10,454 6 786 10,701 14 1,564 21,1 
Utah- —— S uz 8 W W 4 W 7 174 8, 
Virginia 9 W W 2 W W 10 919 11,188 
West Virginia 8 W W 1 W W 3 207 2. 
Wisconsin............. 5 224 8,620 Lt Ee "m 5 224 8,620 
Connecticut, Maryland, 

New Jersey, Vermont. 6 80 1,360 S ae EN 6 80 1,860 


Illinois, Indiana, Iowa, 
Minnesota, Tennessee, 
Missouri 3 15 3,185 89,916 8 87 2,059 20 3,272 41,975 


braska, North Dakota 
88 South 


1 Wyo zc 8 144 1,847 10 126 2,415 18 270 4,262 
bie C 5 828 5,788 6 116 1,561 11 499 7,298 
Un buted I. --. 6,206 88,185 -.. 3,973 47,225 om He aa 
Total J... 122 12,054 165,212 104 6,588 84,427 206 18,687 249,689 
Puerto Rico. .......... 1 89 1,187 mm AM € 1 89 1,187 
1969 
Alabama 5 W W 2 W W 5 747 9, 870 
Arizona 3 W W 4 W W 6 283 5,074 
Arkansas 1 W W 3 W W 4 184 2,748 
California 6 225 8,958 10 860 5,708 15 585 9,666 
Colorado 1 W W 10 W WwW 11 127 2,449 
Florida................ 2 W W 1 W W 3 182 2, 712 
Hawaii —-— - 2 W W 1 W W 2 9 287 
Louisiana 2 W W 2 W W 4 822 10, 750 
Massachusetts 8 W W 1 W W 3 199 8,718 
Michigan 4 W W 7 W W 10 1,589 20,872 
Montana "S ee SERA 4 255 2,787 4 255 2, 
New Tork 1 W W 3 W 8 1,05 10, 224 
HE 17 2,548 40,085 9 1,611 20,989 28 4,159 60,975 
„ 2 W W 2 W 4 115 2, 
Pennsylvania 12 W W 2 WwW 18 2,008 28,952 
Texas... ----------- 10 866 10,155 6 768 11,952 15 1,638 22,1 
E s PEE A 8 W W 4 W 7 191 8,947 
Vermont 1 2 25 xd ix Eu 1 2 
5 7 W W 2 W W 8 1,072 13, 658 
West Virginia 8 W W 1 W W 8 269 8,6 
isconsin. ...........- 5 w W 1 W W 6 244 4,080 
Connecticut, Maryland, 
New Jersey 5 5 96 1,661 dog sen = 5 96 1,661 
Illinois, Indiana, Iowa, 
Minnesota, Missouri, 
Tennessee........... 15 3,459 48,245 8 89 2,018 20 3,547 45,268 
Kansas, pp Ne- 
braska, New Mexico, 
North Dakota, Okla- 
homa, South Dakota, 
yoming............ 8 149 1,672 12 182 3,805 15 831 4,977 
Idaho, Nevada, Wash- 
77 5 378 6, 625 6 126 1, 880 11 505 8, 504 
Undistributed 1. -.. 5,891 75, 901 -.. 8,705 48,920 ied n ES 
Total3.......... E 18,113 188,277 101 7,096 97,458 201 20,209 280,786 
Puerto Rico. .......... 41 1, 505 SS Gu SS 1 41 1,505 
W Withheld to avoid 5 individual company confidential data. 
1 Includes items indicated b bol 


2 Data may not add to totals ws because of independent rounding. 
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Table 3.—Number and production of domestic lime plants, by size of operation 1 


1968 r 1969 
Annual production — nVO (— — V Ph[  N— . TU 
(short tons) Number Production Percent Number Production Percent 
of 3 of of thousand of 
plants ort tons) total plants short tons) total 
Less than 10,000 46 228 1 42 209 1 
10,000 to leas than 25,0000. 48 698 4 40 645 8 
25,000 to less than 50,000 85 1,261 7 88 1,174 6 
50,000 to less than 100,000. ....... 25 1,761 9 29 2,024 10 
100,000 to less than 200, 000. 26 8,792 20 22 3,871 17 
200,000 and over 31 10,957 59 85 12,787 68 
lll ee 206 18,687 100 201 20 , 209 100 
z Revised. | 
1 Includes captive tonnage. 
Table 4.—Lime sold or used by producers in the United States, by uses 
| (Thousand short tons) 
1968 1969 
Use ——-J nHO 
Open Captive Total Open Captive Total 
market market 
Agriculture. em mm é 218 Set 218 180 m 180 
Construction: 
Finis e Ee 806 806 278 278 
Mason’s lim 446 (1) 446 456 (1) 456 
Soil stabilization. ...................... 658 658 788 788 
GG AA ⁰⁰⁰ E EEE 11 11 15 15 
Totali EEN 1,422 (1) 1,422 1,582 (1) 1,532 
Chemical and other industrial: 
(ammonium, potassium, and so- 
dium compounds) 61 2,940 8,001 75 2,926 8,002 
Brick, sand- , slag, and silica. ......... 1 SS = 
Calcium carbide........................ 468 268 781 491 274 165 
|t ois E E oer ĩ⁊ͤ 88 888 = 888 890 
Other chemical uses ........-....--- 748 11,131 11.879 855 1.219 2,074 
Metallurgical uses: 
Aluminum......-....-......----.- 8 187 W 187 188 W 188 
Gre eor smelting......................-- 161 207 868 198 816 509 
gren 77 SUD Mrd 78 — T8 W 2a 
Ge 4,862 666 5,028 4,785 1,001 5,786 
Metall (the 8 208 z 864 867 282 
Paper and ung OUR NER E a Sati Ds r 99 991 970 W 970 
wage an trade. wastes treatment. .......... 874 74 401 
lp. s Pase m 28 682 710 81 702 784 
Water softening and treatment 1,089 W 1,089 1,112 W 1,112 
TO EE 8,900 1 6,270 15,170 9,877 6,758 16,680 
Refractory lime (dead-burned dolomite) 2 1,520 818 1,888 1,524 849 1,866 
Grand total$3.......................-- 12,054 6,588 18,687 18,118 7,096 20,209 


r Revised. W Withheld to avoid disclosing individual co mp any confidential data. 
1 Included with “Other chemical uses” to avoid disclosing rin ividual company confidential data. 
3 Data may not add to o totals shown because of rounding. 
3 Includes aan 53 (precipitated), coke and gas, food and food byproducts, insecticides, esia, 
8 N refining, rubber, tanning, miscellaneous unspecifi uses, 
mason's lime, an Tanis indicated by symbol W. 
4 Includes various metallurgical uses and items indicated by symbol W. 
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Table 5.—Destination of shipments of primary open-market lime sold in the 
United States, by States 


(Thousand short tons) 
1968 1969 
SS Quicklime Hydrated Total Quicklime H ted Total 
e y ota cklime ydra o 
lime lime 
Alabama. .... . . .. . . . 282 84 816 298 28 826 
Alaska... . eres W w 1 w W 1 
/ ec 8 W W 181 W 157 
Arkansas 34 25 58 86 81 67 
California 305 114 419 886 128 464 
Colorado 80 19 99 7 18 19 
Connecticut. .................. 71 2b 97 14 26 100 
laware.................-.-.- 82 8 41 84 8 42 
District of Columbia W W 4 W 5 
Florida o. oss eek 195 58 249 214 55 269 
CCC 95 20 115 107 21 127 
Hawaii W W W W 
IS . . . EL W W 11 W W 20 
Illinois 619 160 780 854 156 1,010 
Indiana . J... .. 1,072 68 1,140 1,211 68 1,280 
Ce EE 62 80 58 22 81 
(et aaa amas S asum ms 42 40 82 72 22 94 
Kentucky..................... 571 17 588 599 16 614 
Eur bor tm E 165 68 288 195 69 264 
Ale... eee ade 48 12 60 48 12 60 
Maryland...................-. 846 17 864 426 28 449 
Massachusetts W W 2 W W 22 
ichigann n 849 56 905 915 52 967 
Minnesota... ------ 110 15 126 129 15 144 
Mississippi 84 106 75 29 104 
ud oap 8 144 89 188 117 42 158 
Montana... e 4 2 5 11 1 12 
Nebraska 10 11 21 12 11 

Nevada... ee 42 8 45 85 8 89 
New Hampshire 8 4 12 W W 12 
New Jerse . ----------- 73 95 168 91 114 206 
New Mexieo. --------- 39 85 74 1 87 88 
New York.................---- 218 164 882 258 175 427 
North Carolina. 87 88 121 104 29 188 
North Dakota. a.. 10 18 28 11 16 27 
§öðÜ⁊ A ] 0. 1,468 197 1,606 1,177 152 1,829 

Oklahoma. .................-.- 62 45 107 5 57 11 
Geo... 61 19 80 4 18 66 
Pennsylvania 1,114 176 1.290 1,498 187 1,680 
Rhode Island W 16 9 7 16 
South Carolina 49 9 58 40 7 47 
South Dakota 12 34 47 12 37 49 
Tennessee 95 42 186 104 48 146 
de EE 892 444 885 885 510 895 
f‚§«§«ðẽ dee osu 63 14 Vu 62 25 87 
Vermont W W 2 W 2 
I ² 8 84 84 117 178 42 215 
Was EE 57 20 77 72 24 97 
West Virginia 222 20 242 274 28 297 
Wisconsin. _.. ------2-.- 118 56 169 128 52 176 
yoming..................-..-- w w w w w 
Undistributed Iii. 109 96 18 127 99 | 6 
TOtal 3. / ˙·˙ »A aneh 9, 597 2,850 11,947 10,478 2, 505 12,988 


W Withheld to avoid disclosing individual company confidential data. 


1 Includes States indicated by symbol W. 


3 Data may not add to totals shown because of rounding. 


CONSUMPTION AND USES 


The use of lime registered gains in 
nearly all fields of consumption in 1969. 
Overall the gain was 8.4 percent, while the 
use of lime for steel fluxing increased 
about 15 percent and the use for soil sta- 
bilization increased 19 percent. The use of 
lime as a flux in steelmaking has more than 
doubled from 1965 through 1969. The 
basic oxygen furnace was the principal 


reason for the increase. In the same 
period, the output of steel from the basic 
oxygen furnace increased 2.6 times. 

As the population density forced the use 
of less desirable land, the need for inex- 
pensive methods of soil stabilization for 
such projects as roads, airports, buildings, 
and parking lots accounted for the large 
increase in the use of lime for this purpose. 


LIME 


One technique of stabilizing a highway 
grade was outlined in an article in Roads 
and Streets.2 

Increases in the consumption of lime for 
treatment of sewage and industrial wastes, 
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for water softening, and for chemical and 
industrial uses, also contributed to the 
8.4-percent gain in 1969 lime consumption 
and were expected to be a factor in con- 
tinued future growth. 


PRICES 


Price quotations for various commodities 
are reported in the Engineering News 
Record each month. Prices for delivered 
hydrated finishing lime in 1969 ranged 
from $63.00 per ton in Seattle to $24.50 
per ton in Cincinnati. The average price 
reported for 20 major cities was $43.92 per 
ton in December. Prices for pulverized 
quicklime ranged from $64.00 per ton in 


Seattle to $24.50 per ton in Cincinnati. 
The price on common lump ranged from 
$29.76 per ton in San Francisco to $24.50 
per ton in Cincinnati. 

The average value of lime sold or used 
by producers, fo.b. plant, excluding the 
cost of containers, was reported to the 
Bureau of Mines at $13.89 per ton. The 
comparable 1968 price was $13.39 per ton. 


FOREIGN TRADE 


In 1969, the United States shipped to 
nearby Canada nearly 70 percent of the 
total lime exported, with just over 19 per- 
cent going to Mexico. Of the remainder, 
divided among 35 countries, the only coun- 


ton value of lime imported was only two- 
thirds of that in 1968. 


Table 6.— U.S. exports of lime 


tries to take over 1 percent of our export Year Short Value 
total were the Bahamas, the Philippine tons (thousands) 
Islands, Japan, and Australia. U.S. imports (aen —— 52,148 $1,099 
of lime increased nearly 84 percent, practi- — 1968.................. 68,915 1,487 
cally all from Canada. The average per 1969.-.--------------- 51. 006 1,158 
Table 7.—U.S. imports for consumption of lime 
Hydrated lime Other lime Dead-burned Total 
dolomite 1 
Year 
Short Value Short Value Short Value Short Value 
tons 3 (thou- tons 2 (thou- tons 2 (thou- tons 3 (thou- 
sands) sands) sands) sands) 
19677 545 312 79, 988 $961 42,413 $1,832 122,941 $2,805 
1968...........- 878 21 71,632 877 88,498 1,552 106,008 2,450 
196999. dĩ 39, 270 44,471 1,911 10,780 568 | 194, 521 3,021 


Dead - burned basic refractory material consisting chiefly of magnesia and lime. 


2 Includes weight of immediate container. 


WORLD REVIEW 


Canada.—A new hydrated lime plant 
was announced for Joliette, Quebec. Plans 
by Domtar Chemicals, Ltd. Montreal, 
Quebec, called for a $750,000 plant to 
replace an outmoded facility which the 
company planned to demolish. 
New  Zealand.—New Zealand Steel 
announced plans to get its burnt lime 
from the Otorohanga works of McDonald's 
Lime (New Zealand) Ltd. It was 


announced that about 4,000 tons would be 
needed annually as a flux in steelmaking. 

United Kingdom.—It was esimated that 
annual maintenance requirements for 
liming agricultural land in the United 
Kingdom were about 4.5 million long tons. 


2 Thompson, M. R. Lime-Soil Stablization: Deep 
Plow SC e. Roads and Streets, v. 112, No. 3, 
March 1969, pp. 80, 83, 88. 
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Table 8.—World production of quicklime and hydrated lime, including 
dead-burned dolomite, sold or used, by countries 


(Thousand short tons) 
Country ! 1967 1968 1969 » 
North America: 
Canada... ana cos cL sss ec ·ĩ- esse ee aS DE 1,423 1,440 1,718 
Costa Ri...... 9 9 9 
Ci i i EN 21 19 19 
Petr ð¹i kA Re eed Red RM RE 85 89 41 
United States (sold or used by producers )) r 17,985 18,637 20,209 
South America: 
Il. M T" ͤ ³ĩðV³A EE E r 1,477 1,669 «1,764 
ge tsan aaa SR A 965 1,008 ° 1,025 
PAFAQUAS E 19 20 20 
Uruguay $. u suu aylu ⁵ cece 77 66 56 
Europe: is 
|o s. À r 764 e 794 680 
r aaa r 2,858 2,872 2,899 
ÄPœæCCPpꝙppß pss MERERI U — Á— 1,069 1,069 e 1,069 
Czechoslovakia... . . Lll lll lll Lll... 2,604 2,024 e 2,535 
D uico ececencóesQae wie Mex msh MR MU Eus dE EE: e 209 e 209 
FF ³·¹ .„˖„„WA/. s sue Led 254 281 285 
La rl ""———— — ————— M" r 4,888 4,889 ° 4,685 
Germany 
ol D RR TS r 2,762 2,848 2, 866 
N C" 11,180 11,722 11,758 
HUngATy. uu rs; d 882 808 ° 
r eo osx ede Ex memes eu aee E mE EE 46 69 
JJ A E ° 5,401 e 5,512 6,388 
NOPWSY E 246 e 250 
POIGNG MEET ͤ- 0k m : Á— 2,599 2,528 «2,535 
ae ß , 1,157 1. 157 e 1,157 
i ———————— — (€ OR 7 e 847 e 864 
BWedeh.. c ccc. e lnenacdszcedesamaca ce eus ce r 1,015 e 1,025 «1,025 
Switzerland. 162 ° 
US S cR 21,661 22, 885 e 28,149 
ge AT TEE r 1,606 ° 1,609 i 
ca: 
Ethiopia (including Eritrea)......................-.- 26 25 
South Africa, Republic of (sale 2------ 964 914 999 
gu lir NEMO" 8 12 
jh p NC rp y aE 187 ° 187 ° 187 
Uganda: d '"''———— 204 22 NA 
Zampa c ascese ³o ⁵ m ANAA 77 79 ° 77 
MEENUNG MEHR e 90 ° 94 110 
Indis uu 22 u ⁰ .... aede used Eee NA 813 836 
˙ôÄõ;è 1, 102 1,102 1,102 
JOD ORs cee ę ] .. 8 8,897 8,996 4,657 
UFC T ³ / A euism e de 1 ° 
Lebanon EE 55 99 182 
leren 44 44 
ERR eelere 93 116 288 
Saudi Arabi. 2 7 12 e 10 
ek VK 102 148 122 
Oceania: 
¶1111̃ͥ˙ ]Ä 6 - m••m e a aA 210 287 ° 281 
Fiji CT, TEE 8 4 5 
%/////§«§éêͤ%õ ᷑ k «̃ — Z.... ME sunsu r 89, 746 93,259 97,591 


Estimate. P Preliminary. ` Revised. NA Not available. 

1 Lime is produced in many other countries besides those listed. Congo (Kinshasa), Mexico, Nicaragua, 
Venezuela, and United Kingdom are among the more important countries for which official data are unavailable. 

2 For Europe the data includes lime only, and in the case of France, high-grade lime only. France’s total 


lime production is much larger than that shown. 
3 Year ended June 30 of year stated. 
4 Totals are of listed figures only. 


TECHNOLOGY 


A technique for preparing sound lime 
(CaO) specimens with closely controlled 
properties was described. The procedure 
involved calcination of the carbonate, fol- 
lowed by compaction and low-temperature 
sintering of the calcium oxide. Greatest 


control over water reactivity of the speci- 
mens was achieved by variation of the cal- 
cining conditions. Compacting the lime at 


3 Schlitt, W. J., and G. W. Healy. Preparations 


of Lime Specimens With Closely Controlled Pro- 
perties. Am. Ceram. Soc. Bull., v. 49, No. 2, 
February 1970, pp. 212-215. 


LIME 


various pressures primarily controlled the 
bulk density and porosity. Measurements 
of the apparent specific gravity, percent 
porosity, bulk density, specific surface area, 
and average pore size were made on the 
specimens. Results compared  favorably 
with those obtained on lime produced 
from natural carbonate materials. 
Marketing of a multicolumn vertical 
lime kiln was announced. The Schmid- 
Hofer limekiln, developed in Austria, was 
expected to produce a soft-burned, high- 
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quality lime through the use of a patented 
regenerative and parallel flow principle. 

Precipitation reactions using waste lime 
for production of various metallic salts 
were outlined in an article on the recovery 
of minerals from effluents.5 


*Pit and Quarry. Vertical Lime Kiln Develop- 
ment Now Marketed in U.S. and Canada. V. 62, 
No. 7, January 1970, pp. 162-163. 

5 Teworte, Wilhelm. Economic Aspects of Re- 
covery of Minerals From Effluents. Chem. and Ind., 
No. 18, May 8, 1969, pp. 569—571. 
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Magnesium 


By John R. Lewis 


Shortages of magnesium metal which had 
existed for several years began to ease in 
1969. Production, shipments, and productive 
capacity increased slightly, and deliveries of 
primary magnesium and alloy ingot 
from the Government stockpile continued 
throughout the year. There were, however, 
indications of oversupply within.a year or 
two. One new plant went into production 
and a smaller plant was permanently shut- 
down. In the Great Salt Lake, Utah, area 
there was considerable construction and 
other developmental activities aimed at 
use of the lake's brines as a source of mag- 
nesium, while other new magnesium plants 
were well beyond the talking stage. 


Legislation and Government Programs.— 
The General Services Administration, under 
a law passed in October 1968, continued 
active disposal of magnesium from the 
Government stockpile. A total of 26,480 
short tons was committed to sale during 
1969. A revised stockpile objective under 
conventional war conditions was established 
on December 3, 1969, by the Office of Emer- 
gency Preparedness at 78,000 tons. This 
would leave a surplus of 12,000 tons in the 
stockpile at termination of the October 
1968 program. 


1 Physical scientist, Division of Nonferrous 


Metals. 


Table 1.—Salient magnesium statistics 


(Short tons) 
1965 1966 1967 1968 1969 
United States: 
Production: 
Primary magnesium 81,861 79,794 97, 406 98,875 99,886 
Secondary magnesium 13,617 15,129 183,444 15,525 e 12,978 
Shipments: Primar 85,796 96,443 100,748 103, 671 117.702 
Exports______ 222 17,836 14,869 11,989 18,364 26,082 
Imports for consumption. nn 2,551 8,265 9,285 4,077 8,515 
Consumptioůo nn 69, 622 82, 678 90,775 86, 427 95, 057 
Price per pound cents 85.25 35.25 35.25 35.25 5. 25 
World: Primary production nn 178,318 179,894 208,575 212,668  »221,649 


e Estimate. P Preliminary. 


DOMESTIC PRODUCTION 


U.S. production of primary magncsium 
rose a nominal 1.5 percent (1,511 short 
tons) in 1969, to 99,886 short tons. Second- 
ary magnesium recovery was estimated to 
be close to 13,000 tons for the year. 

For a short period in 1969, almost the 
entire quantity of primary magnesium 
metal produced in the Nation for consump- 
tion, as opposed to in-plant use, came from 
the Dow Chemical Co.’s two electrolytic 
plants in Texas. This production was aug- 
mented late in the year by smaller output 


from the new Snyder, Tex., plant of Ameri- 
can Magnesium Co. Plans for new plants, 
some already begun, will beget great in- 
creases in the Nation's primary producing 
capacity by 1970-71, and some sources in- 
dicate that by 1972 the producing capacity 
in the United States will be nearly 300,000 
tons per year, almost double that of 1969. 
At Snyder, Tex., in June, American Mag- 
nesium Co. began charging cells and pre- 
paring to produce magnesium metal from 
brines from 1,600-foot-deep wells some 23 
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miles distant. The brine is moved to the 
plant via an asbestos cement pipeline. The 
Snyder plant's initial output was slated to 
be 10,000 tons per year, a rate not achieved 
at yearend. However, operations were about 
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1972. Low-cost gas is an important factor in 
the brine processing. The dehydrated brine 
is fed into electroytic cells, out of which 
come 3 pounds of chlorine gas per pound 
of magnesium produced. In the spring, 


on schedule toward an ultimate production 


National Steel Corp., acquired a 30-percent 
level of 30,000 tons per year sometime in 


interest in American Magnesium. 


Table 2.—Magnesium recovered from scrap processed in the United States, 
by kinds of scrap and forms of recovery 


(Short tons) 
1965 1966 1967 1968 1969 » 
Kind of scrap: 
New scrap: 
Magpnesiurm-base Lc. ll... 6,306 6,462 5,062 7,006 4,767 
Aluminum base 8,643 4,127 4,266 r 5,050 5,239 
M ³˙Ü¹i1 ae A 9,949 10,589 9,328 712,056 10,006 
Old scrap: 
— 2,282 8,321 2,973 2,118 1,700 
Alumninum-base. 2 17. 1.86 — 1,219 — 1,143 — 1856 1.267 
Ole) RETENIR OEC NEMUS 8,668 4,540 4,116 r 3,469 2,967 
Grand total |... 2. 2222.2. lc... 13,617 15,129 18,444 715,525 12,978 
Form of recovery: 
Magnesium alloy ingot ll. 2,188 5,202 3,760 2,502 8,281 
Magnesium alloy castings (gross weight) 1 2 89 1 11 
Magnesium alloy shapes... ---------------- 58 70 103 82 149 
Aluminum alloy 7,947 6,886 6,157 r 9,900 7,888 
Zinc and other alloy 2 1 18 18 
Chemical and other dissipative uses 542 281 25 64 63 
Cathodic protection 2,895 3,199 3.342 2. 944 1. 625 
Total- oenas ˙.m . ũ½ mr! seh te 13,617 15, 129 13,444 1 15, 525 12, 973 


p Preliminary. r Revised. . f : 
! Figures include secondary magnesium content of both secondary and primary magnesium alloy ingot. 


Oregon Metallurigical Corp. proceeded 
with an $8 million expansion program at 
its Albany, Oreg. plant, where $3.5 mil- 
lion was allocated to a 10,000-ton-per-year 
plant which will use modified Alcan cells 
for electrolytic magnesium production. Tar- 
get for completion was early 1970. Magnes- 
ium will be used and reused within the 
plant in the making of titanium sponge. 

National Lead Co. acquired, by an ex- 
change of stock, the minority interest in 
H-K, Inc, which had conducted pioneer 
engineering studies and pilot plant investi- 
gation on the commercial production of 
magnesium metal and chlorine from the 
brines of Great Salt Lake. By mid-1969, 
National Lead was reported ready to under- 
take construction and operation of a nearly 
$70 million single-site electrolytic reduction 
plant utilizing solar evaporating ponds and 
auxiliary facilities. Magnesium capacity of 
the plant was rated at 45,000 tons per year. 
The site for the plant was the southwest 
shore of Great Salt Lake near Rowley and 
Grantsville, Tooele County, Utah. Part of 


the plant's capacity was to be ready in 1971 
and the balance by 1972. Output will be 
primary magnesium and alloy products, 
and byproduct possibilities were expected 
to include gypsum, potash, magnesium 
oxide, salt cake, potassium sulfate, and 
lithium compounds. This plant, once fully 
operational, will increase U.S. magnesium 
output by slightly more than one-third. 
A second Utah magnesium project also 
moved forward during the year. Known as 
the Great Salt Lake Minerals & Chemicals 
Corp., it is situated on the northeast side 
of the lake in the Bear River.basin area 
west of Ogden. Ownership was 51 percent 
by Gulf Resources & Chemical Corp. of 
Houston, Tex., and 49 percent by Salzdet- 
furth A.G., an important chemical producer 
in West Germany. A 2 year sequential 
precipitation cycle was already started at 
the company's large solar evaporation ponds 
on the lake flats in the North Arm near 
the site of the plant. The magnesium chlo- 
ride brines thus obtained will be processed 
to purified bulk solids in a two-plant com- 
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plex being built by Great Salt Lake and 
The Dow Chemical Co. and shipped to a 
new 48,000-ton-per-year (magnesium metal) 
plant which will soon be started by Dow at 
Dallesport on the Columbia River in Ore- 
gon. Completion at Dallesport is scheduled 
for late 1971. 

The 9,200-ton-per-year silicothermic mag- 
nesium plant at Selma, Ala., was sold and 
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permanently closed down in the fall of 
1969. Operated by the Calumet & Hecla 
Division of Universal Oil Products Co., the 
plant produced 99.98-percent primary mag- 
nesium from calcined dolomite and 75- 
percent grade ferrosilicon. Closing was said 
to have been due to rising costs and com- 
petition from metal produced from brines 
by the electolytic process. 


CONSUMPTION AND USES 


Consumption of magnesium in the U.S. 
reversed the previous year's dip and rose 
to almost 100,000 tons, about 15 percent 
better than in 1968 and about in line with 
the development of the market in recent 
years. Very preliminary data indicate that 
almost all sectors of the magnesium-using 
industry were buying more in 1969. There 
was no group of users where consumption 
was out of line with previous years. 

Primary magnesium is consumed in 
two broad categories: structual products, 
such as castings or wrought products, and 
distributive or sacrifical applications where 
magnesium’s value is its chemical properties. 
At present the structural applications take 
about one-third of the output while sacrifi- 


cial uses take two-thirds of the magnesium. 

In the face of some wariness by potential 
users of the lightest structural metal, mag- 
nesium’s versatility appeared to be an en- 
dorsement. Increasing use of magnesium 
in automobiles (engines, housings, and 
particularly wheels) was noted in both the 
United States and Europe. A wide-ranging 
series of new applications came to the fore 
during 1969. One Canadian snowmobile 
builder was using 20 pounds of magnesium 
castings in each vehicle. Similar applica- 
tions were reported by motor scooter, lawn 
mower and chain saw manufacturers. Even 
lawn rake and tennis racket makers were 
looking with favor upon magnesium as a 
prime constituent. The products seemed to 


Table 3.—Consumption of primary magnesium (ingot equivalent and magnesium 
content of magnesium-base alloys) in the United States, by uses 


(Short tons) 
1965 1966 1967 1968 1969 p 
For structural products: 
astings: 
Sand r o tase oe ste ed ee E 2,959 8,961 8,848 8,740 2,562 
Dié eeler 5,599 4,980 8,366 7,337 7,484 
Permanent mold 81 682 555 607 404 
ka dee products: 
Sheet and plate... 4,937 6,075 W W W 
Extrusions (structural shapes, tubing)..... ? 5,995 27,100 310,517 211,280 718,110 
Forgings. .........--.-.- 535 W W W W 
l cessed 20,304 22, 748 23,286 22, 964 28,560 
For distributive or sacrificial purposes: 

Se EE w W W W W 
Aluminum alloy 26,266 30, 862 81,244 84,484 37,875 
zie ð ecu sc oeseuwes 136 100 53 52 54 
Other dy, - . ---------------------------- 2,216 1,975 2,370 W W 
Scavenger and deoxidizer_-____. 170 195 W W W 
Chemical: ..c2 2255.62 2c Lb emacz-c SS uusha 3, 806 4, 604 5,214 W W 
Cathodic protection (anodes )). 4, 597 4, 670 4, 855 5,714 6,087 

Reducing agent for titanium, zirconium, haf- 
nium, uranium, and beryllium............. 8,467 8,429 6,704 6,209 7,363 
P oo cocco. wr k 3, 660 9,095 17,049 17, 004 20, 618 
!( ⁵˙¹wmd² nm a hua uku sys 49,318 59,930 67 , 489 68 , 463 71,497 
Grand total... 69 , 622 82,678 90,775 86,427 95,057 


P Preliminary. 


W Withheld to avoid disclosing individual company confidential data. 


! Includes primary metal to produce small quantities of investment castings. 


2 Includes Forgings.“ 
3 Includes Sheet and plate" and Forgings.“ 


4 Includes primary metal for experimental purposes, debismuthizin 


lead, and producing nodular iron, 


secondary magnesium alloys, other alloys, scavengers and deoxidizers, chemicals and powder. 
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be competitive economically, and certain 
long-lasting properties were expected to 
appeal to buyers. 

The big use of magnesium is as an alloy 
for aluminum, but each year sees more di- 
rect applications. Use of magnesium powder 
to make small parts by compacting and 
sintering was being critically investigated in 
1969, and magnesium die casting was ex- 
pected to rise as soon as new suppliers be- 
come available via new ingot productive 
capacity. 

Magnesium has been used for many years 
to make special long-life dry batteries. The 
development was begun and supported by 
Army research and development programs, 
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which were successfu] and have since been 
concluded. The Army spent $12 million in 
1969 for these batteries and was estimated 
to spend $20 million in 1970. To date all 
output has been used by the military, but 
the projected future lies in commercial use. 
Higher voltage, longer shelf life, more uni- 
form output, especially in periods of high 
power demand, and a more efficient design 
are claimed for magnesium batteries. De- 
mand has grown from about ] million 
pounds of magnesium extrusions in 1969 to 
about 5 million pounds in 1970.2 


? Modern Metals. Magnesium, Best Metal for 
Batteries. V. 25, No. "7, August 1969, pp. 79-81. 


PRICES 


As it has for more than a decade, the 
quoted base price for primary magnesium 
ingot, in 10,000-pound lots, f.o.b. plant, re- 
mained at 35.25 cents per pound through- 
out the year. There were selective price 
hikes during 1969 of 5 to 10 percent for 
certain magnesium mill products, however, 
and some die-casting alloy prices rose be- 
cause of higher production and labor costs. 

Depending upon the state of preserva- 
tion of the metal available from the na- 
tional stockpile, the General Services Ad- 
ministration accepted bids for primary mag- 
nesium and for a small amount of alloy 


ranging from 37.10 cents to 24.01 cents per 
pound, f.o.b. storage location; at an aver- 
age price of 32.12 cents per pound, 26,480 
short tons was committed to sale during the 
year. 

Effective March 1, 1969, Magnesium 
Elektron, the leading seller of magnesium 
in the United Kingdom, raised its base 
f.o.b. price to the equivalent of 35.25 cents 
per pound. Prices for magnesium metal in 
Europe generally varied and were usually 
lower than in the United States, even to 
as much as 10 cents per pound. 


STOCKS 


A preliminary tally indicated that on 
December 31, 1969, producer and consumer 
stocks of primary magnesium were 8,950 
short tons, while primary magnesium alloy 
ingot stocks stood at 3,410 short tons. Stocks 
a year earlier were 7,735 short tons of pri- 


mary metal and 2,205 short tons of alloy 
ingot. The increase in stocks was not un- 
reasonable but may have reflected some in- 
crease, late in the year, of productive ca- 
pacity. 


Table 4.—Stocks and consumption of new and old magnesium scrap in the 
United States in 1969 


(Short tons) 


Consumption 
Scrap item Stocks Receipts Stocks 
Jan. 1 New scrap Old scrap Total Dec. 31 
Cast gerap. ------------------ 171 2,176 86 2,076 2,162 185 
Solid wrought scrap Ill. 1,443 5,415 5,73 5, 786 1,122 
DOG soe eee eee 1,614 7,591 5,822 2,076 7,898 1,307 


Includes borings, turnings, drosses, etc. 
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FOREIGN TRADE 


The 1960's saw exports of primary mag- 
nesium go from 4,467 short tons in 1960 to 
26,032 short tons by 1969, an increase of 
483 percent. Except for 1966-67, the trend 
was upward, sometimes sharply. In 1966, 
magnesium exports fell 17 percent, and in 
1967 there was another 19.4 percent cut- 
back. Since then, however, increases of 40 
to 50 percent each year have been noted. 
The Volkswagen automobile uses magnes- 


ium alloy and West Germany was the larg- 
est customer for U.S. magnesium, taking 
61.8 percent of the total exported. Imports 
by Brazil and Canada, the next largest 
buyers, remained . consistent in 1969. The 
Netherlands upped U.S. purchases from 57 
short tons in 1968 to 1,267 short tons in 
1969, while the United Kingdom's take fell 
about 53 percent, from 1,153 short tons in 
1968 to 545 short tons in 1969. 


Table 5.—U.S. exports of magnesium, by classes and countries 


1968 1969 
Semifabricated Semifabricated 
Primary metals, forms, n.e.c., Primary metals, forms, n.e.c., 
Destination alloys, and scrap including alloys, and scrap including 
powder powder 

Value Value Value Value 
Short  (thou- Short (thou- Short (thou- Short (thou- 
tons sands) tons sands) tons sands) tons sands) 
Argentina „ 142 362 ...... 141 379 8 $5 
Australia det Side 160 90 25 $77 867 478 87 272 
Belgium-Luxembourg. ............ 87 26 45 71 234 166 28 34 
Brazil... ——— 1,887 958 (1) (4) 2,668 1,498 ...... ...... 
Canada E A 1,393 818 435 848 2,845 1,421 476 945 
Colombia 5 3 22 23 27 2 57 70 
Fopgneë__ Louch eee NUS 12 72 12 49 130 93 14 85 
Germany, West 12,118 6,797 2 7 15,954 8,982 8 21 
RT meo NE 8 1 8 106 (4) 1 
Israel. ees 18 9 35 55 21 17 108 169 
RGN ee Sees eee 227 144 24 49 222 131 5 13 
P) ie anaa aea E 28 16 57 110 227 160 105 263 
LE EE 469 339 117 107 805 190 195 195 
Netherlands___ 57 56 131 649 1,267 876 152 625 
New Zealand. ................... | (Do. ule ¿sl a 6 40 8 5 
e netna aE 134 75 2 7 84 48 8 8 
Philippines (!) (!) 4 8 2 2 42 24 

South Africa, Republic of... 21 ld Sethe, Wettig 46 26 (!) (!) 

SDan eaeoe iA 132 74 1 (1) 441 251 2 

Surinam llc. ee 1 F 54 33 222222 aa- 
Sweden.............. 5 49 26 21 60 44 23 4 20 
United Kingdom. . ............... 1,158 950 21 57 545 338 20 41 
Venezuela 177 155 92 78 190 156 7 7 
UNCP u ua es wo Usa ae ug a ZY 81 82 46 82 49 80 86 67 
ill ann 18,364 10,719 1,098 2,330 26,082 15,187 1,840 2,824 


! Less than 14 unit. 


Imports for consumption of magnesium 
(all forms combined) continued the down- 
ward trend established in 1968 and dropped 
16.3 percent in 1969. Canada, by far the 
largest of U.S. sources, contributed 79 per- 
cent of the total; the United Kingdom sent 
6 percent; a block of six countries—Den- 
mark, The Netherlands, West Germany, 
Hong Kong, Australia, and the Republic of 
South Africa—sent 12 percent; 10 other 
nations contributed the remaining 3 per- 
cent. 

Under terms of the "Kennedy round" 
trade agreements, another series of tariff 


reductions became effective on January 1, 
1969. The import duty on nonalloyed un- 
wrought magnesium dropped to 32 per- 
cent from 36 percent ad valorem the pre- 
vious year; the duty on unwrought alloys 
was lowered from 14.4 cents per pound on 
magnesium content plus 7 percent ad valo- 
rem to 12.8 cents per pound plus 6 percent 
ad valorem, while the duty on wrought 
magnesium was reduced from 12 cents per 
pound on magnesium content plus 6 per- 
cent ad valorem to 10.5 cents per pound 
plus 5.5 percent ad valorem. 
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Table 6.—U.S. exports and imports for consumption of magnesium 


Exports 
Year Metal and alloys in crude form and scrap Semifabricated forms, n.e.c. 
Short tons Value (thousands) Short tons Value (thousands) 
e es ea 11,989 $1,132 1,184 $1,983 
If. 18, 364 10,719 1,093 2,930 
hoh oes 26,032 15,187 1,340 2,824 
Imports 
Powder, sheets, tubing, 
Alloys ribbons, wire, and other 
Metallic and scrap (magnesium content) forms (magnesium 
content) 
Value Value Value 
Short tons (thousands) Short tons (thousands) Short tons (thousands) 
193! 8 9,235 $4,920 854 $1,529 132 $422 
1 u a 4,077 2,208 656 1,228 40 428 
1969.2 EE 8,515 1,913 467 1,175 14 66 
r Revised. 


WORLD REVIEW 


World production of magnesium rose 
about 3.5 percent in 1969 and totaled 
221,649 short tons. The United States pro- 
duced 46.5 percent of the estimated world 
total. This was a slight reduction in the 


U.S. share of world total, indicating pro- 
portionally increased output from other 
nations, including Canada and the U.S.S.R. 
Worldwide information covering the pro- 
duction of primary magnesium follows: 


Capacity 
Country Company (short tons) Process Plant location 
Canada Dominion Magnesium Ltd 11,300 Silicothermic... Haley, Ontario. 
France........ Compagnie de Produits Chimiques et 9,900 Silicothermic... Marignac. 
Electrométallurgiques (Péchiney)’- (35 per- 
cent), Societé d' Electrochimie, d'Electro- 
métallurgie et des Aciéries Electriques 
d'Ugine (85 percent), Société des Produits 
Azotés (SPA) - (80 percent). 
Italy.......... Societa Italiana per il Magnesioe 7,000 ....do........ Bolzano. 
pai ën di Magnesio. 
Japan......... Furukawa Magnesium Co. Ltd 6,600 ....do........ Koyama 
UBE Industries, Ltd .............- 2,200 ....do........ Yamaguchi. 
Norway......- Heroya Electrokemiske Fabrikker A/S. 87,400 I. G. Farben- Heroya. 
subsidiary of Norsk Hydro-Elektrisk A/S industrie 
U.S. S. RR 7ôöĩÜõ ³Ü¹1- ( ⁰⁰ʒ Sc e ee 50,000 Electrolytie . NA. 
United States. Alamet Division, Calumet & Hecla, Ine... 9, 000 Silicothermic. Selma, Ala. 
American Magnesium Co 10,000 Electrolytic.... Snyder, Tex. 
The Dow Chemical Co... 290,000 Dow cells...... Freeport, Tex. 
Titanium Metals Corporation of America.. 712,000  Electrolytic.... Henderson, Nev. 


NA. Not available 
! Plant permanently shut down at end of 1969. 


? Capacity planned for 125,000 by mid-1969 but no announcement made when completed. 


3 Captive use. 


West Germany.—The Norweigian magnes- 
ium producing firm Norsk Hydro-Elektrisk, 
A/S, cooperating with the West German 
chemical firm Salzdetfurth, announced plans 
during 1969 for construction of a 20,000- 
to 30,000-metric-ton electrolytic magnesium 
plant in West Germany, probably in Lower 
Saxony on the River Elbe. The plant will 
utilize the chloride salts which are a by- 


product of the output of the Salzdetfurth 
factory with possibly some raw materials 
from the Great Salt Lake area of the United 
States. The plant, which will also produce 
from 50,000 to 80,000 metric tons of chlo- 
rine annually, was due on stream during 
1971. This production may be expected to 
cut into U.S. exports of magnesium to 
Germany. 
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Table 7.—World production of primary magnesium, by countries 


(Short tons) 

Country 1967 1968 1969 » 
CADAdR... clue es e 8 8,887 9,928 10,585 
China, mainland *!..................- 1,102 1,102 1,102 
(e E x 4,590 4,988 6,504 
Italy. occus une Sean des 6,963 7,278 7,885 
CR oec 8 7,488 6,236 6,900 
NONE r 88,570 84,546 85,274 
FP! AAA 44, 100 46,297 49,604 

United Kingdom z 4,519 968 4,4 
United Stateães .. . .. . . 97,406 98,875 99,886 
Totgl; —20-:222529228052229 292 208, 575 212,663 221,649 

e Estimate. p Preliminary. t Revised. 


! Conjectural, denoting an order of magnitude. 
? Primary metal and remelt alloys. 


TECHNOLOGY 


An announcement by Nalco Chemical Co. 
of Chicago reported a new and economi- 
cally advantageous process for magnesium 
metal production. Although company offi- 
cials would not disclose further details, ed- 
ucated guesses pointed to electrolysis of 
magnesium chloride in an organic solvent,3 
a process compatible with Nalco's tetraethyl 
lead-tetramethyl lead process used in its 
plant located in the Dow complex at Free- 
port, Tex. The magnesium produced by 
Nalco presumably would be for its own 
use at Freeport. 

United States, Canadian, and German 
patents were issued during 1969 on a pro- 
cess for slurry mining of carnallite, a 
hydrous magnesium potassium chloride. 
Water or an unsaturated salt solution is 
introduced into the mineral deposit, and 
the more soluble magnesium chloride is 
leached out while the less soluble potas- 
sium chloride remains as solid particles in 


the saturated leach liquor. The magnesium 
chloride solution is then pumped out of 
the upper part of the leached-out cavity, 
a slurry containing the particles of potas- 
sium chloride is withdrawn from the lower- 
most part of the cavity, and the solids then 
are separated from the brine.4 

ZE41A, a magnesium casting alloy which 
has found favor with European aerospace, 
military, and commercial industries for 
years, began to attract favorable attention 
of the U.S. aerospace industry during 1969. 
Easily cast, the alloy generally has been 
used in structural applications, and has re- 
cently found favor for use in helicopters, 
particularly transmission housings. 


5 Week. V. 104, No. 23, June 7. 


K. J. (assigned to Texas Gulf Sulfur 
. Mining Solution. U.S. Pat. 3,442,553, May 
6, 1969; Canadian Pat. 835,708, Mar. 3, 1969; 
German Pat. 1,288,538, Feb. 6, 1969. 
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Magnesium Compounds 


By John R. Lewis" and V. Anthony Cammarota, Jr. 1 


World production of magnesite has risen 
about 3.5 percent per year since 1967, and 
in 1969 was slightly over 12 million tons. 
The Communist Bloc (U.S.S.R., mainland 
China, North Korea, and Czechoslovakia) 
was estimated to be the source of 70 per- 
cent of the world's magnesite production 
in 1969. Among free world countries, only 
Austria was an important producer. 

Magnesium compounds sold or used by 
producers in 1969 were about 20 percent 
above 1968 production. Value of the 1969 
output rose 23 percent. 

Imports for consumption of crude and 
processed magnesite dropped about 24 per- 
cent in 1969. Nearly all crude magnesite 
imported by the United States comes from 
Greece, and that nation is a big factor in 
U.S. supplies of the various magnesias as 
well. The leading Greek producer, Sté Fin- 


1 Physical scientist, 


anciëre de Grece S.A. (Financial Corpora- 
tion of Greece, Ltd.) accounts for 70 per- 
cent of annual exports and has proceeded 
with expansion and product improvement. 
Legislation and Government Programs. 
—Under terms of the Tax Reform Act of 
1969, signed by the President on December 
30, 1969, the percentage depletion allow- 
ance for magnesium  carbonates was 
reduced from 15 percent to 14 percent. 
The reduction took effect on taxable years 
beginning after October 9, 1969. The 
depletion allowance for magnesium chlo- 
ride, obtained from brines, from wells, or 
from saline perennial lakes within the 
United States, remained at 5 percent. 


Division of  Nonferrous 
Metals, 


Table 1.—Salient magnesium compounds statistics 


(Thousand short tons and thousand dollars) 


1965 1966 1967 1968 1969 
United States: 
Caustic-calcined and specified magnesias:! 
Shipments: 
Quantity. ...__.____________.- 90 99 114 185 154 
Ë M rd MONT 8 $9,163 $9,686 $11,250 $12,226 $14,698 
xports: 
i !(, ORARE $1,637 $1,627 $2,095 $2,801 $2,687 
Imports for consumption: ` ° 
Value 3592 $743 $585 $758 $983 
Refractory magnesia: 
Sold and used by producers: 
UANUICY dn 897 852 688 661 787 
E 94 75 FFF $56,100 $52,290 843, 148 $44,585 $51,848 
xpo 
ele eege $5,912 $6,208 $5,889 34, 706 $4,978 
Imports: 
r. 34,214 $8,139 $5,171 $6,179 $5,449 
Dead-burned dolomite: 
Sold and used by producers: 
nUiy. e AAA as RRRÍ ME 2,176 2,198 1,880 1,888 1,866 | 
Valid... os $89 , 606 $39,725 $34,088 $81 , 627 333, 580 
Imports: 
Fal ——— —ÀáÓ $2,385 $2,088 $1,832 $1,552 $568 
World: Crude magnesite production: 
OUER 11,072 11,106 11,248 11,656 12,027 


1 Excludes caustic-calcined magnesia used in production of refractory magnesia. 


2 Caustic-calcined magnesia only. 
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DOMESTIC PRODUCTION 


With the closing of the Chewelah, 
Wash., operation of Northwest Magnesite 
Co. during 1968, only Nevada remained as 
a producer of crude magnesite in 1969. 
Brucite was also produced in the United 
States solely in Nevada. In both instances, 
production was by Basic Inc., from its 
Gabbs, Nev., property. 

The volume of dead-burned dolomite 
sold or used by producers in the United 
States rose almost 2 percent. in 1969, and 
the average value per ton, $17.99, rose 
slightly over 4 percent. The combined 
yield from Illinois, Louisiana, Pennsylva- 
nia, and Ohio amounted to 82 percent of 
the Nation's output, with Ohio supplying 
about half the total. Smaller amounts 
came from Alabama, California, Colorado, 
Mississippi, Missouri, Pennsylvania, Utah, 
and West Virginia. Crude olivine was pro- 
duced, as in recent years, in North Caro- 
lina and Washington. Production rose 
about 2 percent in 1969. 

. Refractory magnesia from well brines, 
sea water, or dolomite increased in 1969, 
and Michigan again supplied more than 


Table 2.—Dead-burned dolomite sold in 
and imported into the United States 


(Thousand short tons and thousand dollars) 


Sales of Imports 
domestic product 
Year 
Quantity Value Quantity Value 
1965— 2,176 339, 606 55 $2,385 
1966...... 2,193 39,725 44 2,038 
1967 1,880 34,083 42 1,832 
1968______ , 883 81,627 83 1,552 
1969______ 1,866 83,580 11 568 


any of the other producing States, which 
were California, Florida, Mississippi, New 
Jersey, and Texas. Nevada stood alone in 
the production of refractory magnesia from 
magnesite and brucite. 

Producers sold 390,371 short tons of 
refractory magnesia in 1969, up 17 percent 
over 1968 sales. In addition, they consumed 
another 346,867 short tons in their own 
plants, up about 6 percent. Thus, total 
production was 737,238 short tons valued 
at $51.8 million, compared with 660,891 
short tons in 1968 valued at $44.5 million. 
The unit value of shipments was applied 
to producers' consumption to calculate the 
total values. 

Production of hydrous magnesium sul- 
fate was up more than 5 percent in 1969, 
while production of magnesium trisilicate 
rose about 30 percent, thus not fully 
recovering from its decline of 53 percent 
in 1968. Small volumes of anhydrous mag- 
nesium sulfate, magnesium nitrate, magne- 
sium phosphate, and magnesium acetate 
also were produced in the United States 
during 1969. 

Production of a range of calcined mag- 
nesia products started during the summer 
of 1969 at the expanded Manistee, Mich., 
plant of Standard Lime and Refractories 
Co. Standard, a part of the Cement and 
Lime Division of Martin Marietta Corp., 
will make a variety of grades to meet spec- 
ifications of the chemical rubber, petro- 
leum, pulp, paper, glass, and construction 
industries. The new calcined magnesia 
facility is part of an $8 million expansion 
at Manistee, where refractory magnesia 
also is produced. 


CONSUMPTION AND USES 


Consumption of refractory magnesia, 
both single-burned and doubled-burned, 
increased from 661,000 short tons in 1968 
to 737,000 short tons in 1969. More sophis- 
ticated refractory products for use in the 
metals, petroleum, cement and ceramics 
industries, plus a widening range of spe- 
cialty and shaped refractories, were 
thought to be responsible for the improved 
consumption during the year. 

Consumption of caustic-calcined magne- 
sia, excluding that used in the production 
of refractory magnesia, increased again; in 


1969 the consumption rose by 14 percent 
from 125,400 to 143,000 short tons. 

Most of the magnesium hydroxide con- 
sumed during the year went into the pro- 
duction of other magnesium compounds, 
although about 110,000 tons were sold to 
other industries. Magnesium hydroxide 
sales of The Dow Chemical Co. rose, for 
example, as a manufacturer of periclase 
refractory brick for basic oxygen steel fur- 
naces at Manistee, Mich. became a cus- 
tomer for this item from Dow's Ludington, 
Mich., plant. 


MAGNESIUM COMPOUNDS 


Consumption of hydrous magnesium sul- 
fate increased in 1969, by 6.6 percent. 
Consumption of magnesium trisilicate in- 
creased 15 percent; that of anhydrous 
magnesium chloride (principally used in 
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making magnesium metal) dropped to 
about 25 percent of 1968 consumption. 
Hydrous magnesium chloride consumption 
rose about 4.5 percent. 


Table 3.—Magnesium compounds shipped and used in the United States 


Year and product Plants 
Short Value 
tons (thousands) 
1968: 
Refractory magnesia lll 12 660,891 $44,535 
Caustic-calcined ? and specified (U.S.P. and 5 magnesias _ _ _ 10 135,469 12,226 
Magnesium hydroxide (100 percent Mg(OH):) i222 9 r 78,241 r 2, 888 
Magnesium chlorides 3... .---------------------------------------- 6 3394,287 27,147 
got eeipirated magnesium carbonate: ------------------------------ 5 8,79 NA 
Refractory magnesia !_____.._.....-------------------------------.- 10 737, 238 $51,843 
Caustic-calcined 2 and specified (U.S. P. and technical) magnesias........- 10 154,303 14,698 
Magnesium hydroxide (100 percent Mg(OH) :) ꝶi 7 89,925 3,392 
Magnesium chloride „„ 7 3 408,373 28,230 
Precipitated magnesium carbonate ?2________.._..--..__.-------------- 5 7,800 


r Revised. NA Not available. 
1 Includes both single-burned and double-burned. 


2 Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. 
3 Production for 1968, 409,795; 1969, 561,108; includes magnesium chloride used in production of magnesium 


metal. 


Table 4.—Domestic consumption of caustic-calcined magnesia and 
specified magnesias by uses 


(Percent) 


Chemical processing 
Fortier ee 2.0 2 e d duae de igo 
85-percent MgO insulation 
Oxychloride and oxysulfate cements i 


Other: Electrical, medicinal, flux, ceramic, glass, sugar, animal feed, fuel additive, 


water treatment, and uranium processing 


1968 1969 
3 G 8 11 10 
J) ĩͤ A C 6 7 
n ml m —•!ũ s 1 1 
—— '——— E I 10 10 
GE 12 11 
—— —— ³ĩð2A su ces 10 6 
ee 8 8 
—————— 4T 


Olivine consumed in 1969 was only very 
slightly more than in the previous year. It 
continued to be used principally in mold- 
ings and mixtures. 

Use of magnesium oxide in a new 
system to recover sulfuric acid from power- 
plant stack gases was planned. The sulfuric 
acid plant of the Essex Chemical Corp. of 
Clifton, N.J., was selected to process the 
magnesium  sulfite washed from stack 
effluent at the Mystic Electric Generating 
Station of Boston Edison Co. Cost of the 
2-year experimental program was to be 
shared by Boston Edison and the Depart- 
ment of Health, Education, and Welfare 
(National Air Pollution Control Adminis- 
tration). However, Boston Edison expected 
that the system would work so effectively 


that it would not have to use expensive 
low-sulfur fuel oils, but could continue to 
use the lower cost high-sulfur fuels which 
will soon otherwise be outlawed under new 
air pollution control regulations. 


In the proces, magnesium oxide fed 
through a scrubber will absorb the sulfur 
dioxide in the stack gases. The resulting 
magnesium  sulfite cake will then be 
shipped to the Essex sulfuric acid plant, 
and calcined to obtain sulfur dioxide for 
making sulfuric acid. Almost all of the 
magnesium oxide will be recovered so that 
it can be recycled in the powerplant scrub- 
ber. Sulfur dioxide emissions are expected 
to be well below minimums established 
under State and Federal standards. 
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PRICES 


Prices for magnesia, calcined, technical, 
heavy, 90 percent and 93 percent (bags, 
carlot, Lob, Luning, Nev.) showed no 
change from the preceding year at $53.00 
and $56.00 per short ton, respectively, 
according to the Oil, Paint and Drug 
Reporter. Magnesia, technical, synthetic 
rubber grade, light, was quoted at $0.23 to 
$0.24 per pound (bags, carlot, freight 
equalized) compared with $0.23 to $0.275 
in 1968. Because of the closing of the 
Chewelah, Wash. plant in mid-1968, no 
quote was given for dead-burned magne- 
site. 

Prices for magnesium carbonate, techni- 
cal (bags, carlot, freight equalized) 
increased from $0.13 to $0.14 per pound, 


quoted as follows: 


and from $0.135 to $0.14—$0.145 in truck- 
load quantities. For magnesium hydroxide, 
NF, powder (drums, carlot, and truckload, 
works) the price range was $0.21 to $0.265 
per pound, compared with $0.255 to $0.26 
in 1968. No price changes were noted for 
other magnesium compounds which were 
Magnesium bromide, 
80-pound drums, f.o.b. works, $1.60 per 
pound; magnesium chloride, anhydrous, 92 
percent, flake or pebble, drums, carlot, 
works, $0.1275 per pound; magnesium 
chloride, hydrous, 99 percent, flake, bags, 
carlot, works, $60.00 per ton; magnesium 
gluconate, 100-pound drums, f.o.b. works, 
$1.42 per pound; and magnesium lauryl 
sulfate, tanks, freight allowed, $0.18 per 
pound. 


FOREIGN TRADE 


The decline in exports of dead-burned 
magnesite and magnesia continued for the 
fifth consecutive year but at a slower rate. 
Exports decreased about 2 percent, com- 
pared with about 11 percent in 1968 and 
12 percent in 1967. Three countries show- 
ing the largest decrease in deliveries were 
Mexico (—41 percent), Venezuela (—26 
percent), and Australia, which imported 
none compared with 1,802 short tons in 
1968. Countries showing the largest 
increase in deliveries were Argentina 
(+208 percent), Canada (+12 percent), 
Chile (+29 percent), and Peru (+50 per- 
cent). Spain and Costa Rica imported 
4,704 tons and 817 tons, respectively, com- 
pared with none in 1968. Exports of mag- 
nesite, including crude, caustic-calcined, 


Item 


Magnesite: 
C 


Magnesium carbonate: 
Feil EE 
Not precipitated____.......-------------_-- 


Magnesium chloride: 

RN TEE 

Other ee 
Magnesium oxide: 

Calcined omagpnesig 
Magnesium sulfate: 


0.3é per pound 
7.5 percent ad valorem 


0.9¢ per pound 
0.375¢ per pound 


1.8¢ per pound 


0.385¢ per pound 
7.5 percent ad valorem 


lump or ground, increased about 22 per- 
cent to 8,732 tons. Deliveries of about 
1,000 tons or more went to Canada, West 
Germany, and the United Kingdom. 
Imports for consumption of lump or 
ground caustic-calcined magnesia increased 
about 29 percent to 15,238 tons. For dead- 
burned and grain magnesia and periclase 
containing a maximum of 4 percent lime, 
imports decreased about 7 percent to 
80,667 tons. Imports for the same material 
containing over 4 percent lime decreased 
68 percent. Total imports were down 
about 24 percent in 1969, to 91,447 tons. 
Under the “Kennedy round" tariff agree- 
ment, tariffs on a number of magnesium 
compounds were further reduced: 


1968 1969 
$4.72 per ton $4.20 per ton 
$9.45 per ton $8.40 per ton 


0.254 per pound 
6.5 percent ad valorem 


0.8¢ 
0.33 


er pound 
per pound 


1.6¢ per pound 


0.3¢ per pound 
6.5 percent ad valorem 
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Magnesite and magnesia, Magnesite, n.e.c. including crude, 
dead-burned caustic-calcined, lump or ground 

1968 1969 1968 1969 

Destination 

Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
Argentina. ...----------2------- 298 $21 902 $36 27 18 89 15 
Australia 1,802 o 534 97 390 12 
Belgium-Luxembourg............. ...... . naaa eee eee 92 24 69 80 
CADAdAÉ.. L ss ewe d nie ERR ss 25, mas 2,329 28,458 2,528 1,666 134 8,259 248 
el 889 1,147 95 40 9 133 85 
Colombia... .. ... ³ ³ 220 18 159 44 84 21 
Costa Nie. ir Sedaaa. EST 817 163 831 15 275 23 
Denmark 2 1 28 17 51 29 
El Salvador... a 445 27 399 Y W let 
P» 3 1 1 155 66 145 49 
Germany, West.................- 102 50 114 62 754 43 1,028 614 
Eege due yy luas 151 19 
1C1CC1ööͤ§Üͤ2³C.%¼/ũũd]] !!!!!! eege 4 3 7 4 13 8 
117717õĩ²˙ 0 ũ̃ ĩ¼( %]) ↄ 8 1 (i) 16 10 36 17 
EE 5 1 21 8 286 110 278 118 
NOR, TN, EE ER 9 1 76 58 427 188 
Mesie)9)“,, rer Ame 19,092 1,276 11,298 845 507 51 287 86 
Netherlands. ...................- 21 192 84 80 84 
New Zealand 1 1 ...... ...... 151 94 87 55 
FC/«; A 8 1,102 70 1,653 106 1 | n 
Philippines... 86 1 (1) 1 214 42 56 9 
South Africa, Republic off 86 59 | 54 113 62 150 66 
LTE 4,704 810 93 89 105 44 
Sweden 39 25 148 97 171 106 362 254 
SS ( GGkMwkꝙkꝙ³ doania . wax 45 19 112 24 
United Kingdom................. 86 184 141 74 969 518 992 481 
Venezuela... 7,818 471 5,485 443 290 40 84 6 
CHOP 2.2 x t i dois 11 84 28 267 71 189 57 
Total... A z. 57,157 4,706 56,084 4,973 7,184 2,301 8,782 2,687 


1 Less than Le unit. 
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Table 6.—U.S. imports for consumption of crude and processed magnesite, 
by countries 


1968 1969 
Country Short Value Short Value 
tons (thou- tons (thou- 
sands) sands) 
Crude magnesite: 
PGG00 ee EE / 6,666 $464 
Venezuela. eer manc A iuge 18 
/// ͥ ³˙·w⁰mwyAAAſ P—— -A ————Ó——— A 6,684 464 
Lump or ground caustic-calcined magnesia: 
ASCO) Bie uu ³˖ͤvb ee rue RM LL E 1,361 $133 2,454 244 
Austria i. core uM i y Geier 1,082 41 562 21 
Belgium- Luxembourg „ 110 7 10 1 
Canada oou E ⁰w.wntn. ⁰ũm2Pn tes ]˖ͥ K v0 ] Mud ne e. ée ee 5 (1) 
(E EE 1,184 89 9,472 242 
India soru yututa yd ⁰t 8 5,021 319 7,535 897 
Ü .ê))V)))).....ͤĩõö;[;%fßͥ ee Mee dan. ee Geese 16 2 
Qro) MEORUM ee eee d penser. wee ss 545 41 
Netherlandn n. o aaa aoon 130 9 109 7 
Tansania. u uta usual Situs 8 DB. · Sees usupa 
UPR69 ee 2,514 141 362 21 
Fuss. ai a Ea a a a 331 15 168 7 
Total. 0 11,788 758 15,238 988 
Dead-burned and grain magnesia and periclase: 
Not containing lime or not over 4 percent lime: 
%% T u l c en 2 ³ H LEA Ee é 8 2,405 153 
Cañada- -or u 2 ]⅛˙¶—ͤã—wæ ⅛ . mum. 8 82 12 2 6 
Germany, West L2 Lll Lll l22222222.2.2.-- 19 (1) 
E i -O E ce cnet cb E E E EE E LEE 64,189 4,778 61,314 4,525 
1 ⁰¹w uA ³Ü-- dd eee u Le ua 12,816 S/ AA EE 
SEDER . 7,554 369 14,722 647 
United FRingaom. u ———— — 1 20 2 
r . eE RN A RERE a 2,146 101 2,221 114 
vk RENE 86,354 6,179 80,667 5,449 
Containing over 4 percent lime: 
%%% morc PEERS MERE 793 42 4,141 239 
bills I tur NFORCE . E 32,705 1,510 6,639 329 
J)) ³¹w¹2¹AA EE EL EAEAN 88,498 1,552 10, 780 568 
Grand total oso 25. Sect ⁵ð⅛ð2—³AA kr 8 119,852 7,731 91,447 6,017 


1 Less than 14 unit. 


Table 7.—U.S. imports for consumption of magnesium compounds 


Oxide or Magnesium Magnesium Magnesium sulfate Magnesium salts 
calcined carbonate chloride epsom salts and compounds 
$ magnesia (precipitated) (anhydrous) and kieserite) n. s. p. f. 

ear — — —— — — — ——ü—ä— — F —U - —— 

Short Value Short Value Short Value Short Value Short Value 

tons (thou- tons (thou- tons (thou- tons (thou- tons (thou- 

sands) sands) sands) sands) sands) 

19668 64 $31 900 $173 451 $71 32,274 $404 3,354 $127 
1968.......... 535 188 1,269 222 480 92 44, 261 644 2,799 185 
1969. 103 47 836 157 368 70 48,685 605 3,727 372 


1 Includes magnesium silicofluoride or fluosilicate and calcined magnesia. 
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WORLD REVIEW 


Australia.—It was announced late in the 
year that Norseman Gold Mines NL had 
ordered a market and feasibility study 
aimed at possible production of dead- 
burned magnesite from a deposit in the 
Ravensthorpe district in the southern 
sector of the State of Western Australia. 
Depending upon the studies, the company 
plans to mine the ore and process it in 
nearby kilns at a rate of 50,000 tons per 
year for export. Its proximity to a good 
road and the established deepwater port of 
Esperance would make the product com- 
petitive in world markets. 


India.—Economically recoverable reserves 
of magnesite occur in three States of 
India: Tamil Nadu, Uttar Pradesh, and 
Mysore. Major producers, all in the private 
sector, are Salem Magnesite Ltd., Salem, 
Tamil Nadu; Dalmia Magnesite Corpora- 
tion, Salem; Burn and Co., Suramangalem, 
Salem; and Tata Iron and Steel Co., Ltd., 
of Bombay with mines in Mysore. The 
manufacture of refractories consumes most 


of India's calcined magnesite, and 90 per- 
cent of her magnesite is consumed inter- 
nally. The bulk of the magnesite comes 
from the Salem district, and deposits there 
are nearing exhaustion. New reserves have 
recently been found in the Almora district, 
and the mining and calcining of these new 
deposits is to be undertaken by the Uttar 
Pradesh Industrial Corp. in collaboration 
with Tata Iron and Steel Company, Ltd. 
Production of dead-burned magnesite is 
expected to begin early in 1971; capacity is 
planned for 35,000 tons yer year. 

Late in 1969 it was also announced that 
Salem Magnesite Private Ltd. plans to 
install a rotary kiln to permit production 
of up to 30,000 tons of dead-burned mag- 
nesite. Feed for this installation will come 
from other installations of Salem's which 
have been producing caustic-calcined mag- 
nesite, mostly for export. 

Ireland.—Progress continued on con- 


struction of the Dungarvan, County Water- 
ford, sea water magnesite plant of the 


Table 8.—World production of magnesite, by countries 1 


(Short tons) 
Country 1967 1968 1969 » 
North America: United States w W W 
pe America: Braziw◻r ssd 120, 480 151,920 NA 
urope: 

TEE 1,692,886 1,704,928 1,768,696 
Czechoslovakia r 2,821,465 e 2,370,718 2,425,082 
e "ET r 406,752 486,119 639,340 
Ä§ö%»ĩ ⅛ð 8 r 4,952 5,516 4,410 
Sf // ³ AAA 8 49, 604 49, 604 49, 604 
SJ ] Ü³ ³˙ÜZ . 8 121,254 250 , 224 220 , 462 

ARMAS MM CM" S 3,306, 930 8,306,930 8,417,161 
ih ðL Eee 468,219 441,272 525, 802 

Africa: 
Keno; o a ⅛˙Ü . ꝛ¾Üm dec uUi cq 46 75 555 
South Africa, Republic of... .-----2--------------- 88,198 65,915 49,604 
%%//ͤ§Ü1((6xO dd ſßkſ ⁰ kr ß r 4,409 7,165 550 
in Tanzanii EES 2,246 1,595 1,705 
sia: 
China, mainland 2... 2. 22 cee 881,848 992,079 1,102,810 
pt, LTE e . n us 270 , 898 278 , 965 286 , 825 
Jr EE E 6,6 7,165 : 7,165 
Korea, North GE 1,377,887 1, 377, 887 1, 377, 887 
Pakistan. 2.5 sess T ec oe ee PENSA E 12, 25 1,798 NA 
e f usnu uuu 93, 651 129,780 130,072 
Oceania: 
1111111 ͥ]³·ꝛ¹³⁵ a e Deui ICA u DE e LE 26,492 25,928 24,250 
New Zealand... 686 887 882 
Tötal EE r 11,247,582 r11,656,460 12,027,362 
e Estimate. » Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing in- 


dividual company confidential data. 


1 Quantities in this table represent crude salable magnesite. Magnesite is also produced in Bulgaria, Canada, 
Colombia, and Southern Rhodesia, but data on production are not available. 


? Estimated from data reported as MgO. 
3 Totals are of listed figures only. 
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Quigley Magnesite Division, Chas. Pfizer 
and Co. Inc., and production was expected 
by May 1970. First production was 
expected to be 94 percent magnesite, but 
improvement to 96 or 97 percent was fore- 
seen once the plant had a shakedown 
period. The plant will process sea water at 
a rate of 12,000 gallons per minute to deal 
with a dolomite intake of 230,000 tons per 
year. After satisfying the company’s 
demand in Ireland, the excess output, 
about 50,000 tons per year, is to go to 
Quigley Co. Inc. in the United States, to 
sales outlets in the United Kingdom, and 
perhaps to the Common Market. 


Israel.—A contract calling for the invest- 
ment of US $11 million to construct a 
plant in Arad for the production of mag- 
nesia from magnesium chloride reserves in 
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the Dead Sea was signed in June 1969 by 
representatives of the Austrian-American 
Magnesite Co., and the Dead Sea Works of 
Israel. The plant, to be built in 2 years, 
will be owned in equal shares by the two 
companies, with the Austrians responsible 
for the chemical functions and the Israelis 
for the engineering. In addition to a 
planned annua] output of 46,000 metric 
tons of pure magnesia, the plant will pro- 
duce 40,000 tons of hydrochloric acid per 
year (using the Israeli AMAN process) for 
domestic consumption. 


United Kingdom.—The full duty of 7 
percent ad valorem on imports of dead- 
burned magnesite and refractory-grade 
magnesia, which took effect on July 1, 1969 
was suspended at least to January 1, 1970. 


TECHNOLOGY 


The problem of air pollution caused by 
sulfur dioxide in stack gases may be solved 
by the use of magnesia. A pilot plant has 
been operating in Japan using the process 
of absorbing sulfur dioxide from the flue 
gas into active magnesia at 200° to 300° F. 
Magnesia combines with the sulfur dioxide 
to form magnesium sulfite, which is subse- 
quently decomposed at below 1,400° F to 
yield reusable magnesia and sulfur diox- 
ide that is suitable for sulfuric acid 
production.2 Patents have been applied for 
in Japan and major foreign countries. 

A refractory made from finely ground 
magnesia and chrome ore has been devel- 
oped which has properties superior to 
those of direct-bonded and fused-cast basic 
refractories.5 The improved refractory has 
a higher load-bearing capacity at high 
temperature, more resistance to slag pene- 
tration, and better thermal shock resist- 
ance. The improved properties of the fine- 
grained refractory are a function of the 
retention of a large volume of closed pores 
after high-temperature firing. Formation 
and growth of the closed pores are con- 
trolled by reactions between the finely 


ground material and the amount and dis- 
tribution of the silicate phase. 

Alumina-rich single crystals of magne- 
sium-aluminum spinel with molar ratios of 
1.7 to 3.5 (AlzOg: M O) were grown by 
flame fusion, and the fracture load of 
these crystals was measured.* It was found 
that in unannealed crystals the strength 
increased with increasing alumina content 
and that strength was influenced by the 
temperature of heat treatment. The 
strengthening found in magnesium-alumi- 
num spinels is thought to be age strength- 
ening as is often observed in alloys. The 
authors stated that to their knowledge, 
magnesium-aluminum spinel is the first 
oxide in which age strengthening has been 
observed. 


? Chemical & Engineering News. Active Mag- 
nesia Method Rids Stack Gas of Sulfur Dioxide 
in Japanese Process. V. 47, No. 38, September 
1969, p. 48. 

3 Herron, R. H., and W. J. Smothers. Fine- 
Grained Magnesite-Chrome Refractories. Am. Cer- 
amic Soc. J., v. 48, No. 5, May 1969, p. 544. 

* Grabmaier, J. G., and H. R. Falckenberg. 
Strength of  Flame-Fusion-Grown: Magnesium- 
Aluminum Spinel. Am. Ceramic Soc. J., v. 52, 
No. 12, December 1969, p. 648. 


Manganese 


By Gilbert L. DeHuff : 


A halving of domestic shipments of 
manganese ore—that is, ore, concentrate, 
and nodules, containing 35 percent or 
more manganese—brought a new produc- 
tion low, particularly noteworthy in that 
for the first time in many years there were 
neither shipments nor production of natu- 
ral battery-grade ore. Good quality foreign 
metallurgical ores continued to be offered 


in abundance. Their price fell 10 cents per 
long ton unit during the year, influenced 
in part by increased Australian production 
and shipments. Prices for manganese metal 
and alloys rose. Ferromanganese imports 
increased 50 percent over those of the pre- 
vious year to approximately 300,000 short 
tons. 


1 Physical scientist, Division of Ferrous Metals. 


Table 1. Salient manganese statistics in the United States 


(Short tons) 
1965 1966 1967 1968 1969 
meee ore (85 percent or more 
Production (shipments): 
Metallurgical... .......- 22,871 W W 10, 536 5,680 
Batter 88 W W 84222 ui 
C 29, 258 14, 406 12, 585 11,878 5, 680 
Imports, general 2, 575, 229 2, 553, 704 2,058,691 1,827,626 1,962,166 
Consumptioůn 2, 872, 720 2,370,516 2,882,984 2,228,412 2,181,838 
“ao ore (5 to 85 percent | 
Production (shipments) ...- 882,768 824,926 289,160 244, 590 480 , 687 
Ferromanganese: 
Production 1,148,011 946,210 940,927 879,962 852,019 
Export 8,2778 545 1,861 8,710 1,759 
Imports for consumption. .... 257 , 889 251,972 216,279 208,212 801,956 
Consumption 1,040, 502 1,048,429 982,130 1,016,559 1,071,042 


W Withheld to avoid disclosing individual company confidential data. 


Legislation and Government Programs.— 
On March 27, the Office of Emergency Pre- 
paredness (OEP) decreased the conven- 


tional war stockpile objective for 
battery-grade synthetic manganese dioxide 
to 1,900 short tons from 6,700 tons. On 
May 13, new conventional war stockpile 
objectives, and subobjectives, were estab- 
lished for other manganese items as follows 
in short tons: 


Short tons 
Old New 

Objective 
Battery, natural 80,000 185,000 
Chemical, type AA 68,500 85,000 
Chemical, e B..... 64,000 85,000 
Metallurgical......... 7,900,000 4,000,000 

Subobjective 

etallurgical ore 6,647,500 2,605,600 

Ferro 
h earbonl . 1,000,000 1, 200, 000 
Low carbon 1. 8,000 18,000 
Medium carbon. 72, 000 72, 000 
Silicomanganese 11. 135, 000 81,900 
Electrolytic metal 1. 27,500 , 500 

1 Ore equivalent. 
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On April 23, the General Services Ad- 
ministration (GSA) issued Solicitation of 
Offers for Metallurgical Grade Manganese, 
PMDS-ORES-85. Prospective buyers were 
offered 101 manganese ore items, mostly of 
domestic origin; in either the national or 
Defense Production Act stockpiles and lo- 
cated at storage depots in various parts of 
the country. Contract terms were to be ne- 
gotiated, and offers received until further 
notice. Sales for the year totaled 34,536 
short tons. In addition, metallurgical ore 
was withdrawn from the stockpile for up- 
grading to medium carbon ferromanganese 
and to silicomanganese under two separate 
contracts initiated in 1967 and 1968, re- 
spectively. As of December 31, 1969, 18,660 
tons of medium carbon ferromanganese 
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had been delivered to GSA under the one 
contract out of 36,000 tons to be delivered 
by June 30, 1971, and 12,331 tons of sili- 
comanganese had been delivered out of a 
total of 45,500 tons for the other contract. 
The final delivery date for the silicoman- 
ganese was extended 1 year to June 15, 
1971, by a contract amendment dated Au- 
gust 26, 1969. The stockpile inventory for 
metallurgical manganese ore decreased by 
199,720 short tons during the year to 
10,186,208 tons as of December 31, 1969. 
Part of the ore withdrawals represents de- 
liveries under outstanding long-term con- 
tracts. The inventory for battery-grade syn- 
thetic manganese dioxide decreased 1,122 
short tons during the year to 23,553 tons. 


DOMESTIC PRODUCTION 


Goret and Aguilar, Inc., produced metal- 
lurgical manganese ore at the Nancy- 
Tower mine, Luis Lopez district, Socorro 
County, N. Mex. The ore was concentrated 
at the firm’s mill at Socorro before ship- 
ment; the concentrate averaged 48 percent 
manganese. Although The Anaconda Com- 
pany shipped some metallurgical oxide 
nodules that were made some years ago 
from Montana carbonate ore, no man- 
ganese ore, concentrate, or nodules, of any 
type were produced in Montana ir 1969. 
For the first time since battery ore produc- 
tion was specifically identified as such in 


the Bureau’s statistical tables—at least 48 
years—there were no shipments nor pro- 
duction of domestic natural battery-grade 
ore. 

Ferruginous manganese ores or concen- 
trates containing 10 to 35 percent man- 
ganese were produced and shipped from 
the Cuyuna Range of Minnesota and from 
New Mexico. In addition, a small quantity 
of manganiferous iron ore containing 5 to 
10 percent manganese was shipped from 
Cuyuna Range stocks. Manganiferous zinc 
residuum was produced from New Jersey 
zinc ores. 


Table 2.—Manganese and manganiferous ore shipped 1 in the United States, by States 


(Short tons) 
1968 1969 
Type and State 
Gross weight Manganese Gross weight Manganese 
content content 
p nese ore (85 percent or more Mn, natu- 
ral): 
ODUNA —“ẽ 4,649 2,484 775 404 
New Mexico. .......................- 6,729 3,133 4,855 2,831 
M/öÜ;g nei eod a Eu kenaan 11,378 5,567 5,630 2,735 
Mann ore: 
erruginous manganese ore (10 to 95 per- 
cent Mn, natural): 
Minnesota 190, 058 27,087 881,435 54,510 
Montana.......................- 2,068 420. sheet ue 22 
New Mexico 50,681 5,504 49,146 5, 465 
%%% A 242, 802 82,964 430,581 59, 975 
Manganiferous iron ore (5 to 10 percent 
Mn, natural): 
Minnesota 1,788 123 56 4 
Total manganiferous ore 244, 590 33,087 430, 637 59, 979 
Value manganese and mangani- 
ferous ote -------------- $2,407,619 —  J...... $3,454,254  ------ 


1 Shipments are used as the measure of manganese production for compiling U.S. mineral production value. 
They are taken at the point at which the material is considered to be in marketable form for the consumer. Be- 
sides direct-shipping ore, they include, without duplication, concentrate and nodules made from domestic ores. 
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CONSUMPTION, USES, 


In the production of raw steel (ingots, 
continous or pressure cast blooms, billets 
slabs, etc. and including steel castings) 
consumption of manganese as ferroalloys, 
metal, and direct-charged ore was 18.0 
pounds per short ton of raw steel pro- 
duced. Of this total, 11.4 pounds was fer- 
romanganese; 1.3 pounds, silicomanganese; 
0.05 pounds, spiegeleisen; and 0.25 pounds, 
manganese metal. The comparable 1968 
total, on the same basis, was 13.6 pounds 
with ferromanganese at 11.7, silicoman- 
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AND STOCKS 


ganese at 1.6, spiegeleisen at 0.05, and 
metal at 0.25. 

Electrolytic Manganese and Manganese 
Metal.—It can be assumed that virtually 
all the manganese metal consumed, pro- 
duced, and imported in the United States 
was electrolytic metal. Producers were 
American Potash & Chemical Corp. 
(wholly owned subsidiary of Kerr-McGee 
Corp.)., Hamilton (Aberdeen) , Miss.; Foote 
Mineral Co., Knoxville and New Johnson- 
ville, Tenn.; and Union Carbide Corp., 
Marietta, Ohio. 


Table 3.—Consumption and stocks of manganese ore 1 in the United States 


(Short tons) 
Stocks 
Consumption "in 2 1969 2 
ne luding 
1968 1969 
warehouses; 
By use: 
Manganese alloys and metal ____- 2,028,567 2,000,785 1,692,934 
Pig iron and steel... 27,167 50,157 16,4 
Dry cells, chemicals and miscellaneous. . ................- 172, 678 130, 441 95, 674 
dulci —————————— EEN 2,228,412 2,181,888 21, 805, 063 
By origin: 
Dr ð A 25. deu 43,251 22, 800 22, 081 
P ˙⁰¹A ⁰¹¹˙⁰ es oo e c E 2,185,161 2,159,033 1,782,982 
C ³⁰ĩ¹¹¹ i ͥ ³o·ü m A LE 2,228,412 2,181,838 21, 805, 068 


1 Containing 35 percent or more manganese (natural). 
. 2 Excluding Government stocks. 
3 Excludes small tonnages of dealers' stocks. 


Table 4.—Consumption, by end uses, and stocks of manganese ferroalloys and 
metal in the United States, in 1969 


(Short tons, gross weight) 


Ferromanganese 
Silico- Spiegel. Manganese 

End use High Medium manganese eisen metal ! 

carbon and low 

carbon 

Steel: 

ohr. Ere EE EE 766,718 92,806 96,630 11,788 7,278 
Stainless and heat resisting.. gg 1,000 4,148 10,599 1,989 
Alloy (exclude stainless and tool) 5 114,438 26,924 29,064 1,906 2, 885 
NOON EE 472 92 W' es: W 
%%% ⁰ ee ⁰⁵(y HH REA 12,289 2,017 5,991 7,991 W 
SuperalóyN eet dx 758 129 W ------ 845 
Aloys (exclude alloy steels and superalloys)....... 5,857 1,408 1,860 | ...... 8,098 
llaneous and unspecified.................... 51, 878 2,108 8,247 91 1,478 
TOUR] scu cuzco sup EE uie 942,910 128,182 152,891 21,776 28,018 
Stocks December 313..................... 247, 827 26, 325 33, 626 15, 116 8,568 


sp 
1 Virtually all electrolytic. 


ER to avoid disclosing individual company confidential data, included in Miscellaneous and un- 


? Industry stocks held by producers, consumers, and bonded warehouses. 
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Table 5.—Ferromanganese produced in the United States and metalliferous 
materials 1 consumed in its manufacture 
Ferromanganese produced Materials consumed 
Manganese content Manganese ore (85 percent or Manganese 
Year more Mn natural) 2 ore used per 
Gross weight ton of ferro- 
(short tons) Percent Short tons Foreign Domestic manganese ? 
(short tons) (short tons) made 
(short tons) 
1965........ 1,148,011 77.8 892, 725 2,692,290 12,067 2.8 
1966........ 946,210 78.7 744, 359 2,133, 925 30, 048 2.2 
1967 940, 927 78.2 785,177 2,182,997 4,367 2.8 
1968.......- 879,962 78.0 686, 370 2,018,360 15,207 2.3 
19689 852,019 77.9 658 , 837 1,992,671 8,064 2.8 


1 Excluding scrap and other secondary materials. 
2 Includes ore used in producing silicomanganese and metal. 
s Includes ore used in producing silicomanganese. 


Table 6.—Manganese ore used in producing ferromanganese, silicomanganese, and 
manganese metal in the United States, by source of ore 


1969 
Source Gross weight Mn content, 
(short tons) natural 
(percent) 

Domegtie ..-.----- EE 8,064 47.4 
Foreign: 

Er ME 865,058 46.8 

Ef ³˙Ü].. ⅛ĩÜ ⁰ͥ⁰yͥq mm. ⁊ð = ==; ] K k 8 102, 447 46.8 

BAZ oe ieee see xf... ĩèͤ ... d x u hap 579, 524 48.4 

EJ r˙ . ˙äAAͥ ˙ ³ •³ ———— —— ————— X AA L RN 27, 567 46. 5 

%%0%0% GVS OP dd ͥ a ß 51,087 88.2 

(KT Ce EE 77, 728 41.9 

hy ))!˖./!˖;.kö(. K K 29,344 85.6 

Other or unidentified... ....... Lc A SES EES 259 , 966 MEI 

vk WEE 2,000,785 46.7 


Ferromanganese.—With the shut down 
of its Sheridan, Pa., blast furnace in the 
second quarter of the year, the Lavino Di- 
vision, International Minerals & Chemical 
Corp., stopped production of ferroman- 
ganese entirely. Large inventories in the 
face of high imports of both ferroman- 
ganese and steel were given as the reason 
for this action. U.S. shipments of ferro- 
manganese totaled 837,000 short tons com- 
pared with 833,000 tons in 1968. The 
quantity of ferromanganese made in blast 
furnaces was 114 times that made in elec- 
tric furnaces. 

Silicomanganese.—Production of silicom- 
anganese in the United States was 223,000 
short tons, compared with 284,000 tons in 
1968. Shipments from furnaces were 
218,000 tons compared with 262,000 tons in 
1968. The ratio of consumption of silicom- 
anganese to consumption of ferroman- 


ganese dropped to 14 percent from 16 per- 


cent registered in the 2 previous years. 
Spiegeleisen.—The New Jersey Zinc Co. 


continued to produce spiegeleisen solely, by 
electric furnaces at Palmerton, Pa. 

Pig Iron.—In producing pig iron, 
748,000 short tons of manganese- bearing 
ores containing over 5 percent manganese 
(natural) were consumed. Domestic 
sources supplied 635,000 tons, of which 
519,000 tons were manganiferous iron ore 
containing 5 to 10 percent manganese, and 
116,000 tons were ferruginous manganese 
ore containing 10 to 35 percent manganese. 
Foreign sources supplied 113,000 tons, of 
which 56,000 tons were manganiferous iron 
ore, 7,000 tons were ferruginous manganese 
ore, and 50,000 tons contained more than 
35 percent manganese. 

Battery and Miscellaneous Industries.— 
The ore reported in table 3 includes that 
consumed in making synthetic manganese 
dioxide, but does not include consumption 
of the synthetic dioxide. Although some 
synthetic dioxide is used for chemical pur- 
poses, most of it is used in the manufac- 
ture of dry cell batteries. 
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The domestic ore and much of the for- 
eign ore used for chemical and 
miscellaneous purposes did not meet na- 
tional stockpile specification P-81-R for 
chemical-grade ore. 


677 


Early in 1969, Pickands Mather & Co, to- 
gether with its Manganese Chemicals Co. 
Division were merged into Diamond Sham- 
rock Corp. 


PRICES 


Manganese Ore.—All manganese ore 
prices are negotiated, being dependent in 
part on the characteristics and quantity of 
ore offered, delivery terms, and fluctuating 
shipping rates. Prices were weak through- 
out the year, and no quotations were pub- 
lished for ore containing 46 to 48 percent 
manganese until after the middle of Janu- 
ary. The American Metal Market then 
quoted this grade at 54 to 58 cents, nomi- 
nal, per long ton unit, c.i.f. eastern sea- 
board and Gulf ports, down 5 cents from 
the prices quoted at the end of 1968. In 
August, the quotation was lowered another 
5 cents to 49 to 53 cents, nominal, at 
which it continued to the end of the year. 
Metals Week quoted this grade at 50 cents, 
nominal, throughout the year, except at 
times in the first 2 months when only 
"nominal" was ventured. 

Manganese Alloys.—Major producers of 
standard high-carbon ferromanganese went 
in April from a "price on request" basis to 
firm published prices. For the 74 to 76 


percent grade this was $164.50 per long 
ton, f.o.b. plant. This price carried to the 
end of the year. Metals Week's quotation 
for imported standard ferromanganese con- 
taining 74 to 76 percent manganese had 
risen by year end to $160 to $164 per long 
ton, delivered in Pittsburgh or Chicago. 

Manganese Metal.—Effective July 1, the 
price of standard electrolytic manganese 
metal was increased 2 cents to 29 cents per 
pound, f.o.b. producer plant. This base 
price continued to apply to shipments of 
30,000 pounds or more, but was now for 
packaging in pallet boxes instead of for 
bulk shipments as quoted in 1968 and ear- 
lier. A bulk price no longer was quoted. 
Earlier in the year an upward adjustment 
of 0.4 cent was made for the packaging 
change. Effective October 1, the price was 
increased to 30.25 cents per pound. Here it 
remained through the last quarter of the 
year, but a l-cent increase was announced 
for the beginning of the new year. 


FOREIGN TRADE 


Ferromanganese exports totaled 1,759 
short tons valued at $482,684, compared 
with 3,710 tons valued at $645,057 in 1968. 
Canada took two-thirds of the quantity in 
1969. Exports classified as "manganese and 
manganese alloys, wrought or unwrought, 
and waste and scrap" were 2,470 tons val- 
ued at $1,410,437 in 1969, and 2,118 tons 
valued at $1,119,127 in 1968. Exports of 
ore and concentrate containing more than 
10 percent manganese totaled 19,231 tons 
at a value of $1,627,324 in 1969, compared 
with 18,500 tons at $2,042,305 in 1968. 
These were believed to consist almost en- 
tirdy of imported manganese dioxide ore 


exported after grinding, blending, or oth- 
erwise classifying. 

The average grade of imported man- 
ganese ore increased notably to 50.6 per- 
cent manganese from the 47.5 percent and 
47.3 percent manganese average grades of 
1968 and 1967. Brazil and Gabon contin- 
ued to supply more than half of the total. 
General imports of manganiferous ores 
containing more than 10 but less than 35 
percent manganese totaled 6,238 short tons 
in 1969. Of this quantity, 6,181 tons aver- 
aged 11.3 percent manganese and came 
from Canada. The balance of 57 tons aver- 
aged 34.97 percent manganese and came 
from Mexico. 
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Table 8.—U.S. imports for consumption of ferromanganese, by countries 
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1968 1969 
Country * Gross Mn Value Gross Mn Value 
weight content (thou- weight content (thou- 
(short (short sands) (short (short sands) 

tons) tons) tons) tons) 
Belgium-Luxembourg. ...............- 8,905 6,947 $846 4,464 8,8365 $445 
Canada. ciones eua ceu uuu 1,166 906 136 4,483 8,514 557 
! ²˙ 8 356 307 58 390 341 65 
Franee.____ loose e EE r 48,385 137,267 r 5,053 64,421 49,476 5,571 
8 occ elem u ua Z 11,216 8,636 JE ² · A Samos 
Germany, West _...-..-------------- r 37,132 29, 764 r 4,333 33,904 25,828 8,966 
Indi... 2225: 2222: AS 17,244 12,991 1,800 42,188 82,241 8,118 
LEE 1,051 841 208 2,169 1,782 442 
apri m —— —————————— St 904 728 178 6,436 5,063 1,153 
Netherlands 3,874 2,874 S Le om 
NC ·o· AAA eee 2,994 1,888 290 2,939 1,830 217 
South Africa, Republic ot. r 42,946 r33,314 r4,119 118,846 88 ,972 12,096 
PPC ooo ce ee su se sn Sus , HAN 48 60) —“ 
SWeden -c . cua rt d 10,493 8,802 2,120 14,341 12,081 2,916 
United Kingdom. ...................-. 11,399 8,564 1.010. i2 ě passsat “Gss 
Western Africa, n.e.c. «c 2 12, 975 10, 120 1, 162 
! uz Luz, 222 r 203,212 r158,304 r21,178 301,956 234,568 31,708 


r Revised. Yugoslavia revised to non 
1 Probably originated in Republic of South Africa. 


Silicomanganese imports for consumption 
were 32,040 short tons containing 21,337 
tons of manganese. Sources and tonnage 
(gross weight) were as follows: Norway, 
20,782; Yugoslavia, 4,385; Mexico, 2,755; 
Canada 2,616; Republic of South Africa, 
1,118; and France, 384. Imports for con- 
sumption classified as unwrought man- 
ganese metal, except alloys, and waste and 
scrap of such metal, totaled 1,371 short 
tons, compared with 3,183 tons in 1968. In 
1969, the Republic of South Africa sup- 
plied 1,2271 tons and Japan supplied 10 
tons of manganese metal. Except for less 
than a half ton of high unit value from 
the United Kingdom, the remaining 90 


tons was from Canada with a unit value 
somewhat more than half that of the 
South African and Japanese metal. 

Imports for consumption classified as 
"manganese compounds, other" totaled 2,160 
tons in 1969, compared with 3,059 tons in 
1968. The sources, gross weights, and val- 
ues per pound in 1969 were as follows: 
Japan, 1,778 tons (15.1 cents); United 
Kingdom, 342 tons (6.4 cents); and Bel- 
gium-Luxembourg, 40 tons (14.4 cents). 
The imports from Japan and Belgium- 
Luxembourg appear to have consisted 
largely, if not entirely, of synthetic man- 
ganese dioxide. 


WORLD REVIEW 


Argentina.—Approximately 10 short tons 
of rhodochrosite having a value of $27,616 
were exported in 1968, compared with ap- 
proximately 15 tons valued at $30,619 in 
1967. The United States took 1 ton in 1968 
and 514 tons in 1967. 

Belgium.—Soc. Europeene des Derives du 
Manganese (SEDEMA) announced plans 
for expansion that should bring its pro- 
duction of synthetic manganese dioxide at 
Tertre to 12,500 tons per year by 1970 


from a current rate of approximately 
10,000 tons. SEDEMA’s operation is based 
on the chemical proces of Manganese 
Chemicals Corp., Baltimore, Md. The lat- 
er's one-third interest in SEDEMA was 
sold in 1967 to Belgian partners. Various 
oxides of manganese, manganese sulfate, 
and various carbonates of manganese are 
produced in addition to the synthetic man- 
ganese dioxide, which is marketed under 
the trade name Faradiser M. 
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Table 9.—World production of manganese ore by countries 1 
(Short tons) 
Country Percent 1967 1968 1969 » 
Mne 
North America: 
Mexico NT Pm 35+ 75,444 65,420 158,252 
United States 85 + 12,585 11,378 5,630 
South America: 
Argentinn ae 30 — r 11,220 4,344 NA 
8 te Si ³ y ³ĩAA et 80-40 r 29,052 29 , 829 NA 
Brasi te a Se ucc pt se 88-50 r 1,825,260 1,852,195 e 2,166,260 
Chil. ou suyu ĩ⁊ᷣ ( 8 41-47 16,856 26, 283 26,124 
GöÄöÄöùÜvꝛ . ⁰ꝛk peu meu ame E 86-42 196,820 144,130 
PE; ³ꝛ0Ü.. ]⁰ m kk cae doma 84-42 r 1,284 7,885 8,022 
muspa 
Dal, Vor EE ERN PR 80 + r 48,500 45,000 e 45,000 
nol METTE PS 50 8,501 e 9,000 7,087 
Hung ee 80 — r 280,000 172,000 e 172,000 
Waly z: POPE DS NDA 80 — 51,917 56,020 58,385 
( ³˙Ü—õÜ³ ⁵¼2 9:2:5 e e hes 88-42 10,838 10,652 e 8,800 
Rumania 6220502655 ccc 85 88,000 88,000 88,000 
If OT EE 80 + r 9,332 14,248 25,302 
%%% ³¹Ü¹ÜAqÜſſ »A eee ee eee NA 7,909,000 7, 286, 000 e 7, 700, 000 
e . ok ccc eds 80 + 10,826 e 15,750 13, 593 
Africa: 
TT EE 35+ 86,575 10,086 32,044 
Botswana... -------------------------- 3o—— „282 24, 769 
Congo (Kinshasa). .....................- 42+ 299 , 427 354, 735 343,291 
P ⁰˙˙ ooo eect Oo eee tae 50-53 1,264,350 1,381,819 1,502,449 
Ghana t oC 48 9,879 455,617 385,476 
Ivory Coast... ß 82—47 164,721 128,685 140,036 
Morocco o uin ⁰ LL dU 85—53 315,413 176,602 143,935 
South Africa, Republic of 30+ 2,002,513 2,173,438 2,429,599 
AT TN, EE 86-44 75 e 5, 500 940 
United Arab Republic.................... 80 — 88,000 4,861 NA 
pap b 85+ 27,522 27,962 ° 27,500 
ia: 
China, mainland e... .....................- 80 4- 710,000 990,000 1,100,000 
J ³ðVAAA¹¹¹Üw¹ q 2 S u S  —— PH 82—58 1,752,000 1,766,000 1,769,000 
Indonesia 3322 ³VA·˙o¹ ³ E EE 85—49 e 11,000 e 11,000 NA 
Dant n y a eee TOL 85+ 46,000 13,000 89,000 
///ö§ͤ§Ü—è³dĩſà% v mt E E 373, 672 344, 247 382, 606 
Korea, Soutgngnn Ll... 85 ,982 4,658 8,199 
Sleigh 80—40 98,812 49,787 NA 
Philippines CIE 95,881 72,800 22,048 
Fl ceo eer 8 40 86, 603 45,270 82,872 
Turkey et 30-50 r 19,078 27,944 14,582 
Oceania: 
AL NUES ORAN NRI ? 46 r 627, 164 822,177 1,016,185 
ee 40-50 4,888 9,429 22,9 
Now Hebrides Bete oM Rx opa Sas 49-55 80,189 e 60, 7000s __..... 
Total® EE r 18,748,299 18,727,486 19,864,353 
e Estimate. p Preliminary r Revised. " A Not 19,000 b 


5 Iranian calendar year beginning April 1; 1967 and 1969 mine run, 1968 concentrated ore. 


6 Totals are of listed figures only. 


Brazil.—Termoligas-Metalurgicas S.A., a 
joint venture of  Brasimet-Comércio e 
Indüstria S.A. and Cia. de Ferro-Ligas da 
Bahia S.A., started production at its new 
ferroalloy plant. Refined ferromanganese 
was among the alloys to be included in 
the output of the plant, which has a ca- 
pacity of 1,550 tons. Electro-Siderürgica 
Brasileira S.A. was erecting a ferroalloy 
plant at Aratu, Bahia, which was expected 
to be the largest in Latin America. Sched- 


uled for completion in September, it was 
to have an initial capacity of 40,000 to 
45,000 tons per year of ferromanganese and 
ferrosilicon, with plans for later expansion.2 

Indüstria e Comércio de Minerios S.A. 
(ICOMI) awarded a $5 million contract in 
August to Arthur G. McKee & Co., Cleve- 
land, Ohio, for construction of a plant to 


2 Metal Bulletin (London). No. 5421, Aug. 5, 
1969, p. 18. 
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produce 259,000 short tons of manganese 
ore pellets annually at Santana, Amapá 
Territory, from Serra do Navio ore fines. 
Roasting and concentrating units will be 
included in the facility, which will be the 
world's first commerical pellet plant for 
manganese ore. Work was to begin imme- 
diately with completion expected within 2 
years. ICOMI is owned 51 percent by Cia. 
Auxiliar de Empresas de Mineragáo (one 
of the Antunes mining interests of Brazil) 
and 49 percent by Bethlehem Steel Corp. 

On October 21, a new sole tax on min- 
erals became effective. For manganese ores 
this was 7 percent of the base value or 
cost. Proceeds from the tax will have the 
following distribution: 10 percent to the 
Union, 70 percent to the State or Federal 
District from which the mineral was 
mined, and 20 percent to the municipality 
of origin. 

In 1969, Amapá produced 2,103,000 short 
tons of mine run ore; the manganese con- 
tent averaged less than 40 percent man- 
ganese. The washed ore product was 
1,597,700 tons of ore averaging approxi- 
mately 48 percent manganese. At the 
Urucum mine in Mato Grosso, production 
was 83,600 tons averaging 45.38 percent 
manganese; the Meridional mine in Minas 
Gerais produced 138,534 tons having an 
average grade of 38.27 percent manganese. 

Chile.—Manganese ore produced in 1969 
averaged 41.75 percent manganese. 

Congo (Kinshasa).—Production of man- 
ganese ore in 1969 averaged 50.8 percent 
manganese. 

Fiji—Southland Mining Ltd., an Austra- 
lian company, was raising $1 million to 
finance a manganese mining operation in 
Fiji having 100,000 tons per year produc- 
tion as its objective. Part of the funds will 
be used to improve ship loading facilities 
at Lautoka. Measured reserves in the west- 
ern part of Viti Levu were estimated to 
consist of 115,000 short tons of dioxide ore 
containing 72 to 95 percent manganese 
dioxide and 645,000 tons of siliceous ore; 
inferred reserves were estimated at 230,000 
tons of dioxide ore and 860,000 tons of sil- 
iceous ore. The only present operator in 
Fiji, Akhil Holdings Ltd., has produced 
more than 135,000 tons of ore since 1955. 
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Of this quantity, 35,000 tons were of the 
80-percent-manganese-dioxide grade. In 
1968, Fiji exports of manganese ore totaled 
12,146 short tons consisting partly of 80- 
percent-manganese-dioxide ore and partly 
of 50-percent-manganese ore. These ores 
were exported to Japan. 

Germany, West.—Knapsack A.G., a sub- 
sidiary of Farbwerke Hoechst A.G. and one 
of two European sources, reportedly had 
capacity to produce approximately 10,000 
tons of synthetic manganese dioxide per 
year. An electrolytic process was employed.“ 

India.—It was reported that nine Japa- 
nese steel mills had agreed to buy 270,000 
tons (presumably metric) of ferruginous 
manganese ore during 1969 at an Lob, 
price of $10.57 per ton.5 Much of the 
manganese ore reported as exported in 
1968 and 1969 was ferruginous manganese 
ore, or manganiferous iron ore containing 
only 10 percent manganese. Reported ex- 
ports of manganese ore in 1969 were 
1,305,000 short tons compared with 
1,317,000 tons in 1968. Of the ore exported 
in 1969, Japan took 71 percent. Belgium 
was next in size of receipts at 6 percent, 
followed in decreasing order by the United 
States, Czechoslovakia, Norway, France, 
Netherlands, Rumania, Spain, and the 
United Kingdom. The continued closure of 
the Suez Canal with resulting high ocean 
freight rates, as much as 50 percent above 
those of 1967, low market prices, high port 
charges, inadequate port facilities, continu- 
ing export duties, and problems in trans- 
porting the ore long distances from mine 
to port, all contributed to difficulties in 
meeting competition in world markets. Do- 
mestic consumption of manganese ore in 
1969 totaled 815,000 tons, of which 365,000 
tons was used for the production of ferro- 
manganese, 440,000 tons by the iron and 
steel industry, and 10,000 tons for the pro- 
duction of dry cell batteries. 

Seven companies produced ferroman- 
ganese in 1969 as follows (short tons): 


3 Mining po (London). V. 272, No. 6962, 
Jan. 24, 1969, 81. 


World Mining. W. 5, No. 3, March 1969, p. 49. 

4 Industrial Minerals (London). No. 17, Febru- 
ary 1969, p. 22. 

5 Mining Journal SESCH V. 272, No. 6966, 
Feb. 21, 1969, p. 167. 
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Producer 


Tata Iron & Steel Co., Ltd 
Jeypore Sugar Co., Ltd 
Electro Metallurgical Works (P) Ltd _ —- 
Mysore Iron & Steel, Ltd 


Total production in 1968 was 161,819 short 
tons. Most of the ferromanganese produced 
was the standard high-carbon grade. Of 
the producers, all were private sector com- 
panies except Mysore Iron & Steel, Ltd., 
which is owned by the state of Mysore. Do- 
mestic ferromanganese consumption was 
approximately 80,000 tons. Exports totaled 
101,422 tons with the United States taking 
35,600 tons, Japan 26,300 tons, Sweden 
17,600 tons, Yugoslavia 10,750 tons, and 11 
other countries receiving smaller quanti- 
ties. Exports in 1968 totaled 80,821 short 
tons. With production costs reportedly ex- 
ceeding the world market price of ferro- 
manganese, the Government of India for 
the past 2 years has granted a cash subsidy 
of $20 per metric ton on all ferroman- 
ganese exported through its Minerals and 
Metals Trading Corp., the agency through 
which virtually all of the manganese ore 
continues to be exported. The result has 
been a significant increase in ferroman- 
ganese exports. In addition, plant expan- 
sions were under way to meet an expected 
domestic consumption of approximately 
165,000 tons by 1975, and to permit addi- 
tional exports. 

Italy.—Manganese ore production in 
1969 had an average manganese content of 
28 percent. 

Japan.—Production of dioxide ore con- 
centrates was 2,448 short tons in 1969 aver- 
aging 77.6 percent manganese dioxide, and 
3,515 tons in 1968 averaging 68.0 percent 
manganese dioxide. Metallurgical ore con- 
centrates produced in those 2 years aver- 
aged 29.8 and 30.0 percent manganese, re- 
spectively. Production of ferromanganese 
for the 2 years was, respectively, 421,000 
tons and 380,000 tons; electrolytic man- 
ganese metal, 7,956 tons and 7,756 tons; 
and synthetic manganese dioxide, 41,800 
tons and 35,800 tons. Most of the synthetic 
manganese dioxide was produced for ex- 
port. 

Morocco.—Soc. Anonyme  Chérifienne 
d'Etudes Minierés (SACEM) planned to 


Location Capacity Production 
Andhra Pradesh............- 48,000 47,634 
Maharashtra 40, 000 39,430 
EE, Th GEES 40,000 35,712 
Orissa__________ UR REM 83,000 29,112 
EE, (0 uy RR eae 26, 500 20,970 
Mysore 13, 500 9,967 
CCC 3,000 1,944 
J! ⁵ oe 204, 000 184, 769 


build a new beneficiation plant at the Imini 
mine with the objective of increasing pro- 
duction of chemical grades of ore and pos- 
sibly eventually discontinuing the produc- 
tion of metallurgical ore.6 Moroccan 
production of chemical- grade ore, probably 
all from Imini, was 132,000 short tons in 
1969 at an average grade of 82 percent 
manganese dioxide, compared with 81,000 
tons of the same grade in 1968. This was a 
drop in grade from the 84 percent reported 
for 1967. Sinter produced in 1969 totaled 
34,000 tons made from 43,000 tons of me- 
tallurgical ore, most of which apparently 
came from stocks. In 1968, there were 
68,000 tons of sinter produced from 85,000 
tons of metallurgical ore. This quantity of 
ore is included in the 1968 data shown on 
table 9. Poland received 58,000 tons of the 
67,000 tons of sinter exported in 1968,.with 
most of the remainder going to France. In 
the first 9 months of 1969, Czechoslovakia 
took more than half of the 24,000 tons ex- 
ported. Of total chemical-grade manganese 
ore exports amounting to 87,000 tons in 
1968, the United States took 29,000 tons, 
France took 21,000 tons, and the remainder 
was divided among more than 15 other 
countries. In 1967, the United States took 
36,000 tons out of a total of 77,000 tons of 
chemical-grade ore exported. 

Manganese ore production at Tiouine 
was virtually at a halt in 1969, apparently 
awaiting completion of a  beneficiation 
plant to be built there by the Hungarian 
organization, NIKEX, under an agreement 
signed in October 1967 with the Bureau de 
Recherches et de Participations Miniéres 
(BRPM). In June 1969, it was reported 
that materials and equipment for the proj- 
ect were being delivered. 

New Hebrides.—The only manganese 
producer, the Forari mine of Cie. Francaise 
des Phosphates de l'Oceanie ceased opera- 
tions in December 1968. In subsequent de- 
velopments leading to reopening the mine, 


$ Industrial Minerals (London). No. 23, August 


1969, pp. 32-33. 


MANGANESE 


Southland Mining Ltd., an Australian com- 
pany interested in mining manganese ore in 
Fiji, acquired a 50-percent interest in Le 
Manganese de Vaté, a company or syndi- 
cate which had acquired the mine early in 
1969. After modernization of the existing 
beneficiation plant, it was expected that 
production would be resumed in the first 
half of 1970 at a rate of 60,000 tons per 
year in order to supply a contract with 
Japanese buyers. Ore reserves were esti- 
mated to: be 300,000 tons containing 42 
percent manganese.’ 

Peru.—Manganese ore produced in 1969 
averaged 36.5 percent manganese. The 
Gran Bretaíía mine, owned by the San 
Martin family and M.A. Cavagnaro but 
working under the supervision of the Banco 
Minero del Peru, probably continued to be 
the only producer. It is located at an ele- 
vation of 13,500 feet in the Province of 
Jauja, Department of Junin, in the central 
region of the country. The Toho Zinc Co., 
Japan, has taken a l-year option to buy a 
70-percent interest in the mine as a source 
of zinc and lead concentrates. Although 
operated historically as a manganese mine, 
zinc concentrates have occasionally been 
produced in the past 2 years. 

Philippines.—Of the manganese ore pro- 
duced in 1969, 14,000 short tons averaged 
48 percent manganese; the remainder had 
an average grade of 34 percent man- 
ganese. Gregorio T. Lluch Co. produced 
4,700 short tons, and the Sierra Madre 
project of Acoje Mining Co., Inc., provided 
the balance. Lluch's production was 23 
percent less than that reported for 1968, 
and Acoje's production dropped in the 
course of phasing out its operation. Phil- 
ippine production of ferromanganese was 
40 tons in 1969; silico-manganese produc- 
tion was 97 tons. 

South Africa, Republic of.—Exports of 
metallurgical ore in 1969 were 1,917,000 
short tons, compared with 1,579,000 tons in 
1968, and 1,442,000 tons in 1967; chemcial 
ore exports in 1969, 1968, and 1967 were 
11,650, 14,500, and 15,500 tons, respectively; 
manganiferous ore exports (containing 15 
to 30 percent manganese and 20 to 35 per- 
cent iron) in 1969, 1968, and 1967 were 
179,000, 329,000 and 140,000 tons, respec- 
tively. Of the chemical ore produced in 
1969, 54,000 tons contained 35 to 65 per- 
cent manganese dioxide, 15,700 tons con- 
tained 65 to 75 percent manganese dioxide, 
and none was produced of the 75 to 85 
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percent grade. Local sales were 74,600 tons 
of the 35 to 65 percent grade, and 2,590 
tons of the 65 to 75 percent grade. Produc- 
tion of metallurgical ore in 1969 was as fol- 
lows: 30 to 40 percent manganese, 1,466,000 
tons; 40 to 45 percent manganese, 172,400 
tons; 45 to 48 percent manganese, 146,000 
tons; and over 48 percent manganese, 
571,000 tons. Local sales of metallurgical 
ore by the various grades respectively were 
606,000, 1,260, 121,000, and 117,000 tons 
Manganiferous ore production was 484,000 
tons in 1969; 502,000 tons in 1968; and 
313,000 tons in 1967. Respective local sales 
were 12,100, 5,460, and 420 tons. 


Spain.—The manganese ore produced in 
1969 had an average manganese content 
of 32.7 percent. 

Thailand.—After investigation of the 
manganese deposits of northeastern Thai- 
land in the period of 1963—66, the conclu- 
sion was reached that it was improbable 
that a large deposit would be found, al- 
though the possibility could not be en- 
tirely eliminated. Small-scale mining of 
chemical-grade ore has been done in the 
region, but these mines have now been 
worked out or otherwise abandoned. Min- 
ing of this type could be resumed at a fa- 
vorable price for chemical ore. Manganese 
occurs as oxides, and at some localities as 
veins of rhodochrosite. The oxides occur 
principally as pods and fracture coatings 
in porous, or weathered-brecciated, sedi- 
ments and metasediments to depths of 15 
feet, but oxide veins are also found.8 Pro- 
duction of battery-grade manganese ore 
(75 percent manganese dioxide) in Thai- 
land was 4,700 short tons in 1969, com- 
pared with 6,500 tons in 1968, and 10,000 
tons in 1967. In 1969, Thailand also pro- 
duced 127 tons of chemical-grade ore con- 
taining 75 percent or more manganese 
dioxide. None of this grade was produced 
in the previous 2 years. Exports of batter- 
y-grade ore were 2,400 tons in 1969 and 
4,100 tons in 1968; ‘metallurgical ore ex- 
ports were 10,000 tons and 44,400 tons in 
1969 and 1968, respectively. Japan has ac- 
counted for most of Thailand’s sales of 
manganese ore. The metallurgical ore pro- 
duced in 1969 contained 46 to 50 percent 
manganese. 


? Mining Journal (London). V. 273, No. 6998, 
Oct. 3, 1969, p. 303. 

8 Jacobson, Herbert S., Charles T. Pierson, and 
others. Mineral Investigations in Northeastern 
Thailand. U.S. Geol. Survey Prof. Paper 618, 1969, 
pp. 58-68 
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United Kingdom.—British Steel Corp. 
(BSC) will double its capacity to produce 
standard high-carbon ferromanganese at its 
Cleveland Works by converting the No. 5 
blast furnace from one designed for pro- 
duction of pig iron to one for production 
of ferromanganese. This will be done pri- 
marily by improving the furnace's gas- 
cleaning equipment so that the very fine 
dust generated in producing ferroman- 
ganese can be handled satisfactorily. The 
general ancillary services for the furnace 
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will be improved as well. At present, only 
the No. 1 furnace produces ferroman- 
ganese. Its output is 2,000 tons per week. 
Workington is the only other BSC works 
producing the alloy. When the change over 
at Cleveland is completed by September 
1970, Cleveland will be ready to produce 
the bulk of the Corporation’s ferroman- 
ganese.? 


? Metal Bulletin (London). No. 5443, Oct. 24, 
1969, p. 21. 
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Deepsea Ventures Inc., a subsidiary of 
Tenneco Inc, was formed in October 1968 
to assume and pursue the deep sea mineral 
interests of Newport News Shipbuilding 
and Dry Dock Co., acquired by Tenneco in 
September of that year. From $5 million 
to $10 million was being invested for the ex- 
ploration and development of mining and 
processing technology with the objective of 
an economical operation for the recovery 
of manganese and associated nickel, cobalt, 
and copper. In carrying on this work, 
Deepsea Ventures collected more than 40 
tons of manganese nodules from the Blake 
Plateau, off the Georgia and Florida coasts, 
for metallurgical pilot-plant tests. Develop- 
'ment of a hydraulic suction dredging sys- 
tem capable of working to depths of 18,000 
feet was well advanced, with its prototype 
scheduled for tests off the Florida coast in 
mid-1970 at a projected recovery rate of 
350 to 400 tons of nodules per day from a 
3,000-foot depth of water. Tests of the suc- 
tion dredging system were conducted suc- 


cessully in 1969 from a depth of 750 feet 
in a flooded mineshaft. During the year, 
the company's research vessel “Prospector” 
was engaged in extensive exploration and 
evaluation of deposits lying on both the 
Atlantic and Pacific sea floors, surveying in 
detail to establish continuity and concen- 
trations that might be suggestive of possi- 
ble commerical mining sites. A 1973 target 
was tentatively set for recovery of nod- 
ules commerically from the Pacific floor 
where they are of higher tenor than are 
those of the Atlantic. A consortium capa- 
ble of investing $100 million to $200 mil- 
lion has been visualized as the requirement 
for accomplishing this objective. 

Other companies that continued to be 
seriously interested in investigating the 
possibilities for deep sea mining of man- 
ganese nodules included Bethlehem Steel 
Corp., The International Nickel Co., Ken- 
necott Copper Corp., Union Carbide Corp., 
and United States Steel Corp. 


Mercury 


By J. M. West! 


The price of mercury (New York) 
dipped below $500 per flask? in the first 
part of the year, and although it re- 
bounded above this mark several times 
during the year, the trend was clearly 
downward. U.S. production of mercury in- 
creased only 2 percent in 1969; imports for 
consumption jumped 37 percent. Actual re- 
leases from Government stocks were much 
lower than in 1968, but large quantities ei- 
ther were made available through intera- 
gency transfer for gradual sale or were 


under consideration for future release from 
the Government's strategic stockpiles as a 
result of changed objectives. Secondary 
mercury provided a lesser share of. the 
total supply—about 17 percent in 1969 
compared with 46 percent in 1968, chiefly 
as a result of decreased sales by the Gen- 
eral Services Administration (GSA). World 
supplies of new mercury were higher, with 
significant increases in Spanish, Canadian, 
and Mexican production. 


Table 1.—Salient mercury statistics 


1965 1966 1967 1968 1969 
United States: 
Producing mines...................... 149 130 122 87 109 
Production flasks.. 19, 582 22, 008 23, 784 28,874 29,360 
Wc. ee thousands.. $11,176 „722 311, 63 315, 464 314, 828 
EXDOIS...-.2 SSL S ou Rec asks.. 7,543 857 2,627 7,496 507 
Reexports. e do- 494 476 475 103 108 
Imports: 
For consumption. ........... do.... 16,288 31,364 24,948 29,246 81,924 
General...................- 0.... 17,838 34,757 23 , 899 23 , 956 , 848 
Stocks Dec. 31.................. do.... 20,386 20,076 18,277 22,907 20, 890 
Consumption do.... 738, 560 71, 509 69,517 15,42 79,104 
w eee New York, average per flask. ..... $570.75 $441. 72 $489. 86 $535.56 $505. 04 
or 
Production flasks.. 267,873 264, 994 232, 078 258, 051 285,948 
Price: London, average per flask ---- 607.85 $447.68 $499.36 $546.80 $536.41 


Questions about mercury pollution of 
the environment were raised, and instances 
of mercury poisoning of domesticated ani- 
mals, of fish and of wildlife were under 
investigation. In Sweden, mercury contami- 
nation was considered to be one of the 
leading pollution issues.3 

Treasure hunters were at work in 1969 
attempting to recover a sizable cache of 
mercury believed to have sunk with a river 
boat many years ago in the Missouri 
River. Several flasks were reported re- 
covered after extensive search. 

Legislation and Government Programs. 
—Government financial assistance on a 
participatory basis was available, as before, 
for mercury exploration projects to the ex- 


tent of 75 percent of the acceptable costs. 
Repayment was to be made at the annual 
rate of 5 percent royalty on production 
from the property. Such aid was available 
through the Office of Minerals Exploration, 
U.S. Geological Survey. Projects were lim- 
ited during the year by a shortage of 
available funds, but several contracts and 
new applications were under review or 
being implemented. 


1 Physical scientist, Bureau of Mines, San Fran- 
cisco, Calif. 

2 Flask as used throughout this chapter refers to 
the 76-pound flask. | 

3 U.S. Embassy, Stockholm. State Department 
Airgram A-691, Oct. 31, 1969, 3 pp. 

*San Francisco Chronicle. Missouri Discovery: 
one Fortune From Lost Boat. July 15, 1969. 
p. 30. 
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Although Government stockpile objec- 
tives for mercury were dropped to 126,500 
flasks in 1969, no disposal sales of surplus 
stockpile supplies were initiated and a new 
review of requirements was anticipated. 
The previous objective had been 200,000 
flasks. Total stockpile accumulations from 
all programs stood at 200,093 flasks as of 
June 30, 1969. 

Sales by the GSA of surplus mercury 
stocks obtained from the Atomic Energy 
Commission were resumed again in Octo- 
ber 1969 after closing out earlier supplies 
in February. A total of 15,000 flasks was to 
be sold at maximum monthly offerings of 
1,500 flasks. Actual sales from the new sup- 
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plies totaled only 806 flasks as most bids 
during the remaining months of 1969 were 
rejected as too low. Total surplus sales for 
the year amounted to 3,077 flasks. Unsold 
stocks were carried over for sale in future 
months. Awards were made at prices per 
flask averaging $524.05 in January, $534.94 
in February, $480.48 in October, $497.52 in 
November, and $510.00 in December. 

Effective in taxable years beginning after 
October 9, 1969, the depletion allowance 
for mercury was cut from 23 to 22 percent 
for domestic deposits and 15 to 14 percent 
for foreign deposits, in accordance with 
the Tax Reform Act of 1969. 


DOMESTIC PRODUCTION 


First-year production from the Ruja 
mine, located adjacent to the Quinn River 
(Cordero) mine in Humboldt County, 
Nev., was largely responsible for a sharp 
increase in production from Nevada. Pro- 
duction of primary mercury from Califor- 
nia declined, with the Nation’s leading 
source, the New Idria mine, supplying sig- 
nificantly less than in 1968. Outputs of 
several other California mines, including 
the Gibraltar, Guadalupe, Abbott, and 
Culver-Baer, were higher, but increases 
failed to offset decreases at other mines. 
The El Capitan mine, in the Last Chance 
Range of eastern California, supplied 
much less mercury than in 1968, its first 
full year of operation, when it was one of 
the country’s leading producers. 

Output from Oregon was sharply lower 
because the Black Butte mine had ceased 
operations. In Texas, although production 
in 1969 was higher, the main source, the 
Study Butte mine, was expected to close 
about yearend because of the marginal ore 
grade, averaging 3.4 pounds of mercury 
per ton. Arizona production remained 
small and came from two mines. 

In Idaho, the Idaho-Almaden mine con- 


tinued operations with low-grade ore, aver- 
aging only about 1.25 pounds per ton in 
1969. Alaskan mercury production rose; 
three mines were reported active in the 
Kuskokwim River region and one in the 
Bristol Bay region. The Red Devil mine 
remained under development, and facilities 
were scheduled for reactivation in early 
1970, with forthcoming concentrate to be 
shipped in that form to a Japanese buyer. 
No production was reported in Washing- 
ton, although there had been some in 
1968. 

The total number of operating mines in 
1969 rose to 109, with most of the increase 
accountable to California and Nevada 
producers of less than 100 flasks. The 
number of producers reporting outputs of 
1,000 flasks or more rose to 11; those re- 
porting 500 to 1,000 flasks declined to 3; 
and those reporting 100 to 500 flasks de- 
clined to 15. Of the total production, 76.5 
percent came from producers of 1,000 
flasks or more, 6.5 percent from producers 
of 500 to 1,000 flasks, and 12.7 percent 
from producers of 100 to 500 flasks. Princi- 
pal mines in 1969 were as follows: 


State County Mine 
Properties Producing 1,000 Flasks or More 
California San Luis Obispo.............- Buena Vista. 
RI WER EE el EE Gambonini. 
RI GE Santa Barbara Gibraltar. 
JJ, E Santa Clara..............---. Guadalupe 
%%» 22222 Sonoma ñ Mt. Jackson 
ö˙ A Z22222 unas San Benito. ........-.------- New Idria. 
E TE, . . . . eu ce Washington Idaho-Almaden. 
Nevada Esmeralda. k 
%%% Humboldt. .................. uinn River (Cordero). 
P97 cect ees cue Ou EE uja. 
e su css s. c RT Brewster.. -=--> Study Butte. 
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State County Mine 
Properties Producing 500 to 1,000 Flasks 
ee deiten 5 CFF Abbott. 
CCC Sonoma . Culver-Baer. 
Nevada CERT: Pershing Goldbank. 
Properties Producing 100 to 500 Flasks 
Alas sese es eu eek Kuskokwim River Region Cinnabar Creek. 
J» tee ss Kuskokwim River Region..... White Mountain. 
California. Fr Altoona. 
DO. cl c eos Mill 8 Chileno Valley. 
ER ee e EE Corona. 
JGG Inyo EE El Capitan. 
RI 8 ale TEEN Juniper. 
P99. NE San Luis Obispo— . au. 
RI EE ER eet Knoxville 
RI EE Santa Clara New Almaden 
DOo-.:2ocusccseeue ee TT EE Oat Hill 
RI EE ort ee ee Petray 
Nevada................. Humboldt................... Cahill. 
Do... ie uz Pershing Horton's Mercury. 
PD! u nu uum NN; AAA Ione Mercury. 


Table 2.—Mercury produced in the 
United States, by States 


Value! 
Year and State ducing Flasks (thou- 
mines sands) 
1968 

Arizona a 3 192 $103 
California. 53 21,417 11, 470 
NEAL ES EIEE 8 338 502 

Alaska, ` Idaho, Texas, 
Washington 1,547 829 
Total. 87 28,874 15, 464 
California. 72 18,480 9,333 
HO scocsseeesackicus 1 1,012 511 
ayena ER 24 8,165 4,124 
Oregon 43 22 
Alaska, Arizona, Texas. 8 1,660 838 
Total. 109 29,360 14, 828 


! Value calculated at average New York price. 


Table $.—Mercury ore treated and mercury 
produced in the United States 1 


Mercury produced 
Ore treated a w; P 
Year (short tons) Pounds 
Flasks per ton 
of ore 
1965-22 ———— 889,124 19,853 4.8 
1966.........- 821,080 21,993 5.2 
196777. 489, 28,767 4.1 
1968.........- r 484,198 28 , 857 5.1 
1969. 432, 591 28, 552 5.0 
r Revised. 


l Excludes mercury produced from old surface ores, 
dumps, and placers. 


Secondary production of mercury de- 
clined in consonance with lower Govern- 
ment releases, which were included as part 
of the figures. Other sources, such as 
battery scrap, dental amalgams, and var- 
ious types of sludges contributed to the 
secondary recoveries. 


Table 4.—Production of secondary 
mercury in the United States 


Year Flasks ! 
196 46, 670 
1 9639ſ9d,s 8 16,400 
1967. 22,150 
1968. 2:222. z5e 84, 
1969____.......... 13,650 


1 Includes GSA releases. 


CONSUMPTION AND USES 


Electrolytic preparation of chlorine and 
caustic soda continued to require increas- 
ing quantities of mercury, both for that 
lost in processing and that going into ini- 
tial startup requirements of new plants. 


According to the Chlorine Institute, Inc., 
mercury cells in the United States ac- 
counted for 27.9 percent of the total in- 
stalled chlorine capacity in 1969. This was 
low compared with the Canadian ratio of 
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56.8 percent in mercury cells. The total 
U.S. chlorine capacity in 1969 was 25,124 
short tons per day, according to prelimi- 
nary figures, representing an 8-percent in- 
crease over the 1968 capacity. Thus, about 
7,000 tons of chlorine capacity per day was 
available in plants using mercury cells. In 
a technical development that might alter 
the trend toward increased mercury con- 
sumption for the previously stated pur- 
poses. it was announced that a new dimen- 
sionably stable anode made of specially 
coated titanium had been devised that 
would make the use of diaphragm-type 
cells more attractive again.5 In addition to 
lasting longer, the anode was expected to 
increase capacity when placed in existing 
cells, was reported to be applicable to both 
mercury and diaphragm-type cells, and to 
reduce power requirements by several per- 
cent. 

A unique use for mercury featured an 
ll-ton (about 290 flasks) pool of the 
metal to provide frictionless support for 
floating the optical assembly of a 
telescope.6 A mercury-fueled ion engine, 
providing thrust of about six thousandths 
of a pound, was scheduled for testing in 
an earth-orbiting spacecraft. Consumption 
of mercury for such propulsion was ex- 
pected to be minimal. Technical details 
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were reported elsewhere. A study was 
completed on uses and projected consump- 
tion of mercury through 1975, when an- 
nual consumption was expected to have 
grown to about 83,500 flasks.9 Battery and 
other applications of mercury were dis- 
cussed and a "Buyers' Guide to Suppliers 
of Mercury," arranged by products sold 
and including scrap mercury buyers, was 
published.10 

Consumers were told of the availability 
of a new type of plastic container that 
could substitute for traditional metal 
flasks.11 Weight savings of about 5 pounds 
per flask were estimated, but the cost 
could be two to three times that of the 
metal flask, depending upon volume or- 
dered. 


s Chemical Week. The Challenge to Graphite 
Anodes, V. 104, No. 7, Feb. 15, 1969, pp. 40—46. 

€ Government Executive. Big Eye: Closer Look 
at Old Sol. November 1969, p. 16. 

T American Metal Market. Mercury Ion Engine 
Will Be Tested on Lockheed Agena. Mar. 26, 
1969, p. 22. 

5 Byers, David C. An Experimental Investigation 
of a High Voltage Electron-Bombardment Ion 
Thruster. J. of the Electrochem Soc., v. 116, No. 
1, January 1969, pp. 9-17. 

° National Materials Advisory Board. Trends in 
Lies of Mercury. NMAB-258, September 1969, 

` pp. 

10 American Metal Market. Mercury Supplement, 
Section 2, July 28, 1969, pp. 1A-8A. 


11 Metals Week. More On the 2-1b Surlyn Flask. 
V. 40, No. 29, July 28, 1969, p. 23. | 


Table 5.—Mercury consumed in the United States by uses 


(Flasks) 
Use 1965 1966 1967 1968 1969 
Agriculture (includes fungicides and bactericides for 
industrial purposes) M- „116 2,874 8,732 8,430 2,689 
Amalgamation.. ee 268 248 21 267 195 
aleet 924 1,932 2,489 1,914 2,958 
Dental preparations IIllll . 1,619 1,334 1,859 2,089 8,053 
Electrical apparatus !____._....--.--------.----- 16,097 16,257 14,610 17,484 18,650 
Electrolytic preparation of chlorine and caustic 
prp MMC PP , 153 11,541 14,306 17,453 20,720 
General laboratory use: 
Commercial h 1,119 1,563 1,133 1,246 2,041 
EUM and control instruments III.. 4,628 4,097 8,865 8,935 6,981 
aint: 
Antifouling 32220 ETE a S a Na es 255 140 152 892 
Mildew proofng gg -2MM 8,211 8,280 7,026 10,174 9,486 
Paper and pulp manufacture... ................... 619 612 446 41 558 
Pharmaceuticals 418 232 283 424 724 
Redistilled lll 12,131 7,267 7,334 8,252 (2) 
M o· A d 15, 402 15, 632 12,563 7,945 9,689 
Total known useng .------------------- 738, 560 71,509 69,517 75,422 77, 988 
Total uses unknown.............-......--.  ...222 ^» lQ22222 ^^ l2.2212 eee 1,116 
Grand total. 2 c.l. c Lll l.l... 73,560 71,509 69,517 75,422 79,104 


l A breakdown of the *''redistilled" classification showed averages of 47 percent for instruments, 18 percep} 
for dental preparations, 23 percent for electrical apparatus, 10 percent for general laboratory, and 7 percent 


for all other uses in 1965-68 


2 In 1969 “redistilled” mercury is broken down and included in the categories for which it is used. 
3 Includes mercury used for installation and expansion of chlorine caustic soda plants. 
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Table 6.—Mercury consumed in the United States in 1969 


(Flasks) 
Primary Redistilled Secondary Total 
Agriculture III 2,689 dues AS 2,689 
Amalgamation. ...---------------2----- 194 1 NOS 195 
BC WE EE 2,295 144 579 2,958 
Dental preparationn s 214 1.422 1,417 8,053 
Electrical apparatus 13,260 3, 855 1,585 18,650 
Electrolytic preparation of chlorine and 
caustic soda . . . .....-.-..- 19,268 SE 1,457 20,720 
General laboratory us 1,232 555 254 2,041 
mo and control instruments 2,832 9,484 665 6,981 
aint: | 
ouli uuu l Sluis 244 "-— M moe 244 
Mildew proofing.....................- 9,486 3 E 9,486 
Paper and pulp manufacture............... 558 T NN 
Pharmaceuticals 360 3644 724 
Bd EE 8,427 81 1,181 9,689 
Total known uses 60,994 9,906 7,088 77,988 
Total uses unknown... ............- 134 107 875 1,116 
Grand total . 61, 128 10,018 7,963 79,104 
l Includes fungicides and bactericides for industrial purposes. 
= 25 
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Figure 1.— Trends in production, consumption, and price of mercury. 
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Table 7.—Stocks of mercury, December 31 

(Flasks) 

Consumer 
Year Producer and Total 
Dealer | 
1960252 eee 1,432 18,954 20,386 
1960.52.25 eeu 1,976 18,100 20,076 
VOGT 2 cnm 5 17,520 18,271 
0 8 1,059 121,848 122,907 
1969. a z; 52 2,640 17,750 20,390 
r Revised. 
PRICES 
Mercury prices declined during 1969, av- were higher. Monthly price averages 


eraging $505.04 per 76-pound flask on the 
New York market. Despite the drop, this 
average ranked as the third highest of rec- 
ord. Only the averages for 1965 and 1968 


ranged from $483.91 to $537.26 per flask, 
New York. The annual average on the 
London market was $31.37 higher. 


Table 8.—Average monthly prices of mercury at New York and London 


(Per flask) 
1968 1969 
Month 
New York! London ? New York! London ? 

January 528.32 536.02 528.18 532.29 
February. ............- 571.70 597.49 537.26 533.28 
March. ..............- 571.33 587.93 520.48 533.34 
ADI: ee 555.57 566.82 500.95 533.67 
[A MERI RUPEE 536.91 561.47 516.24 532.19 
VTV 510. 00 524. 62 495. 00 532.87 
AT ---------------- 502.64 518.68 499.382 533.05 
August- -------------- 517.14 523.66 485.24 531.92 
September 541.85 540.75 491.10 524.47 
October 539.74 545.34 483.91 526.32 
November 520.42 532.63 506.89 560.13 
December 531. 05 526.90 495.95 563.36 
Average 535. 56 546. 80 505.04 536.41 


1 Metals Week, New York. 


? Mining Journal (London) and Metal Bulletin (January-July) prees in terms of pounds sterling were con- 


verted to U.S. dollars by using average rates of exchange recorde 


by Federal Reserve Board. 


FOREIGN TRADE 


Exports of mercury fell sharply from 
those in 1968 when the U.S. Agency for 
International Development was a factor in 
export sales. Shipments in 1969 went to 
the Republic of Korea (229 flasks), Can- 
ada (99 flasks), and to 32 other countries. 
Reexports from bonded U.S. warehouses 
remained small. 


Table 9.—U.S. exports and reexports 


of mercury 
Exports Reexports 
Year Value Value 
Flasks (thou- Flasks (thou- 
sands) sands) 
1967.......- 2,62 $1,281 475 $193 
196888 7,496 3,951 103 54 


1989 .. 507 294 108 57 


Imports for consumption rose 37 percent, 
an increase of 8,678 flasks, with Canada re- 
placing Spain as the principal source. The 
Mexican and Italian shares of total im- 
ports rose sharply from those in 1968; im- 
ports from Yugoslavia continued to de- 
cline. Ghana was listed as the source of 
107 flasks, although that country had not 
been known as a producer before. Peru 
dropped from the list of U.S. suppliers, 
shipping mostly to Japan instead. 

Included in imports were waste and 
scrap mercury coming principally from 
Canada but also from Ghana, the United 
Kingdom, and Mexico. Waste and scrap 
imports totaled 23 short tons valued at 
$101,170. Based on dollar values, it was es- 
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timated these imports probably contained 
about 200 flasks of mercury. Also, mercury 
ore was imported from Bolivia, Peru, and 
Mexico. The ore, totaling 36 short tons, 
was valued at $13,600 and probably con- 
tained about 30 flasks of mercury. 
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The U.S. rate of duty on mercury im- 
ports dropped from $15.20 per flask during 
the year to $12.92 per flask as of January 
1, 1970, in accordance with provisions of 
the General Agreement on Tariffs and 
Trade. 


Table 10.—U.S. imports for consumption 1 of mercury, by countries 


1967 1968 1969 
Country 
Flasks Value Flasks Value Flasks Value 
(thousands) (thousands) (thousands) 

fr EE ` Rel 142 $09  J— 224255 ———— See 
Bolivia. 40 $18 20 10 $6 
Canada................- 891 97 5,626 2,829 15,546 7,455 
l. tus eee — .'wscc 40 | 1999. 
France.................- 250 CCCo 8 

GENS I u SD ͤk0 r CLER Cr 107 
Taly ot mcer r 4,091 11, 831 r 252 r 119 5,041 2,520 
Mexico r 1,234 r 533 r 1,928 r 877 7,898 8,409 
5 8 200 ; PPP eebe 
NOD DE HORE 1,087 427 1,161 463 unten EE 
Philippines 7 550 JJ ·o o ased — "uis 
Pn r 13, 470 r 5,887 12, 900 6,218 2,602 1,216 
/ A/ yy %õ ³· h ͤ ieee 
United Find <e222s50 sesah T—T——[—ͤ!Ed 388 186 
Yugoslavia. ............- 8,085 1,408 1,171 558 831 411 
T'otál. t cc si s r 24,948 r 10, 553 r 28,246 r 11,164 81,924 15,207 

r Revised. 
R 1 Data include mercury imported for immediate consumption plus material withdrawn from bonded ware- 
ouses. 
Table 11.—U.S. imports 1 of mercury, by countries 
1967 1968 1969 
Country 
Flasks Value Flasks Value Flasks Value 
(thousands) (thousands) (thousands) 

Argentina ee. Seege, ` debe 142 $69 ͤͤ A  ------ 
Bolivia.................- 40 $18 20 10 1 $6 
Canada 391 97 5, 626 2,829 15,546 7,455 
rr y 4 18. — Loco SSS 
France. p 250 8Ü. 36252 e 8 

EC ⁵ð asus Eege ë exe. ` duwbeES 107 
11177 r 5,117 r 2,808 r 551 r 261 8,665 1,8738 
Mexico r 1, 260 r 546 r 2,839 r 1,076 7,398 8,409 
5 33 200 „ . . Lee 
JJC ͤ TES 1,087 427 1,161 463 MES erer 
Philippines „ 55 e .. e 
Spal. RC r 11,969 r 5,108 12, 900 6,218 2,902 1,855 
SWeden ⁰ bee ë -ebexwe. , 7 ˙ IA. sexus 
United Kingdo n „„, 888 186 
Yugoslavia. ............- 8,085 1,408 1,171 558 881 411 
rc ub cu: z: r 23,899 r 10,309 r 28,956 r 11,505 80,848 14,699 

r Revise 


d. 
1 Data are “general” imports, that is, they include mercury imported for immediate consumption plus ma- 


terial entering the country under bond. 


WORLD REVIEW 


Algeria.—A reported 125-ton-per-day fur- 
nacing plant was scheduled to be in full 
production in early 1970 at the Ismail 
mercury deposit near Annaba. Ore reserves 
in the deposit were said to total 300,000 
tons. Russian equipment was incorporated 
in the plant. 


Canada.—Events leading to recent devel- 
opment of the Pinchi Lake mercury de- 
posit in British Columbia were reviewed.12 
Operated by Cominco Ltd., the mine in 


12 Lang, A. H. Discovery of the Pinchi Lake 


Mercury Deposit. Can. Min. J., v. 90, No. 11, 
November 1969, pp. 45—46. 
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1969 was supplying near capacity require- 
ments of the 800-ton-per-day flotation mill. 
About three-fourths of the mercury pro- 
duced was destined for export to the 
United States. Silverquick Development Co., 
Ltd. continued to develop its open pit mer- 
cury mine near Gold Bridge, B.C., and ex- 
pected to begin production at its 500-ton- 
per-day mill in early 1970. A large tonnage 
of low-grade ore was said to exist. Empire 
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Mercury Corp., Ltd., also was developing a 
large, mainly low-grade, deposit in the 
same mining district and initiated a drill- 
ing program to explore below the 250-foot 
depth already probed. Highland Mercury 
Mines, Ltd., pursued plans to diamond 
drill its mercury property adjacent to the 
Pinchi Lake mine after intersecting what 
was considered a favorable showing of cin- 
nabar in the Cache Creek formation. 


Table 12.—World production of mercury, by countries 


(Flasks) 
Country 1967 1968 1969 » 
Bolivia (export `. .------------------------ r 100 134 68 
Che TEE e 5,000 e 20,000 
Chile. Su smaccl ecce mat 184 513 275 
China, mainland e___ 20,000 20,000 20,000 
Sent; sue hoe Li LEE Ee 210 862 344 
Czechoslovakia l.l. r 203 116 e 150 
Ireland. c l. . . Saeed 5 5 jj duisi 420 
FI tee Ee 48 , 066 52,215 48,733 
Japa- ee ³˙·wm xi MEE. 4,617 5,084 5,599 
Mexico EE r 14,417 17,202 22, 500 
//) ROMERO EDO r8,135 3,119 ,960 
PRIN DINGS 3.3.2, ß ae ee oe ce) 2,611 8,544 3,478 
AE TEEN 190 e 208 e 200 
SDHID- Z ñ Ü ꝛð² d d E E E T E T 49, 227 57,262 64, 406 
Fi; ⁰ s eue 292 309 320 
TUKEY sonde Gea ta Na eS Z nya umiwas ha r 4,147 4,320 e 4,800 
USS Ré oru secu ee 45,000 45,000 47,000 
United States 23 , 784 28 , 874 29,360 
Yuüugoslàvi8B. 2 enemy cec pe 15, 890 14, 794 14, ,930 
Total 23l EE r 232,073 258,051 285,343 

e Estimate. p Preliminary. r Revi 


ised. 
Official figures as reported by Statistical Office, Secretary of Industry and Commerce, Mexico; overall pro- 


duction of mercury believed to be much higher. 
2 Total is of listed figures only. 


A base-metal sulfide prospect in South- 
eastern Ontario, on the boundary of Fron- 
tenac and Lanark Counties about 50 miles 
Southwest of Ottawa, was reported to con- 
tain anomalous and possibly significant 
amounts of mercury occurring in tetra- 
hedrite. The property was under develop- 
ment by Carndesson Mines, Ltd. 

Chile.— The principal Chilean mercury 
producer, Compania Minera Tamaya, con- 
tinued development at its several small 
mines. 


Colombia.—Cia Minera Nueva operated 
its furnacing plant far below the 300- 
flask-per-month reported capacity in 1969. 
Company officials discussed with Nomura 
Mining Co. of Japan, a plan under which 
the latter would provide financing to de- 
velop Minera Nueva's deposits at Aranzazu, 
in Caldas Province, with repayment to be 
made in concentrates over a 10-year pe- 
riod. 

Czechoslovakia.— The first mercury re- 
covery plant in Czechoslovakia for process- 


ing mercury-bearing copper sulfide 
concentrates was scheduled to go into pro- 
duction in 1969. Capacity of the plant was 
believed to be about 1,000 flasks per year. 

Ghana.—Cinnabar was identified in sul- 
fide ores discovered in 1967 or 1968 in the 
Sampa area of Ghana. The country appar- 
ently became a small producer of mercury 
in 1969, as indicated by U.S. import statis- 
tics. 

India.—Minerals & Metals Trading Corp. 
sought tenders for prompt shipment of 
2,700 flasks of mercury for the Indian Gov- 
ernment, mainly for use in chlorine and 
caustic soda manufacture and also in the 
drug industry. 

Indonesia.—Nomura Mining Co. of 
Japan sent a survey mission to Indonesia 
to study a new discovery in Puruacarta 
and possible rehabilitation of the Tegoro 
mercury mines in nearby Sarawak (Malay- 
sia). Recent mercury discoveries near the 
Sankaropi copper deposit in central Sula- 
wesi were investigated by a U.S. firm. 
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Ireland.—From July through September 
1969, the new distillation plant of Gort- 
drum Mines (Ireland) Ltd. treated 404 
tons of mercury-bearing copper concen- 
trate, producing 149 flasks of byproduct 
mercury. About 775 additional tons of con- 
centrate was scheduled for treatment be- 
fore yearend. The extraction plant and fa- 
cilities were built at a cost of $1.5 million. 

Italy.—The average grade of ore mined 
continued to decline, approaching 10 
pounds of mercury per ton. Italian exports 
of mercury in the first 10 months of 1969 
totaled 29,150 flasks, compared with 29,510 
flasks during the same period of 1968. Italy 
imported about 340 flasks in the first 10 
months of 1969. Late in the year the Ital- 
ian Government concern, Instituto per la 
Recostruzione Industriale (IRI), purchased 
an approximate one-third interest in the 
country's leading mercury producer. Società 
Minerariá Monte Amiata, from the holding 
company, Sta. Finanziara di Participazioni 
Azionarie. Mercury producers maintained 
firm resistance throughout the year to 
lower sales prices, according to market re- 
ports. 


Table 18.—Italy: Exports of mercury 1 
by countries 


(Flasks) 
Destination 1967 1968 1969 
Australia 745 508 8 
T T E 5 C 
Belgium Luxembourg: == 100 (2) 2) 
DIL — 8 8 (2) 2) 
Donna: Ee 0 (2) 2) 
Fran ee 1,308 b 1,410 
Germany 
OTT Dg NEM 2,002 2,888 6,393 
o 3,706 2,602 4,908 
Hungary 300 400 (2) 
Israel......... . s esee 90 (2) (3) 
dard HN DERE NAMUR 8,126 1,818 2,852 
EFF 5,885 6,153 4,408 
Netherlands F 260 45 148 
Poland...............- 658 1,485 1,801 
Rumania 01 189 34 
South Africa, Republic 
/n ( 01 31 (2) 
Sweden 80 d 3 
Switzerland. ........... 52 fa 6 
United Kingdom 8,792 7,133 5,883 
United States 8,791 2,753 4, 102 
Other countries 41 8,662 1,818 
Total... ocu 86,981 34,673 34,061 


1 Calculated from quantities reported in kil 
2 Not reported; may be included under ‘ Other 
countries." 


Japan.—Japan supplemented its limited 
domestic supplies and continued to pur- 
chase mercury and cinnabar concentrates 
from a number of sources abroad. In 1968 
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metal imports totaled about 26,100 flasks 
and for the first 6 months of 1969, about 
11,140 flasks. Domestic production for the 
fiscal year ending March 31. 1969 was 22 
percent below that of the preceding year. 


Mexico.—Confusion and uncertainty con- 
tinued over the question of how much 
mercury is produced in Mexico. Official 
statistics provided only data on those por- 
tions that were taxed and for which ex- 
port licenses had been granted. It was 
widely held, however, that sizable quanti- 
ties were produced in addition to what 
was Officially acknowledged. Gambosinos, or 
small independent producers, generally in 
remote areas away from close scrutiny, 
were considered a significant source of 
mercury bypassing official channels. De- 
spite easing of regulations and reduced 
taxes, the trade in mercury from these 
sources appeared undiminished in 1969. 
Under rules that had been adopted in late 
1968, the Mexican producer was required 
to have a notice of shipment from a num- 
bered series issued by the Government in 
order to store his mercury or move it to 
the nearest point of sale. The dealer pur- 
chasing the mercury had to pay the appli- 
cable tax, which then permitted him to 
obtain a transit invoice. Production and 
export taxes, which were cut in half at the 
beginning of 1968, constituted about 14 
percent of the official mercury price. 

The largest source of mercury was Quer- 
etaro State, followed by Durango, San Luis 
Potosi, and about 12 other States. Big 
Chief Mining Co., probably the largest sin- 
gle Mexican producer, considered a major 
expansion which would include a large flo- 
tation plant. Although estimates of overall 
Mexican production varied widely, it ap- 
peared that a figure somewhere between 
30,000 and 35,000 flasks might find a con- 
sensus for the total output in 1969. 

Philippines.—Palawan Quicksilver Mines, 
Inc. expanded operations, adding a fifth 
kiln to its furnace plant. Plant capacity 
reached 475 tons per day with the addi- 
tion; ore treated was averaging from 2.75 
to 3.00 pounds a ton, and ore reserves 
were revised upward to 1 million tons. 


Spain.—Spain overcame some of its 
problems in mercury production and 
boosted output about 12 percent in 1969. 
Although less mercury was shipped to the 
United States, more went to European 
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countries, and net shipments increased. 
Spain continued to supply East European 


Table 14.—Spain and Yugoslavia: 


(Flasks) 
From Spain From Yugoslavia 
Destination — ͤ—— — OE 
1967 1968 1969 1967 1968 1969 
HEES 621 71 7777. TT eet 1 
RTE EEGEN 11 | 
Belgium-Luxembourg. .......... 217 100 1,276 1 iau (cet | 
Bulgaria____ EEN 39 174 | 
f ·ri²˙ A 951 400 2... Ae 
Czechoslovakia. 2, 852 4,253 8,480 | | ...... 290 
Finland... 8 300 JOl gecko / Sonenn | 
Tee deet 4,266 8,151 fo915. . — | zzii exe 
Germany 
3 E ees 0a chee See ot EN 1,001 1,001 . kna s 
We8t ER 10,220 11,709 13,865 2,089 2,077 | 
Hüngary ron aceE 901 901 90 — — —  Zauc-e Se 
IndiH- ĩ· Zi neos ok 2 DA ducit teeth 788 101 NA 
f u 4,180 5,284 171 „ | 
Netherlands 857 801 II / ë n 
e ß ua aua DÜ ` cs 
Poldnd.. ec ees. ecc 1,401  J ...... 1.7410 ...... 290 | 
Portugal cin euis 202 172 68 „ 
Rumania 2,173 400 240i — — —— | 
South Africa, Republic off A 460 Sp —— — — XL GSSs 
SVedenansns.n” ST. s 676 2,052 1,189 — |  ...... 200 | 
Switzerland...................- 25 2 5838 210 
United Kingdom 2,502 1.621 7,716 3,132 3,301 
United States 14, 536 10, 336 2, 900 5,716 5, 646 
Jͤ!;§ĩ; % h S Susu t NA 145 2, 900 2,030 
Other countries 390 53 352 8 16 
TOUR! é 50, 523 42, 975 41,945 14,678 14,172 NA 


NA Not available. 


! Calculated from quantities reported in kilograms. 


Turkey.—About half of Turkish produc- 
tion in 1969 was from Etibank's Halikoys 
mine; the rest was produced by about 
eight private firms. Plans were underway 
to expand production, with construction of 
several new distillation plants in progress, 
but it appeared that output would fail to 


match previously announced growth 
projections. 
United Kingdom.—During the first 9 


months of 1969, imports of mercury into 
the United Kingdom amounted to 18,630 
flasks compared with 13,950 flasks for the 
comparable period of 1968. 
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countries, specifically Czechoslovakia, East 
Germany, Hungary, Poland, and Rumania. 


Exports of Mercury, 1 by countries 


U.S.S.R.—Mercury was produced from 
the Shorbulakh mine in the Caucasus 
Mountains by underground methods. A 
second distillation complex was planned as 
a result of three new mercury discoveries 
in the nearby area. Capacity of the Kom- 
binat mercury plant at Nikitovsk, in the 
Ukraine, was expanded. 


Yugoslavia.—Mechanization of Yugosla- 
via's principal mercury mine, the Idria 
(Idrija) continued. Discovery of a promis- 
ing new orebody at depth was reported 
and a long crosscut was said to have been 
driven to intersect it from lower workings 
of the Idria mine. 


TECHNOLOGY 


Further progress was made in geochemi- 
cal exploration techniques for mercury de- 
posits and for the trace mercury often as- 
sociated with base-metal deposits. Two 
similar portable instruments were investi- 
gated: One measuring ultraviolet absorp- 
tion directly, and the other modified 
with gold wool to remove interfering 
substances.13 Tested on soil samples. the 


first instrument appeared satisfactory when 
the organic content of soils was low; the 
second was satisfactory for soils of varying 
organic content but gave results slower. 
Precision of mercury analyses with the 


13 Azzaria, L. M., and G. R. Webber. Mercury 
Analysis in Geochemical Exploration. Canadian 
Min. and Met. Bull, v. 62, No. 685, May 1969, 
pp. 521-530. 


MERCURY 


atomic absorption spectrophotometer was 
the subject of one paper.4 The lower 
limit of detection by this technique was 
0.05 micrograms of mercury. Using a 1 
gram sample, a content as low as 50 parts 
per billion was detectable. The process was 
considered simple enough that two men 
could prepare and analyze several hundred 
samples per day. A U.S. Geological Survey 
report was released describing a new tech- 
nique of detecting the presence of mercury 
in vapors either in the soil or in the at- 
mosphere above a deposit.15 Mercury con- 
tent of 12 parts per billion was detectable 
in airborne tests. Research was conducted 
in a test area north of San Francisco by 
the California Division of Mines and Geol- 
ogy on mercury vapor sampling of soil 
using cardboard fitted over shallow holes 
for collecting the gas. Results were incon- 
clusive. A process for assaying mercury at 
very low concentrations in soil was re- 
ported, using the reaction of mercury and 
iodine tribromide to form an iodide, fol- 
lowed by addition of crystal violet and a 
colorimetric test.16 A bromine solution was 
used to trap mercury vapor from heated 
samples, which then was analyzed by treat- 
ing with nitrosobenzene and ferryocyanide 
to form a purple test solution. The solu- 
tion was then compared with a standard 
using a spectrophotometer.17 

Genetic relationships of mercury deposits 
were studied and deposits classified by type 
according to the host rocks and other 
features.18 

Assaying of mercury by the thiocyanate 
method was reviewed and step by step 
procedures given.19 The use of an electric 
furnace having space for a number of sam- 
ple tubes for simultaneous assay prepara- 
tion also was described. 

A hydrometallurgical extraction method 
was devised for treating mercury ores 
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wherein a sodium hypochlorite solution at 
a pH between 4.5 and 9.5 is used to leach 
and dissolve the mercury; then the metal 
is adsorbed on activated carbon, followed 
by stripping and distillation. 20 

Chemical leaching research on mercury 
ores was conducted at several locations. At 
the Federal Bureau of Mines Reno (Nev.) 
Metallurgy Research Center, excellent re- 
coveries were obtained in preliminary tests 
on mercury ores using chlorine and a weak 
acid leach followed by precipitation on 
iron filings and electrolysis. The possibility 
of applying the method to heap leaching 
processes recently developed for gold was 
under consideration. 

In a new technique for purifying alumi- 
num, mercury was added to form alumi- 
num-mercury crystals which were melted 
in a molten salt bath, the mercury vapor- 
ized and condensed, and the purified alu- 
minum separated from the bath for fur- 
ther cleansing.21 


M Pyrih, Roman Z., and Ramon E. Bisque. 
Determination of Trace Mercury in Soil and Rock 
Media. Econ. Geol., v. 64, No. 7, November 1969, 
pp. 825-827. 

15 McCarthy, J. H., Jr. and Others. Mercury in 
Soil Gas and Air—A Potential Tool in Mineral 
Exploration. U.S. Geol. Survey Circ. 609, 1969, 


16 pp. 

16 Chemical Engineering. Research. V. 47, No. 
16, Apr. 14, 1969, p. 37. 

17 Ward, F. N. (assigned to Secretary of the 
Interior), Method for Analyzing Minerals, Soils, 
Or Rocks To Determine the Presence and Amount 
of Mercury Therein. U.S. Pat. 3,434,800, Mar. 
25, 1969. 

18 Henderson, F. B. III. Hydrothermal Altera- 
tion and Ore Deposition in Serpentinite- Type 
Mercury Deposits. Econ. Geol, v. 64, No. 5, 
August 1969, pp. 489—499. 

1? Kenneston, Robert. Assaying Mercury Ore 
Today. Calif. Div. Mines and Geol. Min. Inf. 
Serv., v. 22, No. 11, November 1969, pp. 179-182. 

20 Parks, G. A., R. Baker (assigned to 
Mountain Copper Co. of California) Mercury 
Process. U.S. Pat. 3,476,552, Nov. 4, 1969. 

21 Schmidt, W., and J. W. Carson (assigned to 
Reynolds Metals Co.). Distillation Puri6cation of 
Aluminum Containing Mercury Added as a Purge 
for Iron, Silicon, Titanium, and Like Impurities. 
Canadian Pat. 813,276, May 20, 1969. 
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Mica 


By Charles L. Readling 1 


Domestically produced sheet mica sold 
or used by producers dropped substantially 
in 1969 and was at the lowest level since 
1966. Scrap and flake mica registered a 
strong increase over the previous year 
although the average value declined. 
Ground mica produced from scrap and 


flake mica gained substantially in both 
quantity and value. Imports of uncut sheet 
and punch mica increased; imports of 
scrap mica declined. Exports of mica, other 
than manufactured, totaled less than half 
that of 1968; exports of manufactured 
mica increased. 


Table 1.—Salient mica statistics 


1967 1968 1969 


1965 1966 
United States: 
Sold oF Daed oy producers: 
EE thousand pounce 716 4 20 15 W 
Wi Ge usands.. $185 $1 W W 33 
Sera and flake mica. .... thousand Mer tons.. 120 113 119 126 1 
Ae VE a e thousands. $8,468 $8,782 32,876 $8,014 32, 898 
Sroung pa E EE thousand short tons 127 108 97 111 125 
sS eon ͤ 8 thousands. $7,615 36,247 $5,756 $7,072 $8,068 
Consumption, block and film thousand pounds. - , 659 81 1.972 62 „498 
JJ ͤ ( 8 ousan $8,188 33,642 32,757 32, 591 32, 595 
Consumption, splitting thousand pounds 8,260 7,100 6,188 4, 785 5,077 
JJͤͤ 8 thousands.. $8,701 $8,221 $2,759 $2,010 $2,196 
Exports... OR ee eR Dt S Su NO e thousand short tons. . 4 1 
mports for consumption. _..... do. 9 7 4 5 5 
World oduetion thousand pounds.. 845,457 328,411 817,881 343,468 » 868,358 
P Preliminary. W Withheld to avoid disclosing individual company confidential data. 


DOMESTIC PRODUCTION 


Sheet Mica.—No uncut mica larger than North Carolina, the only producing State 


punch and circle was produced in 1969. in 1969. 
Only a small quantity of uncut punch and 


circle, valued at $3,244, was produced from polis, Minn. 


Table 2.—Mica sold or used by producers in the United States 


Sheet mica 


Uncut punch and Uncut mica large 


1 Mineral specialist, Bureau of Mines, Minnea- 


Year and State circle mica than puoi and. Total sheet mica Scrap and flake mica! 
cle 
Pounds Value Pounds Value Pounds Value pues Value 
ns 
1965... uolo 670,506 $189,844 45,580 $45,142 716,086 $184,986 120,255 $8,467,701 
1960 4,500 900-55 4, 500 905 118,188 : ,24 
1hhfhö; ]⁵ùͥ́üĩU hune cece 20,500 W 20,500 W 118,508 2,876,149 
] ]˙ ᷣ᷑—!—2«WD»m Kuss Soave 15, 000 W 15, 000 W 125,828 3, 013, 855 
1969: 
North Carolina WwW 8,244 . ..... ----- w 8,244 67,214 1,618,024 
South Dako, · geese --[ ` debe ð =aano 428 20,290 
GG/PYFFCCↄ TT Moses — xem ë Sëtzen, “ski. ͤ “unus ee 265,421 21,859,869 
Total. ....--.---- WwW 8,244 | ..... ----- W 8,244 188,058 2,898,188 


W Withheld to avoid disclosing individual company confidential data. 


1 Includes finely divided mica recovered from mica and sericite schist, and mica that is a byproduct of 


sedapat and kaolin beneficiation. 


labama, Arizona, Connecticut, Georgia, New Hampshire, New Mexico, Pennsylvania, and South Carolina. 
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Scrap and Flake Mica.—Output of scrap 
and flake mica increased 6 percent in 
quantity but declined 4 percent in value. 
Although output in the State declined 
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Ground Mica.—Sales of ground mica 
increased 12 percent over 1968 to nearly 
125,000 tons, the highest level since 1965. 
The value of ground mica sales increased 


14 percent over 1968. Dry-ground material 
accounted for 87 percent of the total pro- 
duction, the same proportion as 1968. 
Reports were received from 20 grinders 
operating 16 dry and four wet grinding 


3 percent, North Carolina was again the 
major producer accounting for 51 percent 
of the total domestic production. The 
remainder was produced in nine other 


States. plants. 
Table 3.—Ground mica sold by producers in the. United States 
by methods of grinding 1 
Dry-ground Wet-ground Total 
Year — — eS 

Short Value Short Value Short Value 

tons (thousands) tons (thousands) tons (thousands) 
«ö ð K 02a uei 110, 600 $5,316 15,997 $2,299 126,597 $7,615 
1906... 1.25. u suu 87,361 4,110 16,089 2,187 108,450 6,247 
190 EE 82,849 8,842 14,204 1,915 97,058 5,756 
ET 2; 8 96,410 4,862 14,979 2,210 111,889 7,072 
1969. 888 109,152 5, ' 486 15,704 2,572 124,856 8,058 


1 Domestic and some imported scrap. 


CONSUMPTION AND USES 


Sheet Mica.—Consumption of sheet mica 
consisting of block, film, and splittings, 
reached 6.6 million pounds, an increase of 
3 percent from that of 1968. 

About 1.4 million pounds of muscovite 
block and film were used in 1969, of which 
approximately 83 percent was consumed in 
electronic and electrical: uses. The manu- 


facture of vacuum tubes required 53 per- 
cent; the manufacture of capacitors 
accounted for 16 percent of the total block 
and film consumed. Approximately 2 per- 
cent of the material consumed was classi- 
fied as Good Stained or better; 42 percent 
Stained; and 56 percent Lower than 
Stained. 


Table 4.—Fabrication of muscovite ruby and nonruby block and film mica and 
phlogopite block mica, by qualities and end-product uses in the United States in 1969 
(Pounds) 


Electronic uses Nonelectronic uses 


Variety, form, and Gage 
quality Capaci- Tubes Other Total glass Other Total Grand 
tors and dia- total 
aaa EUM RENMERRRR ͥ i. S 
Muscovite: 
Block: : 
Good Stained or 
ette 1,092 4,034 2, 898 8,024 4,6600 4, 660 12, 684 
Stained 44,736 499,268 39,944 583, 943 2,698 162 2,860 586, 808 
Lower than 
Stained |... 155,002 249,510 156,616 561,128 13,594 213,790 227,384 788,512 
Total 200,880 752,807 199,458 1,158,095 20,952 218,952 284,904 1,887,999 
Film 
T First TAB 5, 65 2 5,605 ..... 275 275 5, 880 
Second quality — 20,1299 2 — uu — Luxe aiun? 20,149 
Other quality... 4,025 | ..... 3 ..... 4.025. _ uz ` duse o meses 4,025 
Total 77 l  ----- 29,779 —- 275 275 80,054 
Block and film: 
Good Stained or 
better 2. 6,846 4,034 2,898 83,778 4,660 275 4,935 88,718 
Stained 3. 48,761 499,268 39,944 587,968 2,698 162 2,860 690,828 
Lower than 
Stained 155, 002 249,510 156,616 561,128 13,594 213,790 227,384 788,512 
8 280,609 752,807 199,458 1,182,874 20,952 214,227 235,179 1,418,058 
Pop “Block (all 
gust 8 7,090 7,090 72,726 72, 726 79,816 


1 Includes punch mica. 
2 Includes first- and second-quality film. 
3 Includes other-quality film. 
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Table 5.—Fabrication of muscovite ruby and nonruby block and film mica in the 
United States in 1969 by qualities and grades 


(Pounds) 
Grade 
Form, variety, and quality No. 4 
and No. 5 No. 514 No. 6 Other ! Total 
larger 
Block: 
Ruby 
| Good Stained or better 4,870 1,170 679 1,804 . ..... 8,528 
oec 12,188 50,808 54,840 421,478 20, 324 559, 628 
Lower than Stained 36,468 112,512 81,767 248, 481 198, 210 677, 488 
Totalt-iccacsuladlusee we 58,526 164,485 187,286 671,758 218,584 1,245,589 
Nonruby: 
Good Stained or better........ 1,682 291 1,688 550 4,161 
Stained. ...................- 601 7,905 5,709 12,9600 27,175 
Lower than Stained -- 29, 972 13,902 1, 300 5, 200 60, 700 111,074 
T iea 82,255 22,098 8,647 18,710 60,700 142,410 
Film: 
Ru 
irst quality. vi 1,080 750 600 62533 8,055 
Second quality............... 7,682 8,121 5,071 2,650 18, 524 
AM TTT = auken) ë ë gausi 4,025 4,025 
Total ete ee ose ks 8,762 8,871 5,671 8,275 4,025 25,604 
Nonruby: 
First quality M "—— — ————— e 1,575 1.250 2, 825 
Second qualit . 1,6 625 
Other quality ³ðmi.ſ ⁵ ⅛ y PPP!!! ĩ A Geess 
e a sa sss e ates 7 sss š 8,200 1.250 4,450 


1 Figures for block mica include all smaller than No. 6 grade and “punch” mica. 


Muscovite block and film was used by 16 
companies in eight States, North Carolina 
with four consuming plants, and New 
Jersey and New York with three each, con- 
sumed 62 percent of the domestically fab- 
ricated block and film mica. The consump- 
tion of phlogopite block increased 13 
percent to 79,800 pounds. 

Total consumption of mica splittings 
increased 6 percent over that of 1968, 


reversing the downward trend begun in 
1966. India and the Malagasy Republic 
provided most of the splittings consumed. 
Splittings were fabricated into end prod- 
ucts by 13 companies in nine States. Six 
companies, two in New York, two in Penn- 
sylvania, and one each in Massachusetts 
and New Hampshire, consumed slightly 
more than 3.8 million pounds of splittings 
or 76 percent of the total consumption. 


Table 6.—Consumption and stocks of mica splittings in the United States, by sources 
(Thousand pounds and thousand dollars) 


India Malagasy Total 
Quantity Value Quantity Value Quantity Value 
Consumption: 
ö 220 ee 7,948 33,513 312 $188 8,260 $3,701 
1966... z age 6,749 8,005 851 216 7,100 8,221 
LEE 5,857 2,566 831 193 6,188 2,759 
/., ·¹w K 4, 579 1. 874 206 186 4,785 2,010 
/ wr = ees 4,799 2, 005 278 191 5,077 2,196 
Stocks Dec. 81: 
7§·³%ê m 22 ee 8,912 NA 210 NA 4,122 NA 
1966... ³ K 88 8,669 NA 206 NA 8,875 NA 
LEE , 187 NA 159 NA 2,896 NA 
1968... seeds 2,469 NA 149 NA 2,618 NA 
1969- ſ, 8 2,415 NA 145 NA 2,560 NA 


NA Not available. 
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Built-Up Mica.—This material was fabri- 
cated in various forms primarily for use as 
an electrical insulator. Output of built-up 
mica had been declining from 1965-68, 
but in 1969 output was about 2 percent 
greater than the previous year. The form 
in greatest demand was segment plate (32 
percent) followed by tape (28 percent) 
and molding plate (22 percent). 


Table 7.—Built-up mica 1 sold or used 
in the United States, by products 


(Thousand pounds and thousand dollars) 


1968 1969 
Product —————— 
Quan- Value Quan- Value 
tity tity 

Molding pag AOT 929 $2,783 947 $2,706 
5 . 1,292 2,709 1,876 2,453 
Heater plate 84 71 2407 128 
Flexible (cold)...... 347 894 408 856 
Tape. A 1,225 4,270 1,208 4,529 
Other 435 1, 186 (2) 1,084 
Total3 4,264 11,868 4,341 11,701 


1 Consists of alternate layers of binder and irregu- 
larly arranged and partly overlapped splittings. 

3 “Other” combined with Heater Plate for 1969 to 
Me disclosing individual company confidential 


3 Data may not add to totals shown because of 
independent rounding. 
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Table 8.—Ground mica sold by producers 
in the United States, by uses 


1968 1969 
Use Short Value Short Value 
tons  (thou- tons  (thou- 
sands) sands) 
Roofing.......-.- 28,418 3909 41,095 $1,198 
Wallpaper 1,049 90 600 79 
Rubber 6,962 779 7,848 885 
Paint 24,146 2,295 29,081 2,818 
Plastics 903 125 684 188 
Welding rods..... 788 85 W W 
Joint cement 80,958 2,227 80,081 2, 106 
Other uses 11. 18, 225 611 16,017 888 


Total 2... 111,389 7,072 124,856 8, 058 


W Withheld to avoid disclosing individual com- 
pan confidential data, included with “Other uses." 
ncludes mica used for molded electric insulation, 
house insulation, Christmas tree snow, annealing, 
well es other purposes and uses indicated by 
sym 
2 Data may not add to totals shown because of 
independent rounding. 


Reconstituted Mica.— This form of mica 
was fabricated by the General Electric Co. 
at Schenectady, N.Y., the Samica Corp. at 
Rutland, Vt., and the Acim Paper Corp. at 
New Hyde Park, N.Y., from mica scrap 
specially delaminated by  paper-making 
techniques. According to the National 
Electrical Manufacturers Association, net 
domestic sales of mica-paper products rose 
14 percent, from $4.4 million in 1968 to 
$5.0 million in 1969. 


PRICES 


Prices quoted in the. Engineering and 
Mining Journal were unchanged from the 
previous year. North Carolina district, 
clear sheet mica ranged from $.70 to $1.10 
per pound for 11⁄- by 2-inch sheets to $4 
to $8 for 6- by 8-inch sheets. Punch mica, 
the smallest size, ranged from 7 to 12 
cents. Stained or electric mica was quoted 
10 to 20 percent lower than the clear sheet 
mica. Scrap and flake mica was quoted at 
$30 to $40 per ton. First-quality sheet mica 
from the Malagasy Republic ranged from 
50 cents per pound below one-square inch 
to $3.25 per pound for that averaging 10 
to 14 square inches. 

Yearend prices quoted in the Oil, Paint 
and Drug Reporter are shown in table 9. 
Dry-ground mica prices were the same as 
the previous year; yearend prices for all 
categories of wet-ground mica were 14 cent 
per pound (6 to 7 percent) higher than 
the previous year. 


Table 9.—Price of dry- or wet-ground 
mica in the United States in 1969 1 


Cents 
per 
pound 
Dry-ground: 
Paint, 100 mess 834 
Plastic, 100 mesh. .................... 834 
Roofing, 20 to 80 mesh. ............... 2-8 
Wet-ground: ? 
Bier 8 TK 
Biotite, less than carlots 33332 .. 816 
Paint or lacquer, 325 mesh 814 
Paint or lacquer, 325 mesh, less than car- 
lots k uu SORORE hoe las 934 
Rübhër ß zs luu 814 
Rubber, less than carlots 333 914 
Wallpaper._____. e eet 914 
1 In bags at works, carlots, unless otherwise noted. 


? Freight allowed east of the Mississippi River, 34 
cent higher west of the Mississippi River, 1 cent 
higher west of the Rockies. 

3 Ex-warehouse or freight allowed east of the 
Mississippi River. 


Source: Oil, Paint and Drug Reporter. V. 196, 
No. 26, Dec. 29, 1969. 
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FOREIGN TRADE 


Total exports of all classes of mica in value for the same period. Canada 
declined 55 percent from the unusual high received the largest share of the total 
of 27.5 million pounds in 1968 to 12.4 mil- exports, 37 percent, followed by Jamaica 
lion pounds in 1969, but rose 12 percent with 22 percent. 


Table 10.—U.S. exports of mica and manufactures of mica, 1969 by countries 


Mica, including sheet, 


1 waste and serap Manufactured 
Destination and ground 
Pounds Value Pounds Value 
(thousands) e 
M yy e 40,000 $3 152 (1) 

Argentina 28, 600 8 11,291 $31 
Australie). oc ß 59, 106 7 ; 16 
Deu um semoni. 5 125, 765 9 767 3 
6m! u Su ae 211,050 19 4,886 13 
e . L aso 4,864,052 281 250,685 739 

TEE 50,000 4 i 
See;; aee eneu Gunan 50,821 4 1,408 7 
/// ⁰ AA suse os 106, 000 9 2 
e ß gl s 796, 865 39 11.292 27 
Germany, West 401, 057 103 ; 14 
i AE T E 64,257 5 4 
Italy —W— 385,269 87,872 290 
Jamaica) 2, 770, 655 387 6,189 55 
Dll ⁵ðâĩd E EE 455,868 4,480 11 
Meile cm eene eme 88,981 11 186,695 808 
. ENEE 895 ' s ; 18 
r -MMMM ; UN 
qo MOREM ese MOM 137,500 8 2,040 7 
Philippines 78,980 11 2 
Singapore 45, 000 1 n 
South Africa, Republic o 126,265 4 9,921 17 
TD ee 15,000 1 9,884 27 
Seeden 2an 2,079 6 81,621 47 
Switzerland......................- 59,629 81 1,407 4 
KT, EE 153,541 11 5,057 52 
Trinidad and Tobago 79,882 7 "M HR 
United Kingdom 107,081 152 21,888 55 
Venezuela... 474,994 80 8,555 7 
Other countries 157,457 16 | 26,024 69 
M soi secures eee des eed 11,810,008 1,274 688 , 830 1,834 


1 Less than 14 unit. 


Table 11.—U.S. exports and imports of mica 
(Thousand pounds and thousand dollars) 


Exports Imports for consumption 


Year | All classes Uncut sheet Scrap Manufactured 
and punch 


Quantity Value Quantity Value Quantity Value Quantity Value 


19868 s 14,829 $2,534 1,788 * $1,989 1,016 r $24 5, 440 $8,378 


1988. 27,489 2, 766 1,491 1,539 r 3,157 77 5,298 8,878 
1969... — 12,449 8,108 1,601 1,695 8,078 74 5,520 8,060 
r Revised. 


Imports of uncut sheet and punch mica and value. Imports of manufactured mica 
in 1969 increased 7 percent in quantity increased in quantity but declined in 
and 10 percent in value over 1968. Scrap value. 
mica imports declined in both quantity 
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Table 12.—U.S. imports for consumption of mica by kinds and countries 


Unmanufactured ! 


Waste and scrap Other 
Year and — —— —— Block mica ——— ⅛ͤ 
country Phlogopite Other Muscovite Other, n. e. e. 
Value Value Value Value Value 
Pounds (thou- Pounds (thou- Pounds (thou- Pounds (thou- Pounds (thou- 
sands) sands) sands) sands) sands) 
J9672 en nen 119 ,920 $2 896,177 $22 1,141,088 $1,320 312,022 3364 280,321 8305 
1968________. 93,069 5 78,064,096 72 1,128,661 1,041 186,426 298 175,526 200 
1969: 
Brazil... PNE 8 51,066 2 893, 043 902 116,812 168 129,990 
Canada PS "n hans | abe 8 S St NM 200 (2) 
Ceylon....... ic PE 200,019 8 E ates e NM 77 
India xn -.. 2,200,628 50 347,176 279 1,539 59 11,725 44 
Jamaica...... SES ese RE ERE 745 7 de Senger 550 8 
Japan........ nic Monet o eie = 2 SE "e 190 7 De ME: 
Malagasy 

Republic... 99,207 5 TANE ER 5,162 8 T -.. 46,744 56 
Mexico ucc GE 64,935 1 oe ot M SN 3 us 
Nepal.......- = NN "D PNO P 633 13 35 4 
South Africa, 

Republic of. 36, ee 5 426 , 000 8 8,000 2 2,418 (2) 24,558 18 
Tanzania M m Ee EM 3,594 3 11,687 43 731 10 
United 

Kingdom DES Sia Sei, T 872 8 e NS 531 19 

Total. 135,207 10 2,942,643 64 1,253,092 1,204 188,274 285 215,141 206 

Manufactured 
Not cut or stamped Cut or stamped 
Splittings not over 0.006 inen !hã„l.ĩßxvʒ;m K — < 
in thickness Not over 0.006 inch Over 0.006 inch 
in thickness in thickness 
Value Value Value Value 
Pounds (thou- Pounds (thou- Pounds (thou- Pounds (thou- . 
sands) sands) sands) sands) 
1961. enka 8 4,884,508 $1,700 111,856 $300 66,498 $1,049 92,755 $167 
19688 4, 808, 447 1,839 97,997 233 98,594 1,444 120,339 191 
1969: 
Austria....... dust cs — 198 Ge 
Brazil........ MS d ass 9,4583 26 1,284 11 7,791 25 
Canada 6,250 um PON s o nur 
Czechoslovakia ER SE 600 Gen ES eee Ve 
Germany, 

West E E UN TE 29 1 EM E 
India........ 4,840,523 1,008 68,014 68 76,891 1,121 64,801 88 
Jamaica...... icu EN 2,761 14 M «n T M 
Japan.......- mie mtm unus — 826 MON GER 

OR. . ER SEN iE m 596 4 nt Mo 
Leeward and 

Windward 

Islands E ouu 778 5 836 1 end Sash 
Malagasy 

Republic... 195,332 102 154 1 3, 857 16 ES Es 
Mexico EE m 174 1 5,716 168 252 1 
Nepal........ — E 2,000 14 246 2 de it 
Netherlands > TM un MA EAR 30 1 153 4 

akistan..... ia TEE 200 Ge Sta DER T 
South Africa, 

Republic of. 51, 587 26 Sak T NUS ER 85,860 40 
Southern 

Africa, n.e.c ER Eis T oe 117 1 etre LENS 
Tanzania..... Men PTS 805 1 EA NS uis oc 
United 


Kingdom. 300 1 Bi Sc? 1,358 84 886 7 
Total 5,093,992 1,139 84,939 136 90,984 1,872 109,748 165 
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Table 12.—U.S. imports for consumption of mica by kinds and countries—Continued 


Mica plates and built-up 


Year and mica 
country 
Value 
Pounds (thou- 
sands) 
IGG Too sco ccc 42,172 $57 
1968............- 45,860 Vu 
1969 | 
Belgium- 

Luxembourg 23,810 83 
Brazil. m 8 
Canada 2, 650 10 
France TN DEE 
Germany, 

West....... 89,643 47 
India 300 1 
Japan........ 4,654 5 
Netherlands ES T 
Taiwan...... zt ind 
United 

Kingdom. 400 1 

Total.....- 71,457 97 ° 

r Revised. 


Manufactured 
Ground or pulverized Articles not especially 
provided for of mica 
Value Value 
Pounds (thou- Pounds (thou- 
sands) . sands) 
226,501 $21 15,185 $79 
113,616 13 8,089 76 
Ge zc 5,914 6 
de Ei 88 2 
44,092 5 80 1 
UNS Er 857 2 
11,023 (2) 4,889 92 
DS " > 255 10 
"— e 428 10 
ER cue 1,942 28 
55,115 5 18,898 146 


1 In addition to classes shown for 1968, of untrimmed phlogopite from which no piece over 2 by 1 inch may 
be cut was 762,200 pounds (rs 700) from Brazil and Other waste and scrap from Mexico, 760,000 pounds. 


? Less than 1⁄4 unit. 


WORLD REVIEW 


Afghanistan.—The Ministry of Mines 
and Industries has investigated two mica 
occurrences south of Kabul in Logar Prov- 
ince that it hopes may be developed for 
both domestic consumption and export 
within the next few years. Selected samples 
were reported to vary from a clear, nearly 
flat muscovite of excellent quality to a mar- 
ginal brown-stained muscovite-phlogopite.2 

India.—Crude mica production increased 
5 percent from 23,339 tons (revised) in 
1967 to 24,440 tons in 1968. Value, how- 
ever, declined from $19.9 million (revised) 
to $18.9 million during the same period. 
Total exports declined from 46.9 million 
pounds in 1967 to 46.7 million pounds in 


1968 although all mica categories increased 
over 1967, except scrap or waste and film, 
which declined. The U.S.S.R. and other 
Eastern European countries received 14 per- 
cent of the total mica exports in 1968. 
Effective July 1968, the ad valorem duty of 
40 percent on mica exports was reduced to 
20 percent for processed mica powder. The 
same action applied to loose splittings 
(grades 514 and 6) effective March 1, 
1969.3 


2 Bureau of Mines. Mineral Trade Notes. V. 66, 
No. 6, June 1969, p. 19. 

3 Bureau of Mines. Mineral Trade Notes. V. 66, 
No. 10, October 1969, pp. 26-32. 


704 


MINERALS YEARBOOK, 1969 


Table 13.—World production of mica by countries 
(Thousand pounds) 


Country 1 
North America: 


Ke tates (sold or used by producers): 
t 


South America: 
Argentina: 


C/ ⁰ð·ð—ww*mq ͥd kme eee 
Waste, scrap, ettee .....- 
fFlCĩ¹·¹ A.. E EE. 


Europe: 


Ke ttt 
Norway, including scrap 2. __ _ ----------------- 
F ua suu 2 ³˙ A AAA E 
ét AT i.. we o cECESS 


Africa: 
Republic (phlogopite): 


South Africa, Republic of: 


Sei ee ou ee oe 
SOAD con i ee ae eee ees Se 


Total EEN 
NA Not available. 


e Estimate. P Preliminary. r Revised. 
individual company confidential data. 


S 
PJ. E 
d EEN 


y 
LO EE 
Siet; inmin 
SS.... 8 
Mozambique, including scrap.. ---------------- 


1967 1968 1969 » 
" 1,949 1,625 1,426 
20 15 w 
-.. 237,006 250,646 266,115 
Bi 800 207 
E 2,211 1.316 * 1,600 
i. 2:295 3.671 e 8,000 
N 57 87 
We 631 ° 551 e 500 
I 9,885 10,613 8,993 
ee 8,653 4,665 e 4,409 
uie 260 815 e 300 
SE 119 172 137 
He 1,063 1,598 2 218 
EN 452 227 251 
m 220 741 741 
Se 9 20 220 
SS 10,181 17,456 18,997 
Bä r 170 159 214 
ex 278 527 254 
- 8,543 8,816 8,944 
E 12,388 13, 790 14,976 
Sep 30,748 31,275 40,726 
— r917,381 348 , 468 363,358 


W Withheld to avoid disclosing 


! Mica is also produced in China (mainland), Rumania, Southern Rhodesia, South-West Africa, Sweden, 
and the U.S.S.R., but data on production are not available. 


? Exports. 

3 Includes condenser film as follows: 
pounds. 

4 Totals are of listed figures only. 


1967, 203,000 pounds; 


1968, 189,000 pounds; and 1969, 287,000 


TECHNOLOGY 


Mica research continued at the Bureau 
of Mines Tuscaloosa Metallurgy Research 
Laboratory. A paper describing mica 
research at the laboratory over the past 5 
years was presented at the annual meeting 
of the American Institute of Mining, 
Metallurgical, and Petroleum Engineers 
(AIME) in Washington, D.C. in February 
1969.4 

A report was published describing 
Bureau of Mines laboratory and continu- 
ous pilot plant flotation tests which dem- 
onstrated the feasibility of recovering high- 
grade mica concentrates from Alabama 
graphitic-mica schists. Results were also 
published on tests conducted by the 
Bureau which demonstrated the feasibility 
of recovering a salable mica product, 
removing heavy minerals, and recovering a 
high-grade potash feldspar product and a 


high-quality glass sand from a mica waste 
tailing.6 

A froth flotation process useful for bene- 
ficiation of phosphate rock, mica, and feld- 
spar was developed whereby the silica is 
practically completely removed in the 
froth. 7 

A composition was developed for form- 
ing water- resistant, incombustible insula- 
tion on air conditioning ducts, vessels, etc., 
which consists of micronized mica, chryso- 


* Browning, James S. Mica Process Development. 
Society of Mining Engineers of AIME. Preprint 
No. 69—H-34, 1969, 15 pp. 

5 Adair, Ralph B. and James S. Browning. Flota- 
tion of Muscovite from Alabama Graphitic-Mita 
Schist Ore. BuMines Rept. of Inv. 7263, June 
1969, 7 pp. 

ê Eddy, W. H., James S. Browning, and James 
E. Hardemon. Selective Flotation of Minerals From 
North Carolina Mica Tailing. BuMines Rept. of 
Inv. 7319, November 1969, 10 pp. 

7 Dickson, W. J. and F. W. Jenkins (assigned 
to Petrolite Corp., Wilmington, Del.). Flotation 
Process. U.S. Pat. 3,425,549, Feb. 4, 1969. 
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tile asbestos, a silicate binder, silica, and 
suspending and chelating agents.8 

The Wet Ground Mica Association 
announced publication of a new paint for- 
mulary listing 90 paint formulas using 
wet-ground mica. 

Something new in shaving was developed 
in a molded or stick form preshaving cos- 
metic composition comprised of 30 to 80 
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parts by weight of micronized mica, 10 to 
55 parts of talc, and 10 to 25 parts of fillers 
and excipients.9 


s Rolland, G. F. and J. 
Benjamin Foster Co., Phi 
Composition and Process. Pat. 3,442,671, 


9 Rieger, M. Cosmetic Stick Composition. 
U.S. Pat. 3,429,964, Feb. 25, 1969. 


Seipel (assigned to 
elphia, Pa.). Coating 


Digitized by Gooqle 


Molybdenum 


By John L. Morning 


Record production and exports marked 
the year as domestic production reached 
nearly 100 million pounds, Canadian out- 
put rose to 30 million pounds, and domes- 
tic exports were at an alltime high. New 


capacity scheduled for operation in 1970, 
both in the United States and Canada, 
should continue the adequate supply and 
allow for the continued growth of the in- 
dustry. 


Table 1.—Salient molybdenum statistics 
(Thousand pounds of contained molybdenum and thousand dollars) 


1965 1966 1967 1968 1969 
United States: 

Concentrate | 
Production 77,872 90, 532 90,097 r 93,447 99,807 
Shipments. .................. 71,91 91,67 81,59 98,245 08,009 

Vase $120,801 $144,327 3133, 604 3151, 000 $173,819 
Consumption... ............. 68,112 75,4 58,96 76,6 73, 
Imports for consumption. __ _ _ _ 1,179 (1) 
Stoen, Dec. 81: Mine and 

plant oc. coo SSS u esee er 4,208 8,488 9,919 12,208 8,898 
Primary products: 
Production 66,616 74,392 54, 922 69,675 68 , 526 
Shipments. -- 71,718 78,811 57,281 „761 77, 726 
Consumption 48, 621 52,324 49, 506 49,271 51,622 
Stocks, Dec. 31: Producers ,889 5,945 7,156 18,170 17,844 
Free world: Production 98,531 124, ,988 126,278 125, 735 142, 802 


r Revised. 
1 Less than 1 unit. 


Legislation and Government Programs. 
—On July 30 the Office of Emergency Pre- 
paredness established a revised convention- 
al-war stockpile objective for molybdenum 
in concentrate at 36.5 million pounds. The 
accompanying table indicates the new sub- 
objectives and quantities of molybdenum 
in Government inventory at yearend. 

During the year, the General Services 
Administration sold 12.5 million pounds of 
molybdenum of which 12.3 million pounds 
was purchased on long-term delivery con- 
tracts. Actual deliveries for the year totaled 
2.8 million pounds of molybdenum. At 
yearend nearly 2.9 million pounds was 
available for sale on a shelf-item basis to 
domestic producers, processors, and con: 
sumers only. 

The Tax Reform Act of 1969, signed by 
the President on December 30, 1969, au- 


thorized changes in certain mineral and 
metal percentage depletion rates effective 
with taxable years beginning after October 
9, 1969. For molybdenum, the new rates 
were 22 percent for domestic and 14 per- 
cent for foreign. 


1 Physical scientist, Division of Ferrous Metals. 


Table 2.—Molybdenum material in 
Government inventories on 
December 31, 1969 


(Thousand pounds molybdenum) 


Stockpile National 
Type material objective (stra ic) 
stockp 
Concentrate 17,115 32, 794 
Ferromolybdenum. . 7,500 7,501 
Molybdic oxide 10,600 11,584 
Total. 35,215 51, 879 
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DOMESTIC PRODUCTION 


The molybdenum industry operated at 
near capacity throughout the year as pro- 
duction nearly topped 100 million pounds. 
Of the total output, about 71 percent was 
produced from primary mines, and the 
balance was recovered as a byproduct or 
coproduct from copper, tungsten, and ura- 
nium operations. 

According to the American Metal Cli- 
max, Inc. (AMAX) annual report, produc- 
tion of molybdenum at company mines 
totaled about 60 million pounds, which 
was the same quantity produced in 1968. 
Planning for future production, the 
AMAX subsidiary, Climax Molybdenum 
Co. completed excavation and concreting 
of an underground crusher facility on the 
600 level of its Climax mine. Ore produc- 
tion is expected to begin in 1972 and will 
be coordinated with the phasing out of 
production from the Phillipson level. De- 
velopment work progressed according to 
plan at its new Henderson mine where 
mine site preparation and the No. 1 shaft 
were virtually completed in 1969. Plans 
call for initial production in 1975. 

AMAX received two awards for its envi- 
ronmental activities in the mining indus- 
try. The first was presented by Sports 
Foundation Inc. for environmental control 
programs at the Urad molybdenum mine; 
the second was awarded by Business Week 
for the preservation of our natural environ- 
ment. The Business Week award recog- 
nized environmental control activities in 
the development of the Urad mine and 
the related Henderson project, which is 
under development. 

A record output, according to the com- 
panys annual report, of 10.9 million 
pounds of molybdenum by Molybdenum 
Corporation of America (Molycorp) was 
achieved as new production facilities were 
placed in operation in November. Capacity 
is now considered as 14 million pounds an- 
nually as the milling rate reached 16,500 
tons per day at yearend. Proven and prob- 
able ore reserves were increased from 276 
million pounds to 338 million pounds of 
molybdenum within the main orebody. 

Operating at full capacity, Kennecott 
Copper Corp. announced in its annual re- 
port production of 15.9 million pounds of 
molybdenum domestically and a total of 


25 million pounds worldwide during the 
year. 


Duval Corp. reported sales of 5.7 million 
pounds of molybdenum (Penzoil United 
Inc. Annual Report). Duval operates two 
properties in Arizona, Esperanza at Sauhar- 
ita and Ithica Peak at Mineral Park, near 
Kingman. Ore reserve in 1968 at Esperanza 
was reported to total 41 million tons grad- 
ing 0.45 percent copper and 0.032 percent 
molybdenum, whereas ore reserve at Ithica 
Peak was 54.5 million tons grading 0.49 
percent copper and 0.044 percent molybde- 
num. Duval's subsidiary, Duval Sierrita 
Corp., continued to develop an ore deposit 
adjacent to the Esperanza mine. Startup of 
the new facility has been deferred until 
mid-1970. 


The Mission and Silver Bell mines of 
American Smelting and Refining Company 
(ASARCO), according to its annual re- 
port, operated at capacity in producing 
nearly 1.2 million pounds of byproduct 
molybdenum. ASARCO also announced 
that two years of exploration development 
partially delineated a molybdenum deposit 
in the White Cloud area of Idaho. The 
mining industry's awareness of our envi- 
ronment was indicated as the firm contin- 
ued to work with governmental agencies 
and other groups in developing plans 
which would impose the least practical im- 
pact of mine development on the natural 
characteristics and ecology of the area. 
During 1969, progress was made in study- 
ing the ecology of the area for access, 
plant site, and waste disposal. 

Operating at a record level, the Pima 
Mining Co., produced 1.7 million pounds 
of molybdenum during the year (Cypress 
Mines Corp. Annual Report). Considera- 
tion at yearend was being given to expan- 
sion of the 39,000-ton-per-day facility to 
53,000 tons per day. Completion of the 
proposed expansion would require 1 year. 

Bagdad Copper Corp. molybdenum ship- 
ments decreased to 408,000 pounds com- 
pared to 599,000 pounds in 1968. The re- 
duction was caused by less molybdenum in 
the ore and decreased mill recovery, 
according to Bagdad's Annual Report. 

By yearend, The Anaconda Company's 
Twin Butts molybdenum plant was sub- 
stantially complete. When placed in opera- 
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tion, a production rate of 1.4 million 
pounds of molybdenum annually was fore- 
cast. Anaconda continued to conduct de- 
velopment work at the Hall molybdenum 
property in Nevada and a copper-molybde- 
num property at Heddleston, Mont. 

Cities Service Co. (Tennessee Corp.) 
planned to conduct a feasibility study for 
open pit mining and surface facilities to 
process 40,000 tons of tholybdenum con- 
taining copper ore daily at its Pinto Val- 
ley, Ariz. deposit. The estimated ore re- 
serve of 350 million tons was reported to 
contain 0.45 percent copper and some mo- 
lybdenum. 
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The Phelps Dodge Corp. placed in oper- 
ation a new facility at Tyrone, N. Mex. 
for copper recovery. Full operation was 
achieved by October. Incorporated in the 
design of the 25,000-ton-per-day mill was 
sufficient space to allow for a 50-percent 
increase in capacity. Future plans call for 
recovery of molybdenum. 

Other copper ventures now under devel- 
opment that may have potential molybde- 
num values are those of Ranchers Explora- 
tion & Development Corp. at Winnemucca, 
Nev., and Earth Resources Co, near Cuba, 
N. Mex. 


Table 3.—Production, shipments, and stocks of molybdenum products 
in the United States 


(Thousand pounds of contained molybdenum) 


1968 1969 1968 1969 1968 1969 
Molybdic oxide ! Metal powder Ammonium 
molybdate 
Received from other producers 4,497 6,021 6 250 184 570 
Gross production during ear 68,793 68,655 2,615 8,248 1,885 2,898 
Used to make other products listed here.. 17,289 17,140 62 929 1,279 1,278 
Net production....................... 51,504 51,515 1,990 2,814 556 1,120 
Shipment 47,972 58,042 1,897 2,642 780 1,674 
Producer stocks, Dec. 3B1Mw!UM!hM.)]U VU )J)j -- 11,885 12, 547 509 210 227 
Sodium molybdate Other 3 Total 3 

Received from other producers 62 146 221 4,954 7,146 
Gross production during year 989 617 14,702 18,161 ,994 ,068 
Used to make other products listed here 25 14 188 19, 259 e 
Net produetion....................... 965 608 14,660 12,978 69, 675 68, 525 
Shipment 864 837 12, 298 , 581 76 7, 726 
Producer stocks, Dec. 31 . ....----.---- 261 162 5, 805 4,481 18, 170 17,844 


1 Includes molybdic oxide, briquets, molybdic acid, and molybdenum trioxide. 
2 Includes 5 calcium molybdate, phosphomolybdie acid, molybdenum disulfide, pellets, 


molybdenum pentach 


oride, and molybdenum hexacarbo 


n 


l. 
3 Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


Domestic consumption of molybdenum 
in concentrate decreased 3 percent com- 
pared with consumption in 1968 despite 
the record mine production. Exports of 
concentrate accounted for the decreased 
consumption. Except for quantities used as 
lubricant-grade molybdenum disulfide and 
other direct uses, molybdenum concentrate 
was converted to molybdic oxide, the raw 
material used in production of virtually all 
other molybdenum primary products. Some 
molybdic oxide was exported. Consumption 
of molybdenum by end uses reached 51.6 
million pounds as steel producers had a 
banner year. Nearly 67 percent was used as 


the oxide, 22 percent as ferromolybdenum, 
and the balance was used as other primary 
products or directly as the sulfide. Alloy 
steels accounted for 41 percent of the an- 
nual usage, and the iron and steel industry 
accounted for about 80 percent of total re- 
ported consumption. 

Molybdenum was used in a wide variety 
of products in addition to those quantities 
used in the iron and steel industry. Sub- 
stantial quantities of molybdenum were 
used in the preparation of pigments and 
catalysts, in lubricants as the disulfide, and 
for the manufacture of pure-metal mill 
products. 
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Table 4.—Consumption of molybdenum materials by end uses in 1969 
(Thousand pounds contained molybdenum) 
: Molybdic Ferro- Ammonium Other molyb- 
End uses oxides molyb- and sodium denum Total 3 
denum 1 molybdate materials 2 
Steel: 
Sor ³ AA EE 8,068 468 — W 8,536 
Stainless and heat-resisting. . ...... 4,259 1,888 — 117 6,259 
Alloy (excludes stainless and heat- 

resisting) ......-..------------- 18, 768 2,809 — 28 21,105 

rr E 2,045 1. 204 — 237 3,486 
Cast iron s 1,050 8,140 — 84 4,274 
Superalloyg.__.... . . . 388 597 — 1,581 2,516 
Alloys (excludes alloy steels and super- 

alloys): 
euran and wear-resistant ma- 

erc To c m W W — 8 8 

Welding and alloy hard-facing rods 

and materials — 888 — 29 412 
Magnetic alloys. MENSAE (4) W — W W 
Other alloys §__ .......-.-.-.....- W 87 — 109 196 

Mill products Dade from metal powder. . 412 W — 1,899 1.311 
Chemical and ceramic uses: 

Iementa ll lll..l. 791 — 871 W 1,102 
Catalyst 1,514 (4) W — 1,514 
Me eege 8 w W 785 820 

Miscellaneous and unspecified_---....-- 2,128 1,065 418 478 4,089 

Total! EEN 84,349 11,135 789 5,848 51,622 

Consumer stocks Dec. 31 ....-.------- 2,966 1,591 246 671 5,474 


W Withheld to avoid disclosing individual company confidential data; included in “Miscellaneous and un- 


specified.” 
1 Includes calcium molybdate. 


3 Includes purified molybdenum disulfide, molybdenite concentrate added directly to steel, molybdenum 
metal powder, molybdenum metal pellets, and other molybdenum materials. 
3 Data may not add to totals shown because of independent rounding. 


4 Less than 14 unit. 
s Includes nonferrous alloys. 


STOCKS 


Despite a record production year and 
Government stock pile sales of nearly 3 
million pounds, the industrial inventory of 
molybdenum decreased 16 percent owing 
to an extraordinarily high level of exports. 


Most of the decrease in stocks occurred in 


producer inventories of concentrate; how- 


ever, consumer stocks decreased substan- 
tially owing to the plentiful supply. 


PRICES 


Early in May producers raised: the price 
of most molybdenum products 10 cents per 
pound of contained molybdenum. The 
price advance was the first since January 
1967 and came despite an apparent over- 
supply situation as reflected by the large 
industrial stocks, Justification for the price 
advance was related to increased costs of 
labor, capital goods, and materials. The 
old and new prices per pound of con- 
tained molybdenum are as follows: 

Jan. 11, May 5, 
1967 1970 
Molybdenum concentrate f. o. b. 


Climax, Coloo $1.62 $1.72 
Bagged molybdic oxide 4. 1.82 1.92 
Technical molybdic oxide 1.82 1.92 
Molybdic oxide briquettes 1... _ _ ` 1: 1 2:07 


Ferromolybdenum 1............- 
1 Molybdenum products, f.o.b. Langeloth, Pa. 


In addition, pure molybdic oxide was in- 
creased from $1.40 to $1.47 per pound of 


product. Following the increase in prices 
of raw materials, molybdenum wire, rod, 
and sheet producers increased the price of 
molybdenum mill products. 

Prices published by Metals Week for ex- 
port of molybdenum products ranged from 
premiums to discounts. Prices at U.S. ship- 
ping ports were as follows: 


January December 
1969 1 
Dealer concentrate. $1.55-1.65 $1.72-1.75 
Dealer molybdic 
oxide 1.75-1.85 1.92-1.95 
Dealer ferromolybde- 
UH eg ebe 2.05-2.15 2.18-2.21 


Table 5.—Molybdenum reported by 
producers as shipments for exports 
from the United States 


(Thousand pounds contained molybdenum) 


Product 1968 1969 
Molybdenite concentrate 19,790 29,528 
Molybdic oxide 8,683 18,295 


All other primary products... — 1,617 1,484 
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FOREIGN TRADE 


Exports.—Owing to the large available 
domestic supply and to accelerated world 
wide demand, exports of-molypdenum con- 
centrate, including roasted concentrate, 
jumped to an unprecedented 57.5 million 
pounds of contained molybdenum. Exports 
of ferromolybdenum were also strong and 
returned to about the same level as that of 
1967. Exports of molybdenum metal pow- 
der increased substantially compared to 
those of 1968. However, most of the total 
was shipped to Canada and the low value 
of these shipments ($0.60 per pound) in- 
dicates that the material was not pure 
metal powder. The material was either of 
lower grade or misclassified. 


Imports.—Owing to relatively high tariff 
rates, imports of molybdenum are gener- 
ally small. In 1969 imports of molybdenum 
ore and concentrate totaled 161 pounds 
valued at $265. Molybdenum oxide im- 
ported from Chile totaled 848 pounds of 
molybdenum valued at $1,318. Molybde- 
num content of waste and scrap imported 
from four countries totaled 78,471 pounds 
valued at $101,337; Canada and West Ger- 
many were the principal suppliers. Imports 
of unwrought molybdenum totaled 1,209 
pounds of contained molybdenum valued 
at $7,421. Six countries supplied wrought 
molybdenum products totaling 23,557 
pounds, gross weight, valued at $220,771. 


Table 6.—U.S. exports of molybdenum ore and concentrates (including 
roasted concentrates), by countries 


(Thousand pounds and thousand dollars) 


1968 1969 
. Destination — 
Molybdenum Value Molybdenum Value 
(content) (content) 
AT auae eec Eee e ARR CRETES 147 $268 896 $677 
AUSLTIÉS La S sco ce AAA cus 27 50 794 1,845 
Belgium-Luxembourg. ...............- 2, 880 4,007 1,879 2,465 
WEE 111 111 64 112 
e TT MEM p l Ol uuu Ls: 1,894 1,497 464 768 
Czechoslovakia 158 282 680 1,088 
f dnne pa unua 1,117 1,840 2,170 3,687 
Germany: 
ß ddera: ë ë E MN 628 1,285 
West 1,989 8,068 7,846 11,962 
INOS T — ———— AA pcas 57 106 88 48 
i eme uU CELL LE 2 4 1,487 2,508 
CN TEEN 5,088 9,100 11,446 20,002 
MexiCO. Lunes ee 192 878 207 870 
Netherlands. .......................- 14,652 24,671 24,684 48,087 
New Zealand. ......................- 2 b 5 10 
Philippines 41 79 22 86 
South Africa, Republic of 62 116 86 141 
lp /// — 88 1 ' ————— ess 
S TEEN 788 1,172 1,950 8,079 
United Kingdom. ...................- 719 1,158 8,654 6,157 
Venezuela. .....-.-.........----.--.- 119 190 157 290 
e EE RUNI MEE REEL 15 82 27 48 
M ³˙A AA 29, 006 


48, 070 57, 584 99,055 
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Table 7.—U.S. exports of molybdenum products 
(Thousand pounds, gross weight, and thousand dollars) 


1968 1969 
Product and country 
| Quantity Value Quantity Value 
re 1 š e m sus 
Rent .. ....... .......-.-.-- 
Aüustrglig.. oru cuu luu uuu uuu uns 11 21 144 204 
BEE 108 145 55 T8 
Canada. ²˙ ⅛²m—ꝛ˙ ßdq ⁵ ᷣę!IT——2 ... decus 285 367 488 1,036 
WinlanG WE EEGENEN 51 71 
TTT 120 189 51 67 
lee Eege, ĩð K ^ Suse 44 66 
MexiCO.. c occus sacrae D Eua ed Heina e 128 46 62 
EOD ADOR €—— ——— Hn 8 120 109: — l. 3 .uumzex 1 ER 
JJ%%%§ĩÜê¹[tͤ/ : sss 8 bee 110 185 
South "Africa, Republic of 55 73 57 76 
%%% seca jo secs 239 882 
TAIWADn o cose Res aseRe Ou see 7 11 86 49 
Vugosla via 45 63 100 151 
GM ee Daya i ada 19 80 7 11 
DECT. 868 1,194 1,455 2,881 
Metal and S alloye in crude form and scrap: 

E at cree at cts at 8 8 12 8 12 
Germany. M 9 16 11 42 
Ally m I (— ss 145 156 1 1 

EE cause. Jis 8 11 

United Kingdom... ................... 128 16 2 2 
AM cscs douvecu mda socer ls 8 17 1 2 
Nd DEE 298 217 21 70 

Wire: 

i duk anaana aS 5 65 10 127 
e 9 200 15 348 
P /§öêéê:Cſé ð v EE 1 14 4 49 
Japan.. m MR (3) 12 9 74 

EEN 8 56 8 72 
Netherlands tua Sma Sc E eem 4 69 11 202 
EE A 135 9 222 

Total c P 26 551 61 1,088 
Powder: 
Eeer 9 29 760 829 
yo MC —————— M € 5 6 44 
/ T ema Rx E AA 10 14 (2) 1 
Netherlands... ; 3 J ss 
Swedel. oon ⁰ mum OSEE 8 24 90 19 78 
0,4, 7.) EET PS 7 26 7 22 
NEEN EN 58 170 782 469 
Semifabricated forms, n.e.c.: 
jq je. 7 REED R (2) 4 11 14 
Canada. . E 5 55 26 92 

Hone row arro OR uu s 8 28 8 29 
Germany, Wes 8 80 8 21 
Indi. ¿uo Z uo Syuzi eere 1 8 8 28 
Italy joc ul Susu ass 2 14 1 17 
AASE O a cM 8 84 181 123 235 
LE EE 8 19 7 48 
Netherlands 3 39 83 108 
South Africa, Republic of.............. 5 81 7 89 
United Kingdom....................- 2 23 2 28 
%%% ... hEN Ka 7 65 10 88 

TO a aE 118 487 229 682 
1 sisi rede eea contains about 60 to 65 percent molybdenum. 
? Less than 14 unit. 
Molybdenum chemicals and related the chief mineral value containing 10,630 
products imported included ammonium pounds molybdenum valued at $52,694; so- 


molybdate containing 11,224 pounds of 
molybdenum valued at $28,489; molybde- 
num compounds containing 347 pounds 
molybdenum valued at $1,672; mixtures of 
inorganic compounds with molybdenum as 


dium molybdate containing 1,102 pounds 
molybdenum valued at $400; and molybde- 
num orange totaling 128,984 pounds, gross 
weight, valued at $44,315. 


MOLYBDENUM 


No import transactions were reported for 
calcium molybdate, potassium molybdate, 
or ferromolybdenum. At yearend, the third 


718 


stage of tariff reductions became effective 
under the 1967 “Kennedy round” of Tariff 
Negotiations. 


Table 8.—U.S. import duties 


Item Articles Rate of duty, Jan. 1, 1970! 

601.88 Molybdenum ore 16.5 cents per pound on molybdenum content. 

608.40 Material in chief value molybdenum.......... 14 cents per pound on molybdenum content plus 
4 percent ad valorem. 

607.40 Ferromolybdenum.........................- Do. 

Molybdenum: 

628.70 Waste and scrap. zzz 14.5 percent ad valorem. 

628.72 Unw rough 14 cents per pound on molybdenum eontent plus 
4 percent ad valorem. 

628.74 Eeer ee 17.5 percent ad valorem. 

M 6 Ze chemicals: 

417.28 Ammonium molybdate. ................. 14 cents per pound on molybdenum content plus 
4 percent ad valorem. 

418.26 Calcium molybdate....................- Do. 

419.60 Molybdenum com dunes ee Do. 

420.22 Potassium molybdate. -.. Do. 

421.10 Sodium molybd at Do. 

428. Mixtures o E compounds, chief 

value molybdenum. .................- 
473. 18 Molybdenum orange 7 percent ad valorem 
1 Not applicable to Communist countries. 
WORLD REVIEW 


Argentina.—The Government of Argen- 
tina announced a call for tenders for the 
exploration of a large area of western Ar- 
gentina believed to contain deposits of 
copper and molybdenum. United Nations 
survey teams in cooperation with the Ar- 
gentine Government conducted a 2-year 
study that indicated a highly mineralized 
area similar in geology to that of the Chi- 
lean copper deposits. Successful bidders on 
54 areas fronting the Chilean border must 
complete the exploration work within a 5- 
year period at which time they will be 
given an option for a 50-year concession to 
exploit the deposits. 

Australia.— Metal Exploration N.L. re- 
ported production of 47 tons of molybden- 
ite from its Wolfram Camp mine in 
Queensland. 


Canada. Canadian molybdenum produc- 
tion rose to 30.3 million pounds compared 
to 22.5 million pounds in 1968 when work 
stoppages in the industry and a fire de- 
stroyed the mill of a small producer. Four 
mines in British Columbia accounted for 
90 percent of the output. The balance was 
produced at four small operations in 
Quebec. 

Endako Mines Ltd. (N. P. L.), Canada's 
largest producer, operated at near capacity 
in producing 18.8 million pounds of mo- 
lybdenum. Mill recovery for the year aver- 


Table 9.—Free world production of 
molybdenum in ores and concentrates, 
by countries 
(Thousand pounds contained molybdenum) 


Country ! 1967 1968 1969 » 
Canada (ship- 

ments) 21,877 20, 007 30,292 
Chile... . . . 10,752 8,521 10,675 
Japan 5 622 598 
Korea, South..... 618 423 220 
exico._.....--- r140 176 150 
Dorway 8 r 644 660 660 
EE 2,087 1,784 870 
Philip NEMO 9 85 
Uni Sau 90,097 93,447 99,807 
Total 126,278 125,785 142, 802 

p Preliminary. r eod 


1 Small quantities are also p cafu 
Australia "Nigeria, South-West AME d ain. 


aged 86 percent in treating 9.6 million 
tons of ore grading 0.189 percent molyb- 
denite. À new roaster placed in operation 
in May was operating at capacity of 9 mil- 
lion pounds annually by yearend. Endako 
planned to expand its line of primary 
products in mid-1970 with the startup of a 
new molybdenum oxide briquette plant ca- 
pable of producing 1,200 pounds of con- 
tained molybdenum in briquettes per 
hour. Exploration drilling continued to de- 
fine the ore zone, and as a result the ore 
reserve was increased slightly. 


British Columbia Molybdenum Ltd., a 
subsidiary of Kennecott Copper Corp., op- 
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erated at capacity in producing 5.6 mil- 
lion pounds of molybdenum despite poor 
weather conditions and high employee turn- 
over. 

Production of molybdenum at the Boss 
Mountain mine of Brynnor Mines Ltd. 
continued to decrease; 2.3 million pounds 
was recovered. Although the tonnage treated 
daily has steadily increased, the grade of 
ore treated has declined. During the 
mine's first full year of operation in 1966, 
nearly 3.6 million pounds was produced. 
The ore reserve above the adit level was 
maintained, but the estimated average 
grade was reduced owing to dilution. 

Red Mountain Mines Ltd. increased its 
milling capacity about 15 percent to over 
600 tons daily. In 1968 molybdenum out- 
put was 550,000 pounds from ore grading 
0.28 percent molybdenite. 

New capacity was expected in 1970 with 
the startup of Brenda Mines Ltd., British 
Columbia. Tuneup operations were initi- 
ated in December and the 24,000-ton-per- 
day mill was expected to reach capacity 
operation during the first part of 1970. Cop- 
per concentrate will be sold to Japanese in- 
terests, while the molybdenum output will 
be sold to European buyers. The ore reserve 
remained at 177 million tons averaging 
0.049 percent molybdenum and 0.183 per- 
cent copper. 

Lornex Mining Corporation Ltd. contin- 
ued to develop its large low-grade molyb- 
denum-copper deposit. The reported ore 
reserve totals 293 million tons averaging 
0.427 percent copper and 0.014 percent mo- 
lybdenum. 

Other interesting molybdenum properties 
that are being considered for possible ex- 
ploitation include those of Bell Molybde- 
num Mines Ltd. adjoining British 
Columbia Molybdenum Ltd.; Highmont 
Mining Corp. Ltd., adjoining Lornex; the 
Mount Copeland property of King Re- 
sources Company; Silurean Chieftain Min- 
ing Company Ltd., in the Alice Arms area; 
and Utah Construction & Mining Co. on 
Vancouver Island. 

Chile.—Despite short-term work . stop- 
pages, drought conditions, and a landslide 
at the Chuquicamata mine (Anaconda), 
molybdenum production in Chile of 10.6 
million pounds increased 19-percent over 
that of 1968. Chilean molybdenum con- 
centrate deliveries for the year were as fol- 
low: Chile, 30 percent; West Germany, 20 
percent; Sweden 13 percent; Netherlands, 
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14 perceht; United Kingdom, 11 percent; 
Japan, 7 percent; and France, 5 percent. 

The Anaconda Company announced that 
an agreement reached between the Govern- 
ment of Chile and Anaconda's subsidiaries, 
Chile Exploration Co. and Andes Copper 
Mining Co., was being implemented at 
yearend. Two new corporations were 
formed, Compañía De Cobre Chuquica- 
mata S.A. and Compañía De Cobre Salva- 
tor S.A. Assets and liabilities of Chile Ex- 
ploration Co. and Andes Copper Mining 
Co. were transferred to the new corpora- 
tions. Fifty-one percent of the stock of d: 
new corporations was acquired by the Cor- 
poracion del Cobre (CODELCO), an 
agency of the Republic of Chile, with the 
Anaconda subsidiaries retaining a 49-per- 
cent interest. 

Greece.—A geological report describes a 
complex molybdenum-tungsten-copper de- 
posit in Kimmeria near Xanthi? The re- 
port recommended that a more detailed 
mining survey be made. 

Japan.—]apanese interests continued to 
investigate a project to establish a molyb- 
denum roaster in Japan. As part of the in- 
vestigation, a mission visited the Climax 
roaster at Rotterdam, Netherlands, to 
study its operation. Interest was also 
shown in a new process being developed 
by Molycorp, which produces molybdic 
oxide while avoiding air pollution. 

Malaysia.—The Mamut Copper mine 
was scheduled for operation by mid-1972. 
The deposit was discovered in 1965 near 
Mount Kinabalu on the island of Borneo 
during a United Nations survey and later 
drilled by the Geological Survey of North 
Borneo. The deposit is a porphyritic, dis- 
seminated-copper deposit with estimated 
ore reserve of 76 million tons grading 0.66 
percent copper. Small quantities of molyb- 
denum, gold, and silver are also present. 
From the size of operation planned, Bor- 
neo could become a molybdenum produ- 
cer. 

Mexico.—The San Judas Molybdenum 
Corp. acquired a 49-percent interest in 
Compañía Minera de Hermosillo, S.A., 
which holds mining claims in the State of 
Somora. Exploration outlined an orebody 
of 250,000 tons grading 1 percent molybde- 
num. A 250-ton-per-day mill was planned 
for operation in mid-1971. 


3 M TAE 


ras P. Pantzartzis. ODE Maga- 
zine. V. 121, E 267. 


. 3, Sept. 1969, p. 


MOLYBDENUM 


Norway.—The Swedish-owned A/S Kna- 
ben Molybaengruber, Norway's only produ- 
cer of molybdenum concentrate has been a 
producer of molybdenum since the start of 
the industry, but only in 1938 did produc- 
tion exceed 1 million pounds. In recent 
years, production has averaged about 
600,000 pounds. Since 1965 there have been 
numerous accounts of expected expanded 
capacity. | 

Panama.—A  copper-molybdenum, por- 
phyry-type mineralization discovered by a 
United Nation mineral survey team contin- 
ued to hold the interest of international 
mining concerns. Ás a result of mineraliza- 
tion discovered in three locations in Colón 
Province, the Panamanian Government set 
aside 100,000 acres in the Donoso District 
for mining concessions. In August, the 
Minister of Commerce and Industry pub- 
lished an official call for bids for exploita- 
tion of the area embracing Petaquilla, 
Botya, and Rio del Medio, Results of the 
bidding were not expected until sometime 
in 1970. Seven to 10 years would be required 
to develop the area owing to dense jungle 
where rainfall averaged 200 inches per 
year. 


715 


Peru.—Production of | molybdenum 
dropped substantially at Southern Peru 
Copper Corp.s (SPCC) Toquepala mine 
owing to a mineralogic change in ore 
mined. A 40-day work stoppage also 
helped to limit production. SPCC signed a 
contract with the Peruvian Government to 
develop the Cuajone copper deposit, which 
is located about 17 miles northwest of the 
Toquepala mine. Reported ore reserves 
total 468 million tons containing ] percent 
copper. Presumably, molybdenum . would 
be recovered if present in commercial 
quantities. | 

Continental Molybdenum Peru S.A, sub- 
sidiary of Mineral Investment  Corp., 
planned to conduct a feasibility study in 
1970 for a molybdenum mine at Cerro de 
Chaco, Apurimax, Peru. Indications of a 
substantial deposit containing 1 percent 
molybdenum with. byproduct copper values 
were reported by the new concern. 

South Africa, Republic of.—Rand Mines 
Ltd. was granted an exclusive prospecting 
license for molybdenum covering an area 
of about 26 square miles in the Salisbury 
mining district. 


TECHNOLOGY 


Laboratory tests by the British Columbia 
Research Council (Canada) indicate that a 
two-stage rougher flotation process resulted 
in increased molybdenum recoveries of up 
to 5 percent. In ores containing lead sul- 
fide as an impurity, the first flotation stage 
could recover a concentrate essentially lead 
free. Further processing would yield a pen- 
alty-free, marketable product. 

Although no details have been revealed, 
Molycorp continued to develop a new 
process for converting molybdenum concen- 
trate to molybdic oxide. Principal advan- 
tages claimed for the process are the use 
of lowgrade and less costly raw materials, 
production of high-purity molybdenum 
oxide, recovery of valuable byproducts, and 
avoidance of air pollution. 

For a large segment of end-use consump- 
tion, molybdenum oxide is added to steel 
baths in cans. For some applications how- 
ever, molybdenum oxide in briquette form 
is preferred, despite a higher cost of 3 
cents per pound of contained molybde- 
num. A new, fully automated briquetting 
facility at the Rotterdam, Netherlands, 


plant of Climax Molybdenum Co. was 
described. The new facility has an annual 
capacity of 6.5 million pounds of contained 
molybdenum. 

The more important physical and chem- 
ical properties of molybdic oxide were 
compiled.4 A research investigation indi- 
cated that additions of molybdenum to 3 
percent carbon, 4 percent silicon ductile 
iron contributed significantly to its ele- 
vated temperature strength owing to reten- 
tion of finely dispersed carbides during the 
elevated temperature exposure.5 

The National Bureau of Standards made 
available a new standard reference mate- 
rial containing 21.5 percent molybdenum 
and 78.5 percent tungsten. The new stand- 
ard was prepared for use in calibrating 
microprobe  microanalyzers and should 


3 Metallurgia. Automated Briquetting for Molyb- 
denum. V. 79, No. 472, February 1969, pp. 53-57. 

1 Properties of Molybdic Oxide. Molybdenum 
Chemicals, Bulletin Cdb-1, Climax Molybdenum 
Company, August 1969, 10 pp. 

5 Sponseller, D. L., W. G. Sholz, and F. D. 
Rundle. Development of Low-Alloy Ductile Irons 
For Service at 1,200?—1,500? F. American Foun- 
drymen's Soc. Trans., v. 76, 1968, pp. 353-368. 
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prove valuable to microprobe laboratories 
doing qualitative analyses. 

Smooth, adherent, consolidated coatings 
of molybdenum were electrodeposited from 
a sodium lithium metaborate-molybdenum 
oxide fused-salt system.6 Coatings were de- 
posited on various types of materials under 
an argon atmosphere. Composition of the 
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electrolyte was critical. Deposits were ob- 
tained only when the electrolyte contained 
between 1.0 and 3.3 percent molybdenum. 

Patent activity mainly concerned the re- 
covery of molybdenum values by solvent 
extraction, chlorination, acid or basic 
leaching,s and froth flotation.9 


€ McCawley, Frank X., Charles Wyche, and 
David Schlain. Electrodeposition of Molybdenum 
Coatings. J. Electrochem. Soc. V. 116, No. 7, 
July 1969, pp. 1028-1034. 

T Platzke, R. N., and J. D. Prater (asssigned to 
Kennecott Copper Corp.). Process For the Re- 
covery of Molybdenum Values as High Purity 
Ammonium Paramolybdate From Impure Molyb- 
denum Bearing Solutions, With Optional Recovery 
of Rhenium Values If Present. U.S. Pat. 3,458,277, 


July 29, 1969. 
Swanson, R. R. (assigned to General Mills, 
Inc.). Recovery of Molybdenum Values from 


Aqueous Solutions Using a-hydroxy Oximes. U.S. 
Pat. 3,449,066, June 10, 1969. 


5 Booker, J. L., and R. E. Fredrickson (assigned 
to Dow Chemical Co.). Recovery of Oxides of 
Molybdenum From the Oxychloride. U.S. Pat. 
$8,420,619, Jan. 7, 1969. 

Long, R. S., and E. C. Tveter (assigned to 
Dow Chemical Co.). Hydrochlorination Process 
For Recovery of Metal Values. U.S. Pat. 3,432,255, 
Mar. 11, 1969. 


? Baarson, R. E., and C. L. Ray (assigned to 
Armour Industrial Chemical Co.). Flotation of 
Bulk Concentrates of Molybdenum and Copper 
Sulfide Minerals and Separation Thereof. U.S. 
Pat. 3,426,896, Feb. 11, 1969. 

Bauer, W. C., and C. K. Amano (assigned to 
FMC Corp.) Extraction of Metals. U.S. Pat. 
3,429,693, Feb. 25, 1969. 

. Corbett, B. (assigned to Miami Copper Co.). 
Process and Reagent for Recovery of Molybdenite 
From Copper Sulfide—Molybdenite Flotation Con- 
centrates. U.S. Pat. 3,435,952), Apr. 1, 1969. 

Falvey, L J. (assigned to American Cyanamid 
Co.). Dialkyl Dithiocarbamates as Collectors in 
ig Flotation. U.S. Pat. 3,464,551, Sept. 2, 

Litz, J. E. (assigned to Union Carbide Corp.). 
Process for Recovering Copper and Molybdenum 
up Concentrates. U.S. Pat. 3,455,677, July 

Sebba, F., C. W. Jonaitis, C. L. Ray, and R. E. 
Baarson (assigned to Armour and Compay). 
Precipitate Flotation Process. U. S. Pat. 3,476,553, 
Nov. 4, 1969. 


Natural Gas 


By William B. Harper 1 and Leonard L. Fanelli 2 


The marketed production of natural gas 
totaled 20,698 billion cubic feet in 1969. 
This volume was 1,376 billion cubic feet 
above the 1968 levels. Texas accounted for 
nearly 38 percent of the marketed produc- 
tion of natural gas and is still the leading 
producer. Louisiana production has been 
growing steadily. In 1969, for example, 
Louisiana accounted for 35 percent of pro- 
duction, whereas 5 years earlier (1964) 
that State's contribution was 27 percent. In 
1964 Texas produced 42 percent of the 
marketed natural gas. 

The average wellhead price of natural 
gas in 1969 advanced 0.3 cent to 16.7 cents 
per mcf, which is a new: high. There were 
more gas and condensate wells completed 
in 1969; 4,083 as compared with 3,456 in 
1968. At the same time, there were fewer 
gas and condensate wells operating in 
States such as California as indicated in 
table 11. California reported 897 wells pro- 
ducing at year end, which was 97 less than 
a year earlier. The shutdown of these wells 
also coincided with the drop in produc- 


tion. Marketed production of natural gas 
in California was 37.2 billion cubic feet 
less in 1969 than in 1968. 

The industrial consumption of natural 
gas for fuel, including the utilities, over- 
shadowed all other uses. In 1969, industrial 
fuel use accounted for two-thirds of the 
total consumption. Within this grouping, 
natural gas consumed by utilities is the 
largest industrial use, and that market for 
natural gas has been expanding vigorously. 
Over the 5-year period 1965-69, the use of 
natural gas as fuel for steam generation by 
utilities has increased from 2,318 billion 
cubic feet in 1965 to 3,486 billion in 1969, 
a rise of 50 percent. Half of the increase 
was in the West South Central area of the 
United States. This growth is readily un- 
derstandable because of the proximity of 
markets to supply. 

Shipments of natural gas interstate have 
not increased as rapidly as intrastate ship- 
ments. Intrastate gas is exempt from the 


1 Mineral specialist, Division of Fossil Fuels. 
3Survey statistician, Division of Fossil Fuels. 


Table 1.—Salient statistics of natural gas in the United States 


1965 1966 1967 1968 1969 
Supply: 
Marketed production ! 
million cubic feet.. 16,089.758 17,206,628 18,171,826 19,822,400 20,698,240 
Withdrawn from storage. do 959,865 1,141,614 1,182,584 1,829,586 1,879,488 
Imports o. 456,394 479, 780 64,226 661,885 726,951 
Total... u. uc L. do.... 17,456,012 18,828,022 19,868,085 21,808,821 22,804,679 
Disposition: 
Consumption............. do.... 16,088,189 17,191,711 18,172,894 19,459,989 20,922,800 
Exports -.do.... 26,182 24, 639 81,614 93, 745 51,804 
Stored irn do.... 1,077, 980 1,210,469 1,817,868 1,425,075 1,498,988 
Lost in transmission, etc. _ do 8,711 1,208 296,214 825,062 881,587 
To CCC do.... 17,456,012 18,828,022 19,868,085 21,808,821 22, 804, 679 
Value at wellhead: 
Total........ thousand dollars... 2, 494, 542 2,702,759 2,898,741 3,168,688 8,455,616 
Average...... ----cents per Mei 15.6 15.7 16.0 16.4 16.7 


1 Comprises gas sold or consumed by 


producers, including gas loss due to natural gas liquids recovery, 


losses in transmission, quantities added to storage, and increases of gas in pipelines. 
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Figure 1.—Marketed production of natural gas by regions and average well head prices. 


jurisdiction of the Federal Power Commis- 
sion, and prices in contracts for new in- 
trastate gas are higher than those allowed 
for interstate natural gas under FPC regu- 
lations. Also, intrastate gas has an added 
attraction of shorter reserve life require- 
ments than interstate gas; hence, the shift 
to intrastate sales. 

Natural gas processing plants processed 
17.7 trillion cubic feet of natural gas in 
1969. From this gas, 580 million barrels of 
natural gas liquids and ethane were re- 
covered. To obtain these liquids 866.6 mil- 
lion cubic feet of natural gas were con- 
sumed in the extractive process, a volume 
6.7 percent greater than in 1968. About 
12.9 trillion cubic feet of this processed 
natural] gas was shipped to transmission 
pipelines; and additional 1.8 trillion cubic 
feet was delivered directly to consumers. 
Comparisons with 1968 in terms of natural 
gas processed, extraction losses, shipments 
to tranmission companies, are shown in 
table 7. 

According to American Gas Association 
(AGA), there were 883,824 miles of gas 
pipelines at the end of 1969. This includes 
242,626 miles of main transmission lines, 
64,488 miles of gathering lines, and 576,710 
miles of distribution lines. Compared with 
1968 figures, main transmission lines in- 
creased 8,176 miles, gathering lines 48 miles, 
distribution lines 18,960 miles for an over- 


all increase of 22,184 miles. 

Data on natural gas production, con- 
sumption, and value are collected by an- 
nual surveys of oil and gas producers, nat- 
ural gasoline plant operators, gas pipeline 
companies, and gas utility companies, with 
separate reports obtained for each State in 
which they operate. 

These reports reflect approximately 80 
percent of gross natural gas production. 
The large number of respondents and the 
difficulty of canvassing each small producer 
have made direct acquisition of total pro- 
duction impractical. Most of the output of 
nonreporting producers has been shown in 
purchase listings of reporting companies. 
Marketed production for each State equals 
consumption in the State, plus losses in 
transmission, gas placed in storage, and 
shipment from storage and receipts from 
other States. 

Gas volumes in this chapter are reported 
or converted to a pressure base of 14.73 
pounds per square inch absolute (psia) at 
609 F. 

Legislation and Government Programs.— 
Subsequent to the Supreme Court decision 
upholding Federal Power Commission 
Opinion 468 in the Permian Basin Area 
Rate Processing (AR61-1) fixing gas pro- 
ducer rates for interstate sale for resale, the 
Federal Power Commission issued Opinion 
546 on September 25, 1968, in the South 
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Louisiana Area Rate Proceeding (AR61-2 
et al). Shown below are the three price 
systems for South Louisiana sales estab- 
lished under Opinion 546: 


Cents at 15.025 psia 


Onshore and Federal 
offshore domain 
subjeet to offshore 
State tax 
Gas well gas under con- 
traets dated prior to 
11-61, and all other 
gas regardless of con- 
tract date 18. 5 17.0 
Gas well gas (and res- 
idue therefrom) 
under contracts dated 
between 1-1-61 and 
9-80-68...........- 19,5 18,0 
Gas well gas (and res- 
idue therefrom) 
under contracts dated 
10-1-68 and later... 20.0 18.5 
Contracts dated October 1, 1968, and 


later are known as “third vintage" gas. 

In a major departure from Opinion 468, 
which imposed a 214-year moratorium on 
price increases above the Permian Basin 
Ceilings, Opinion 546 directed that the 
South Louisiana ceilings continue in effect 
"until such time as they may be changed 
by the Commission." On March 20, 1969, 
the FPC issued Opinion 546-A largely af- 
firming but modifying in part its prior de- 
cision of September 25, 1968, in the South 
Louisiana Area Rate Proceeding. One of 
the major modifications was to lift the in- 
definite moratorium prescribed by Opinion 
546 for offshore "third vintage" contracts 
(those dated October 1, 1968 or later) to 
one on which the moratorium would ex- 
pire January 1, 1974, to the extent of per- 
mitting the filing of contracturally author- 
ized rate increases up to a base arca rate 
of 20 cents (that is the same as the base 
area rate established for third vintage gas 
contracts subject to Louisiana tax, 1.5 cents 
higher than the base rate for third vintage 
Federal Domain contracts). 

At the same time Opinion 546-A was is- 
sued, the FPC instituted a new proceeding, 
the Offshore South Louisiana Area Rate 
Proceeding (AR69-1) in order to deter- 
mine the need for possible revision of the 
area ceilings for offshore gas under con- 
tracts dated October 1, 1968, and later, 
and whether a "fourth vintage" ceiling 
should be established for the future. 

The Federal Power Commission also re- 
ferred to the "clear invitation" extended in 
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Opinion 546 for a petition to reconsider 
"far offshore" rates whenever there was 
sufficient evidence indicating a need for a 
change in price, and to observations in 
Opinion 546 respecting the unsatisfactory 
correlation of offshore reserves data with 
input costs. In addition, the Commission 
reviewed the New York PSC's request for 
"an investigation into the adequacy of gas 
reserves held or controlled by the major 
producers and pipelines, and the claims of 
a shortage of natural gas;" a subsequent 
producer motion for a limited reopening 
of the South Louisiana record in order “tó 
receive additional evidence demonstrating 
the substantial changes in supply-demand 
relationships for natural gas which have 
occurred since the record was closed over 3 
years ago;" and suggestions by certain dis- 
tributor interveners that the Commission 
obtain additional evidence as to the need 
for revision of the offshore price applicable 
to future contracts. The Commission ac- 
cordingly concluded that “a further pro- 
ceeding investigating the correlation be- 
tween reserves found, including reserves 
not yet dedicated, and costs incurred in 
the offshore areas would be in the public 
interest." 

The New York request referred to was 
prompted by a letter from the President of 
the American Gas Association to each 
member of the FPC indicating, among 
other things, that (1) gas distributors are 
being refused increases in long-term sup- 
plies by pipelines owing to a lack of suffi- 
cient price incentives for producers to ex- 
plore for and develop needed reserves, (2) 
increasing dedication of reserves to the 
more attractive intrastate market, (3) 
pipeline unwillingness to undertake system 
expansions in the face of inadequate re- 
turn allowances, and (4) delays in connec- 
tion of offshore Louisiana reserves to inter- 
state pipeline networks. “To offset an 
impending shortage," the AGA letter urged 
that the Commission take a new look at 
its methods for determining area rates, 
give renewed encouragement to settlement 
of area rate cases, reappraise its methods 
for determining acceptable rates of return 
and authorize the construction of new 
offshore Louisiana pipeline facilities in 
time to permit needed deliveries during 
the 1969-70 heating season. 

In its subsequent request, New York 
charged that AGA’s assertion of a producer 
“refusal to serve” because of insufficient 
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prices warranted formal investigation on 
several grounds, including the necessity for 
“corrective measures” to protect the integ- 
rity of the FPC processes “to the extent 
that the actual or threatened withholding 
of gas was being used to coerce parties to 
FPC proceedings to modify their posi- 
tions.” Subsequently, the FPC issued notice 
of the PSC request for an investigation 
(R169-470) and provided for the submis- 
sion of comments by interested parties. 

The investigation instituted in AR69-1 
encompassed Zones 2, 3 and 4 of offshore 
Louisiana as described in a 1956 interim 
agreement between the United States and 
the State of Louisiana, excluding certain 
lands awarded to the State by a supple- 
mental decree of the Supreme Court in 
1965. 'The Commission provided, however, 
that parties may raise the issue whether 
the geographical demarcation of the new 
proceeding should be changed. 

As in Opinion 546-A, the Commission 
stated that any higher rates established for 
"fourth vintage" gas well gas sales from 
the offshore area would be applied pro- 
spectively to "third vintage" sales and 
would govern refunds pertaining to con- 
tractually authorized increased rates filed 
pursuant to the Opinion 546-A modifica- 
tion of the moratorium as to “third vin- 
tage" offshore contracts. However, the 
Commission declared, any lower area rate 
established for "fourth vintage" contracts 
would not be applied to deliveries there- 
after made under "third vintage" contracts. 

The FPC noted that the data required 
for correlation of offshore Louisiana gas 
reserves with the associated costs are in the 
possession of the lessee in the offshore 
area. Also, the Commission said, to deter- 
mine the lag period between investment 
and production and the unit costs incurred 
during the buildup period to full produc- 
tion, it is apparently necessary to obtain 
reserve, production and cost data by leases. 

The Commission stressed that it is inter- 
ested also in the general question of po- 
tential supply in the offshore area. Fur- 
thermore, the FPC noted, the various 
pleadings filed "assert a critical supply sit- 
uation exists which requires prompt reme- 
dial action." 

Subsequently, the FPC issued notice of a 
rulemaking proposal (R-394) to terminate 
the moratorium provisions imposed by 
Opinions 546 and 546-A respecting rate 
increases for South Louisiana sales. 
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The notice stated that "circumstances 
have changed" since the issue of Opinions 
546 and 546-A. Specifically, presently avail- 
able data indicate (1) a “worsening” sup- 
ply situation, with new findings of gas fall- 
ing below production in 2 successive years; 
(2) a “sharp” drop in the level of gas 
exploration during 1968 and 1969, which 
has an adverse impact on future gas sup- 
plies; and (3) cost increases which have 
affected the amount of funds devoted to 
the industry’s exploratory efforts. Thus, in 
these circumstances, the Commission ex- 
pressed the opinion that—subject to com- 
ments to be filed herein—the moratorium 
established in Opinions 546 and 546-A 
should be dissolved “in order to encourage 
increased exploration and development ef- 
forts for natural gas in Southern Louisiana 
and the dedication of greater volumes of 
gas from that area to the interstate market." 

In the event the moratorium is termi- 


nated, the FPC also suggested certain pro- 
cedures to be followed thereafter. Among 


other things, the Commission proposes to 


issue an order providing that the higher of 
the rates to be established in AR69-1, or 
those previously established in AR61-2, 
would constitute a floor for the determina- 
tion of refunds for all vintages of gas sold 
subsequent to the date of such order (ex- 
cept that the floor on refunds for new gas 
sales under contracts dated after July 17, 
1970, may be determined in the recently 
instituted R-389A rulemaking proceeding 
to fix new contract rates in all areas). 
This floor would apply to gas sales made 
as a result of stay orders at rates in excess 
of Opinion 546 ceilings, as well as to sales 
which may be made as a result of rate in- 
crease filings subsequent to the proposed 
order. The order also would provide that 
any rate increase filing made after termi- 
nation of the moratorium would become 
effective, subject to refund, 45 days after 
filing. This lapse, the FPC said, would 
allow pipeline customers to file rate in- 
creases so as to reflect their increased costs 
of purchased gas. The requirement for the 
simultaneous submission of supporting 
schedules would be waived if the pipeline 
rate increases were limited to tracking 
producer increases and if the supporting 
data were filed within the next 4 months. 


The FPC invited comments on both the 
proposal to terminate the moratorium and 
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on measures to be taken in the event the 
moratorium is ended. 

Pipeline Safety.—The Natura] Gas Pipc- 
line Safety Act of 1968 (Public Law 
90-481), which became law August 13, 
1968, provides, among other things, that 
the Secretary of Transportation, within 2 
years, establish minimum Federal safety 
standards applicable to the design, installa- 
tion, inspection, testing, construction, ex- 
tension, operation, replacement, and main- 
tenance of pipeline facilities used in the 
transportation of natural gas. The Act also 
provided that the Department of Trans- 
portation, or DOT, initially adopt the 
State standards in effect on August 12, 
1968, as the minimum Federal standards in 
each State. Where there was no State 
standard, DOT was directed to set as the 
Federal Standards those common to a ma- 
jority of the jurisdictions having standards. 
Thereafter, DOT appointed a Technical 
Pipeline Safety Standards Committee, as es- 
tablished under the Act, to consider all 
proposed safety standards. 
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Consequently, the Department of Trans- 
portation published in the Federal Regis- 
ter on August 19, 1970, an amendment of 
the Code of Federal Regulations to pro- 
vide minimum Federal safety standards 
"for the transportation of gas and for 
pipeline facilities used for this transporta- 
tion." The new’ minimum Federal safety 
standards become effective on November 
12, 1970, except for provisions applicable 
to new pipelines which become effective on 
March 13, 1971. 

In its announcement ín the Federal Reg- 
ister, DOT stated that the Office of Pipe- 
line Safety will hold additional hearings 
on thc question of the odorization of gas 
in transportation lines. On June 10, 1970, 
that Office issued a notice asking for fur- 
ther comments on a proposal to require 
odorization of all gas transportation by 
pipeline—except for gas moved in gather- 
ing lines in certain locations, gas cnroutc 
to storage fields and gas being delivered 
for further processing. 


CONSUMPTION 


More than 20.9 trillion cubic feet of nat- 
ural gas was consumed in the United 
States during 1969. This was an increase of 
1,463 billion cubic feet, or 7.5 percent, 
above the volume consumed in 1968. Con- 
sumption exceeded production by a size- 
able margin both in 1968 and again in 
1969. 

In 1969, residential and commercial uses 
absorbed 31.9 percent, and oilfield use, 
natural gas processing plants, pipeline fuel, 
and refinery fuel accounted for 18.4 per- 
cent of the total 20.9 trillion cubic feet 
used. Electric utilities burned 16.7 percent; 
industrial and other uses accounted for 
33.0 percent. 

Of the 142 trillion cubic feet for other 
than residential and commercial purposes, 
nearly one-half of the volume was con- 
sumed in the West South Central States of 
Arkansas, Louisiana, Oklahoma, and Texas. 
Texas produced 7,853.2 billion, which was 
more gas than any other State, but used 
4,324.7 billion or a volume equal to 55.1 
percent of the gas produced within the 
State. Louisiana's consumption of about 
1,942.1 billion cubic feet was equal to 26.9 
percent of the 7,227.8 billion cubic fect 
produced in the State. 


The U.S. gas industry in 1969, spent 
$2,998 million for new plants and equip- 
ment. Included were $1,569 million for 
new transmission facilities, $945 million for 
outlays related to distribution, $191 million 
for production and regular storage, $152 
million for underground storage facilities, 
and other general expenditures totaling 
$141 million. 

Industrial Uses.—In the industria] use 
category, electric power utilities in the 
West South Central region used 1.6 trillion 
cubic feet of natural gas for steam genera- 
tion, and this accounted for 45 percent of 
the 3.5 trillion cubic feet used for this 
purpose in the entire United States. This 
is readily understandable, because no other 
fuel can compete costwise with natural gas 
in the Southwest. Natural gas also was 
used extensively in California for steam 
generation. However, this is due primarily 
to air pollution controls which restrict the 
use of other fuels. | 

Natural gas also was used extensively in 
the chemical and allied product industries, 
including carbon black, the metals indus- 
try, the building materials industry, the 
glass industry, foods, and paper and allied 
products. Next in importance in terms of 
industrial consumption was the gas used at 
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end of 1969. Included in this category are 
consumers who solely or partially use gas 
for such applications as cooking, water 
heating, air conditioning, and house heat- 
residentia] accounts in 1969 and a net gain 
of 101,000 commercial users. This increase 
was smaller than the indicated gain in 
house-heating accounts reported by the 
American Gas Association (AGA) for 1968, 
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which suggests that for applications other 
than house-heating, competitive fucls have 
made some inroads into the overall gas 
consumer demand. 

Result of the AGA Heating Survey 
showed a net increase of 982,000 in cus- 
tomers who installed gas heating in 1969, 
bringing the total number of gas individ- 
ual house-heating customers to over 30.7 
million, a gain of 3 percent over the 1968 
figure. New homes accounted for 599,000 
or 61 percent of this increase; conversion 
from other fuels in existing dwelling rep- 
resented 39 percent. In addition to these, 
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3,661,000 dwelling units in multi-family 
structures received gas heat from a central 
Or master metered source, bringing the 
total number of families served by gas 
heating to 34,388,000, a gain of 4.9 percent 
over the 1968 figure. 

The East North Central region leads the 
Nation with 7.4 million house-heating cus- 
tomers, and the Pacific region ranks second 
with nearly 5.9 million house-heating ac- 
counts. The AGA forecasts that in the 3- 
year period ending in 1972, 2.9 million 
additional heating customers will be re- 
corded. | 


RESERVES 


The Committee of Natural Gas Reserves 
of the AGA estimated that the total proved 
recoverable reserves of natural gas in the 
United States as of December 31, 1969. 
were 275.1 trillion cubic feet or a decrease 
of 12.2 trillion cubic feet from a year ear- 
lier. This includes proved offshore reserves, 
but it does not include any estimates of 
the gas reserves in the new oil and gas 
province, the North Slope of Alaska. At 
the end of 1968, proved natural gas re- 
serves were 287.3 trillion cubic feet. During 
1969, there were large downward revisions 
in previous estimates for six of the 12 
Railroad Commission of Texas districts, 
which more than offset an upward revision 
in the estimate for South Louisiana. New 
fields discoveries accounted another 1.8 
trillion cubic feet, and 2 trillion were from 
new reservoir discoveries. Total net addi- 
tions to reserves aggregated about 8.5 tril- 
lion cubic feet during 1969, but with a 
production of 20.7 trillion, the drop in 
proved reserves of natural gas was 12.2 
trillion cubic feet. 

The decline in the total number of gas 
well completions was arrested in 1969 with 
4,083 completions as compared with 3,456 
in 1968, and this trend continued into the 
new year. Increases in 1969 of 151 wells in 
the exploratory category are reported. Also, 
the number of development wells increased 
by 476 in 1969. There were 114,476 pro- 
ducing gas wells at the end of 1969. 

Index of Selected Jurisdictional Compa- 
nies.—As of December 31, 1968, there were 
117 pipeline companies subject to the Fed- 
eral Power Commission's jurisdiction, that 
were engaged in the sale or transportation 
of natural gas in interstate commerce. 
Ninety-five of these companies filed with 


the Federal Power Commission annual re- 
ports of gas supply (Form 15 and Form 
15-A) for 1968, together with (1) the 
total volumes of gas which they reported 
as purchased and produced, (2) the per- 
cent of these volumes sold under firm and 
interruptible sales contracts, and (3) juris- 
dictional sales for resale made during 1968. 
A complete list of these companies is avail- 
able in the Federal Power Commission's 
publication, “The Gas Supplies of Inter- 
state Natural Gas Pipeline Companies, 
1968." The following is a list of 24 compa- 
nies that have over 900 billion cubic feet 
of domestic natural gas reserves. 


Arkansas Louisiana Gas Co. 

Cities Service Gas Co. 

Colorado Interstate Gas Co. 
Consolidated Gas Supply Corp. 

El Paso Natural Gas Co. 

Florida Gas Transmission Co. 
Kansas-Nebraska Natural Gas Co., Inc. 
Michigan Wisconsin Pipe Line Co. 
Montana-Dakota Utilities Co. 
Mountain Fuel Supply Co. 

Natural Gas Pipeline Co. of America 
Northern Natural Gas Co. 
Panhandle Eastern Pipe Line Co. 
South Texas Nat. Gas Gathering Co. 
Southern Natural Gas Co. 
Tennessee Gas Pipeline Co. (Tenneco, Inc.) 
Texas Eastern Transmission Corp. 
Texas Gas Transmission Corp. 
Transco. Gas Pipe Line Corp. 
Transwestern Pipeline Co. 
Trunkline Gas Co. 

United Fuel Gas Co. 

United Gas Pipe Line Co. 

West Texas Gathering Co. 
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t back pressures usually 


maintained during the first 90 days of a 


ins 


tring aga 
The productive capacity of associated gas 


is capable of producing through a produc- 
tial production, not openflow potential. 
The productive capacity of associated-dis- 
solved gas is based on the productive ca- 
pacity of crude oil and the estimated pro- 
ducing gas-oil ratios which would result 
from such capacity operation during the 
from gas wells is usually based on the vol- 
umetric withdrawal of crude oil from re- 


first 90 days of a given year. 
lated oil wells at capacity rates during the 


nonassociated gas well is considered to be 
the maximum safe rate at which the well 
given year. This estimate represents poten- 
first 90 days of a given year. 


ing s 


PRODUCTIVE CAPACITY 


The Committee on Natural Gas Reserves 


of the AGA has prepared estimates of the 
Capacity of a 


Figure 3.— Trends in annual gross additions to natural gas reserves. 


Source: A.G.A. 


mated at 79,841 million cubic feet per day, 
and from associated-dissolved, 20,953. The 
total is 100,794 million cubic feet per day. 
ditions to an unlimited market without 
specific regard to the capacity of existing 
surface producing equipment and pipelines 


reservoirs can produce under present con- 
or established allowables. 


dustry as of December 31, 1969. The ca- 
pacity for nonassociated reservoirs is esti- 
The productive capacity of natural gas 
from nonassociated reservoirs is defined as 
the maximum sustainable daily rate at 
which existing gas wells completed in such 


productive capacity of the natural gas in- 


NATURAL GAS 


725 


STORAGE 


The development of underground gas 
storage facilities expanded in 1969 but at a 
slower pace than 1968. About 148.3 billion 
cubic feet of capacity was added, which 
boosted the aggregate to 4.9 trillion cubic 
feet by yearend 1969. 

The ability to store gas in these under- 
ground facilities close to markets during 
off-season periods has been a major factor 
in the industry's growth. There were 320 
pools in 26 States and 80 companies were 
participating in such facilities at the end 
of 1969. 

In addition to underground storage, 
there is the growth in aboveground storage 
for liquefied natural gas (LNG). At pres- 
ent, most of this type of storage is associ- 
ated with peak shaving facilities of gas dis- 
tributing utilities and storage facilities for 
natural gas transmission pipelines. In the 
United States there were 14 such installa- 
tions operating in 1969 and two more 
scheduled for operation in 1970. Inaddi- 
tion, two companies were expanding exist- 
ing plants at the 1969 yearend. 

The continued growth and expansion of 
the natural gas industry has created a 
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need for large volume storage near metro- 
politan areas to meet the winter peak 
loads. Requirements for natural gas on a 
peak winter day is currently about seven 
times that required on a summer day be- 
cause of growth in use of natural gas for 
home heating. This places a heavy burden 
on a local gas utility to supply the gas 
when needed, particularly if there is a 
prolonged cold spell; hence, the growth in 
LNG facilities. The primary purpose of liq- 
uefaction is storage. By lowering the tem- 
perature at atmospheric pressure to ap- 
proximately minus 260° F, natural gas 
volume contracts by a factor of 600 during 
liquefaction. Relatively small amounts of 
gas are liquefield over a long period—from 
200 to 300 days per year—and stored for 
use during peak winter loads. The regasifi- 
cation rate, however, is high; in some in- 
stances, high enough to empty storage in 5 
days. In addition to the conventional peak 
shaving facilities, which are connected di- 
rectly with long distance natural gas 
transmission lines, there is an expanding 
interest in the import of LNG for base 
load purposes on a commodity basis and 
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Figure 4.—Trends in net gas stored underground in U.S. storage fields. 
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not a project basis, such as the two cargoes 
of LNG from Algeria to Boston Gas in 
1968. 

The largest, thus far, of proposals to ex- 
port LNG to the United States is the El 
Paso Natural Gas plan to import into the 
United States from Algeria 1 billion cubic 
feet per day of LNG for 25 years. This 
proposal is awaiting approval of the 
United States Government through the 
Federal Power Commission. Also awaiting 
approval is the proposal by Distrigas Cor- 
poration to import from Algeria LNG at 
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the rate of 6 billion cubic feet annually 
for 20 years. 

In addition Philadelphia Gas Works pro- 
poses to import Venezuelan natural gas at 
a rate of 500 million cubic feet per day. 
Also from Venezuela, the Columbia Gas 
System, through its subsidiary Columbia 
LNG Corporation, proposes to purchase 
from Esso LNG Co., a subsidiary of Stand- 
ard Oil Co. (New Jersey), 425,000,000 
cubic feet per day of natural gas. All of 
these proposals are awaiting approval by 
the United States Government. 


VALUE AND PRICE 


The average value of natural gas at the 
wellhead increased 0.3 cent to 16.7 cents 
per thousand cubic feet (Mcf). Prices at 
the wellhead, however, range widely with 
the highest price in States near large con- 
sumer markets. In New York, for example, 
the wellhead price of natural gas is 30 
cents; in California, 30.6. Wellhead prices 
near the large eastern markets are 27 cents 
for West Virginia and 27.6 cents for Penn- 


sylvania. 
On November 3, 1969, the Federal Power 
Commission reported that the average 


wholesale prices charged by pipelines to 
distributing utility companies as of July 1, 
1969 ranged from a low of 29.12 cents at 
Chicago to a high of 69.21 cents per Mcf 
at Boston. The higher average prices in 10 
of the major cities resulted from general 
rate increases by five natural gas suppliers, 
according to the FPC. 

These were followed by tracking in- 
creases of four other companies to which 
the major suppliers sell gas for resale to 
distributors in the 10 areas. Most of the 
increases were subject to refund contingent 
on the outcome of pending rate proceed- 
ings. The largest increase was in Boston, 
where the price rose from 61.34 cents / Mcf 
as of July 1, 1968, to 69.21 cents on July 1, 
1969. The only decrease was for Chicago, 
and resulted from an FPC-approved settle- 
ment for Natural Gas Pipeline Co. of 
America. Prices in Baltimore, St. Louis, 
and Washington, D.C. remained constant 
during the 12-month period. 

The specific charges in the 14 cities are 
as follows: 


Average cents per Mcf (14.78 psia) rged 
by pipelines to distributors 
Metropolitan area 7/1/68 7/1/69 
Baltimore 41.58 41.58 
P oe s Yakun 61.34 169.21 
Chicagos 29.61 29.12 
Cleveland 39.05 140.43 
Dis ⁵ĩðVâĩi ay us tus 37.33 139.32 
Los Angeles?. :: 29.24 180.85 
Minneapolis-St. Paul 35.46 36.72 
Newark (N. J. Suburbs of N. V.) 2. 42.63 143.79 
New York? `- e oe ee ee 40.73 141.63 
Philadelphia .................- 41.86 143.56 
Pittsburgh): 37.40 138.64 
St. Louis (Mo. portion only)..... 33.80 33.80 
San Francisco—Oakland?........ 28.18 129.71 
Washington, DC? 46.71 46.71 


1 Reflects rates in effect subject to refund in pending 
rate cases. 


2 Wholesale service furnished by more than one 
pipeline company in 1968. Average prices are com- 
puted from the weighted average charges of all 
suppliers. 


The average cost of natural gas, of 
course, varies widely because of transporta- 
tion costs. In Maine, New Hampshire, and 
Vermont, for example, the price to resi- 
dential consumers was $1.97 per Mcf in 
1969, as compared with 90 cents in Texas. 
In West Virginia, which is a producer of 
natural gas and which has an average 
wellhead price of 27 cents per Mcf, the 
price of gas to residential consumers is 88 
cents per Mcf, or nearly the same paid by 
a residential] user in Texas. 


Costs to commercial consumers follow 
the same pattern as indicated with residen- 
tial uses—that is, the highest prices are in 
New England; the lowest in the West 
South Central States of Arkansas, Louisi- 
ana, Oklahoma, and Texas. The average 
price of natural gas to commercial users in 
the latter region was 52.6 cents per Mcf in 
1969. In New England, a commercial user 
paid 1.48 cents per Mcf. Industrial ac- 
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counts, excluding the electric utilities, av- 
eraged 96.4 cents. In the West South Cen- 
tral Region the average was about 21 
cents. In the East North Central Region, 
with consumption second only to that in 
the Southwest, the average price for an in- 
dustrial customer was about 49 cents per 
Mcf 
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The total value of marketed production 
of natural gas was $3,455.6 million in 1969 
or 9 percent higher than the $3,168.7 mil- 
lion of 1968. The total value of all the 
natural gas used in 1969 aggregated 
$10,769.4 million, which was 9.9 percent 
above the values estimated for 1968. 


FOREIGN TRADE 


Exports of natural gas, similar to the 
pattern for imports, involved both Canada 
and Mexico. Exports to Canada in 1969 
fell to 34.9 billion cubic feet or 57.2 per- 
cent below the 1968 levels. 

Exports to Mexico which exit the United 
States from Arizona and Texas were 13.4 
billion cubic feet or 10.7 percent higher 
in 1969. 

The first large scale commercial export 
of liquefied natural gas (LNG) from 
Alaska is a joint venture of the Phillips 
Petroleum Company and the Marathan Oil 
Company. A sale has been negotiated for 
139,000,000 cubic feet a day of liquefied 
natural gas to the Tokyo Electric Power 
Company and the Tokyo Gas Company for 
an initial 15 year term. The first shipment 
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The United States, the Soviet Union, 
Canada, and Rumania led the world in 
production of natural gas. In fact, these 
four countries accounted for 88 percent of 
world production, totaling nearly 30 tril- 
lion cubic feet as indicated in table 14. 
Also, Netherlands' production expanded 
from 514 billion to 773 billion in 1969, an 
increase of 50.8 percent. The Netherlands 
is considered to have one of the world's 
largest gas reserves at Groningen. Some of 
the gas produced in the Netherlands is 
moving into markets in West Germany, 
Belgium, and France. 

The Netherlands and Italy signed a 
120-billion-cubic-meter (4,237 billion cubic 
fcet) natural gas agreement in 1970. Italy's 
state owned company Ente Nazionale Idro- 
carburi (ENI), will buy natural gas over a 
20-year period beginning with 1974. Sales 
of natural gas in the Netherlands in 1969, 
are reported to have been 759 billion 
cubic fcet and are expected to climb to 
989 billion cubic feet in 1970. Of the 989 
bilion in 1970 850 billion are expected to 


of LNG arrived in Tokyo Bay in Novem- 
ber 1969. A second tanker went into serv- 
icc in January 1970. 

Foreign trade in natural gas is increasing 
steadily in magnitude, particularly imports. 
During 1969, imports reached a rccord 
high of 726.9 billion cubic feet which was 
75 billion or 11.5 percént higher than in 
1968. Most of United States imports arc 
from Canada and enter at Noyes, Minn. 
Eastport, Idaho, and Sumas, Wash. Imports 
in these regions in 1969 accounted for 
621.7 bilion cubic feet or 85.5 percent of 
total imports. Another 47 billion cubic 
feet, imported from Canada, entered the 
United States to supply gas utility systems 
in Montana, upper New York State, and 
Vermont. | 
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be exported, as compared with about 265 
billion cubic feet exported in 1969. 
Developments of gas fields in the North 
Sea has caused a sharp jump in marketed 
production of gas in the United Kingdom 
to 178.7 billion cubic feet in 1969, or more 
than double the 71.4 billion produced in 
1968. The Hewitt Field, located about 20 
miles off the eastern coast of Great Brit- 
ain, started delivery of gas to the British 
Gas Councils distribution system in 1969. 
The Gas Council has received approval to 
construct a third coastal terminal to han- 
dle supplies of natural gas from the North 
Sca. It will be located in Lincolnshire and 
will initially handle natural gas from the 
most recent large field found in the North 
Sea, the Viking Field, discovered by the 
Conoco/ National Coal Board Group. Ulti- 
mately, the terminal may have the process- 
ing capacity of 3 million cubic feet of nat- 
ural gas per day from which the natural 
gas liquids such as natural gasoline, bu- 
tane, propane could be extracted. The 
United Kingdom's needs also, are being 


728 


supplied in part by LNG shipped from 
Arzew, Algeria, to Canvey Island in the 
Thames Estuary. Gas from other North 
Sea gasfields is also entering the British 
market. 

Natural gas use is rapidly becoming an 
important factor in the energy patterns of 
many other nations as large gasfields have 
been found in the Soviet Union, Algeria, 
United Arab Republic, Austria, Iran, Bo- 
livia, Afghanistan, Pakistan, Canada, and 
Francc. 

Next to Western Europe gas usage in 
the Soviet Union is growing faster than in 
any other part of the world. In 1969, the 
Soviet Union produced 6.4 trilion cubic 
feet of natural gas, which is more than 
four times the 1959 production. Soviet gas 
now flows into Eastern Europe and Aus- 
tria. 

Italy signed an agreement with the So- 
viet Union in 1970 for 100 billion cubic 
meters (3.5 trillion cubic feet) over a 20- 
year period. The U.S.S.R. will sell natural 
gas to ENI and in exchange will receive 
$200 million in Italian industrial products. 
The Soviet Union, at the same time, has 
also arranged for large volume imports 
from Iran and Afghanistan. Natural gas 
imports into the Soviet Union have been 
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limited thus far to Afghanistan. But com- 
pletion of the 40 to 48-inch pipelines from 
south Iranian fields will be followed soon 
with shipments of natural gas to the 
U.S.S.R. It is expected that delivery of gas 
from Iran to the U.S.S.R. will build up 
gradually so that by 1975 the volumes will 
have reached 10 billion cubic meters or 
353 billion cubic feet annually and be sus- 
tained at that level through 1984. Deliver- 
ies from Afghanistan, which began in 1967, 
are expected to expand to 2.5 billion cubic 
meters (88.2 billion cubic feet) by 1970. 

As to Africa, movement of LNG from 
Algeria to Great Britain has already been 
mentioned. The other important develop- 
ment, however, will be the movement of 
LNG from Libya to Italy and to Spain. 
The Esso Libya project involves the sale of 
245 million standard cubic feet per day 
(scfd) of 1,350-Btu gas (equivalent to 465 
million scfd of 1,000-Btu gas). Most of the 
gas to be liquefied is produced in associa- 
tion with oil. The gas will be liquefied at 
Marsa el Brega, Libya, and then trans- 
ported in four LNG tankers to La Spezia, 
Italy, and Barcelona, Spain. Nearly all of 
the gas to be liquefied is associated gas 
from the Zelton field and the Reguba field 
in the Libyan Desert. 
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Table 2.—Quantity and value of marketed production of natural gas in the 
United States 


1968 1969 

Average Average 

State uantity Value wellhead Quantity Value wellhead 
million (thousands) value, (million (thousands) value, 
cubic feet)! cents cubic feet)! cents 

per Mef per Mcf 
Alabama. .................- 23 $30 13.1 18 4 13.4 
Alaska 17,343 4, 388 25.3 50, 864 12,665 24.9 
Arizona.. -.---------------- 881 142 16.1 1,136 17.5 
Arkansas...__ eee 156,627 24, 456 15.6 169,257 26,743 15.8 
Californian 714, 893 221,077 30.9 677, 689 207, 440 30. 6 
Colorado 121, 424 16,392 13.5 118,754 17, 14.5 
Florida 10 1 15.2 50 15.7 
Inos . lie 4,380 552 12.6 3,800 536 14.1 
Indiana 23 23.4 40 23.6 
Kansass s 835, 555 115,307 18.8 883,156 122,759 13.9 
Kentücky. kn 8 89,024 22,256 25.0 81,304 20,407 25.1 
Louisiana 6,416,015 1,212,627 18.9 7,227,826 1,387, 743 19.2 
Maryland.................- 8 25.6 25.4 
Michigan 40, 480 10, 160 25.1 36, 163 9,294 25.7 
Mississippi 135,051 22, 601 16.7 181,234 23,097 17.6 
issourl._.-___.--..--.---- 4 28.6 6 13.8 
Montana. .................- 19,313 1,757 9.1 41,229 4,205 10.2 
Nebraska................... 8,1 1,423 17.5 : 1,209 17.3 
New Mexico...............- 1,164,182 156,000 13.4 1,138,133 155,924 13.7 
New ok 8 4, : 31.9 ; 1, 30.0 
North Dakota 41,023 6,769 16.5 33,587 5,441 16.2 
or ³ AAA suede ces 42, 673 10, 540 24.7 49,793 12, 837 25. 8 
Oklahoma. _._._.......---.- 1,390, 884 197, 506 14.2 1,528,715 233,128 15.3 
Pennsylvania. ..............- 87,987 24,460 27.8 21,841 21.6 
ennessee..... ..... l.l... 48 9 19.4 57 11 19.6 
17%» 8 ay uu 7,495,414 1,011,881 13.5 7,853,199 1,075,888 18.7 
LP me" 46,151 7,292 15.8 46,733 7,197 15.4 
Virgini˖i aaa 3,389 1.013 29.9 2, 846 845 29.7 
West Virginia 236,971 62,086 26.2 231,759 62,575 27.0 
Wyoming 248,481 36, 278 14.6 803,517 44,617 14.7 
TCT 29:2 19,322,400 3,168,688 16.4 20,698,240 3,455,615 16.7 


! Marketed production of natural gas represents gross withdrawals less gas used for repressuring and quanti- 
ties vented and flared. 
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Table 5.—Quantity and value of natural gas delivered 


Residential Commercial 
Region and State Number of Quantity Value Number of Quantity Value 
consumers (million (thousands) consumers (million (thousands) 


(thousands) cubic feet) 3 (thousands) cubic feet) 3 


New England: 
Connecticut 


Middle Atlantic: 
New Jersey 
New Vork 


Michigan 
Ohio. cec 


Georgia 
Maryland and Dis- 
triet of Columbia 
North Carolina 
South Carolina 
Virginia 


Total -__- 
East South Central: 


Colorado 


See footnotes at end of table. 


367 


1,571 


1,572 
3,852 
2,212 


7,636 


2,494 
4,318 


542 


29,048 


4,910 
78,451 
11,374 


123 , 783 


145, 487 
331.326 
295,027 


771, 840 


434.065 
156,699 
333,264 
456,414 
101,124 


1,481,566 


7,661 
12,906 


508 , 627 


7,475 
11,636 
87,879 


84,406 
27.784 
18.162 
46, 663 
56, 366 


340,371 
54,804 
83,815 
30,233 
45,396 


214,248 


437,325 


28,426 
81,068 


$52,751 


9,671 
145, 527 
20,246 


228,195 
269, 738 


455,242 
347,837 


1.072, 812 


436,235 
146,984 
327,932 
397,080 
117,405 


1,425,636 


449,046 


11,242 
28,915 
89,285 


119,944 
34,758 
24,155 
66,495 
49,489 


424,283 
59, 736 
67,052 
26,605 
40,221 


193, 614 


61,754 
198,434 


363 , 787 


29 , 478 
55,613 


27 


9,231 


1,832 
27,305 
3,596 


41,964 


33 , 542 
109,943 
87,418 


230,903 


183,180 


261, 738 


2,526 
20,004 
36,784 


30,963 
16,355 
11,526 
23,052 
18, 266 


159, 426 


35, 490 
32, 741 
15,124 
37,726 


121,081 
97,857 
32, 680 
36,217 
92,071 

198,825 


16,719 
50,843 


$14,170 


2,878 
39 , 783 
293 


62, 124 


46, 925 
136, 659 
81.124 


264, 708 


132,622 
55, 524 
104, 324 
117,310 
38,125 


447, 905 


164, 576 


8,092 
21,584 
25,604 


35,027 
17,565 
10,604 
20,144 
12,896 


150,116 


11,121 


19,042 
15,523 
18,652 
51,468 


104,685 


10,951 
28,116 
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to consumers by type of consumer and by State, 1969 


Industrial ! Electric utilities Other consumers ? Total 
Quantity Value Quantit Value Quantity Value Quantity Value 
(million (thousands) (million (thousands) (million (thousands) (million (thousands) 
cubic feet) 3 4 cubic feet) ? 5 cubic feet) ? cubic feet) ? 
15,651 $15,933 290 $98 3,204 $3,576 57,424 $86 , 528 
1,948 a doLansatis 506 395 9, 196 14,607 
22,257 21,723 5,494 1,846 2,516 2,312 186 , 023 211,191 
6,170 5,085 1,148 418 254 835 22, 537 31.327 
46, 026 44, 354 6,927 2, 862 6, 480 6,618 225, 180 348 , 653 
76,953 52,790 47,263 15, 975 968 809 304,213 386 , 282 
113,561 72, 906 107, 260 40, 866 18, 339 16,377 680,429 722, 050 
340, 840 187,462 7,188 2,444 8,802 6,575 788,775 625,442 
531,354 313,158 161,711 59,285 21,609 23,761 1,728,417 1,788,724 
858,731 165,016 81,355 25,220 5,826 2,068 1,063,157 761,161 
269,736 112,750 20,558 6,023 2,748 1,932 19,407 323,213 
286,856 150,026 15,566 5,822 2,214 1,408 765, 748 589, 512 
367, 679 195, 238 17,477 6,746 19,788 14,069 1,016,942 730,443 
128,385 68,686 91,384 11,110 11,800 3,882 3,208 239,208 
1,411,387 691,716 166,340 54,921 42,376 23,8959 3,678,462 2,648,537 
90,674 28,200 67,848 18,528 742 267 302, 441 167,417 
156,913 37,816 160, 684 43, 545 7, 526 2,115 465, 979 164, 550 
2, 765 36, 735 64,117 16,414 24,512 11,643 322, 694 202, 462 
100, 821 37, 405 57, 612 14, 178 11,801 , 576 389,230 238 , 052 
50,308 15,896 45,179 12,063 11,671 3,861 196, 686 97,870 
2,805 1,004 75 26 525 314 17,985 13,084 
6,269 1,975 3,435 1,041 2,184 998 33,811 22, 777 
500, 550 159, 031 398, 950 105, 785 58, 961 22,274 1,728,826 900,712 
11,967 6,773 8,895 oL Mp 25,863 22,420 
90,481 82,302 180,307 65,091 4,717 1,425 307, 145 149,317 
142,965 54,041 ,8 ,927 2,286 1,628 304,697 180,485 
40,926 27,543 6,541 2,067 3,711 8,317 166,547 187,898 
70,189 85,516 8,339 2,869 8,169 5,867 130,886 96,075 
77,946 82,659 28,927 8,910 1,412 631 137, 973 76, 959 
42,284 21,142 4,482 1,282 4,103 2,560 120, 584 115,228 
91,182 41,305 759 238 8,268 2,271 169,841 106,199 
567,940 251,281 268,083 91,697 27,666 17,199 1,368,486 934,576 
173,508 56,043 14,757 8,822 1,785 774 280,344 140,178 
65,639 29,209 7,018 1,9836 9,193 5,258 198,401 125,359 
123,854 84,431 89,632 24,111 2,548 977 261,386 94,941 
117,205 43,366 18,289 4,250 3,843 1,685 221,909 116,069 
480,206 163,049 129,641 84,119 16,864 8,644 962,040 476 , 547 
147, 927 39, 849 85, 155 22, 055 2, 105 674 831,366 122,412 
,897 206,274 316, 965 68,781 21,380 5,141 1,417,887 858,026 
116,260 28,949 196,060 389,604 4,984 2,117 428 , 781 151,076 
1,714,167 941,119 973 , 423 214,158 48,783 13,074 3,049, 172 ; 
2,942,251 615,691 1,571,603 344, 593 77,152 21,006 5,227,156 1,449,762 
58,654 24,635 56,966 19,141 7,782 3,354 168, 547 87, 559 
86,682 28,281 48,021 10,853 1,413 507 268 , 027 118 ,820 
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Table 5.—Quantity and value of natural gas delivered 


Residential Commercial 
Region and State Number of Quantity Value Number of Quantity Value 
consumers (million (thousands) consumers (million (thousands) 
(thousands) cubic feet) ? (thousands) cubic feet) ? 
Mountain— Continued 
Idaho 69 6, 980 39, 563 11 5, 325 35, 320 
Montana 133 21,463 18,973 19 14,239 9,170 
Nevada 64 6,297 „357 4 4,577 4,197 
New Mexico 223 28,061 25,536 23 15,091 9,326 
Uta gn 236 43,948 86,477 16 9,425 5,457 
Wyoming...........- 14 16,592 11,299 12 12,502 5,726 
Total! 1. 724 282,885 196,296 189 128,721 78,268 
Pacific: 
Alaska. ...........- 14 4,573 6,937 4 5,218 5,108 
California 5, 515 562,127 521,654 857 202, 946 140, 033 
regon 182 20, 507 30, 576 23 9,965 12,675 
Washington 251 30, 479 41. 512 32 16, 943 18,807 
Total__ sc 5,962 617,686 600,679 416 235,072 176,623 
Total United States. 38,096 4,728,281 4,904,348 8,222 1,954,523 1,526,121 


t Includes refinery fuel use. 


? Includes deliveries to municipalities and public authorities for institutional heating, street lighting, etc. 
3 Quantities in million cubic feet at 14.73 psia. 
* Includes 98,251 million cubic feet used for carbon black production. 


$ Source: Federal Power Commission. 
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to consumers by type of consumer and by State, 1969—Continued 


Industria] ! Electric utilities Other consumers Total 
Quantity Value Quantity Value Quantity Value Quantity Value 
(million (thousands) (million (thousands) (million (thousands) million (thousands) 
cubic feet) 3 * cubic feet) * 5 cubic feet) ? cubic feet) ? 
25,485 $11. EECHER 1,288 $711 89,078 $26,909 
81,917 , 188 1,520 $857 2,8 949 71,498 40,287 
9,796 4,829 19,848 7,977 8,627 1,969 44,140 28,829 
67,191 16,865 54,170 15,113 18,589 4,199 178,102 71,089 
60,689 17,767 8,528 967 17 11 117,557 60,679 
42,665 10,282 2,475 527 1,567 881 75,801 28,215 
883,029 119,712 186,528 54,985 81,687 12.081 962, 745 461.287 
18, 653 4,942 6,618 2,177 5,800 2,058 85,862 21,217 
589,750 281,182 589, 531 195, 724 8,915 1,742 1,948,269 1,090,885 
53,271 22,800 464 II. <S 84,207 66,222 
92,8385 36% ͤ ͤ A 228 103 139,980 96,894 
749,009 295,396 596,613 198,072 9,938 8,898 2,208,818 1.274, 668 


7,611,752 2,658,888 8,486,891 945, 769 298,688 188,840 18,079,680 10,218,466 
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Table 8.—Estimated proved recoverable reserves of natural gas in the United States 
as of December 31, 1969 


(Million cubic feet at 14.73 psia at 60? F) 


State Nonassociated Associated- Underground Total 
dissolved storage! 

Alaska? AME ONES 4,882,363 319,780 .........- 5,202,143 
II/; chee y AE a i. 2,466,209 129,347 37,217 2,632,773 
California EE 2,857,084 3, 826, 608 187,254 6, 870, 946 
ee. ˙:r mu ud es: 1,454,043 122 , 932 19,311 1,596,286 
LL too tO 1,070 16,238 320,504 337,812 
EH, EE 1,646 5,341 70,574 77,561 
Kansas... d ee Dl 13,671,686 361,681 91,758 14,125,125 
Kentucky. —— e e pev mcd dde 817,257 53,263 50,000 920,520 
Louisa gs ede Eee Sl C mque 69,429, 161 15,514,268 113,210 85,056,639 
Michigan... n F 73, 268 82, 186 595, 510 750, 964 
Mississippi- e E edet 1. 124, 539 281,022 5, 337 1,410,898 
Mt SZ Rn Sees eedem cas 799,770 147,927 162,511 1,110,208 
Nebraska __ Li eet 88 26,934 13,204 16,456 ,594 
New Mexico_.........-----..------------------ 11,147,421 3,124,818 9.264 14,281,503 
New York ee Ee 22,371 151 98,018 120,540 
North Dakota. ` lll Lll l.l... 5,737 642,827 _ ß 648,564 
BEE 280,348 112,031 416,914 809,293 
Ghee ⁵³ m DEUM 13,870,792 3,515,459 206,946 17,593,197 
Pennsylvania „ 791, 804 13, 534 498,569 1,303,907 
OK GS LM" 82,060,656 30,237,370 94,596 112,392,622 
ö; oA ͤ ͤ . u LEE 644, 180 445, 276 1.312 1,090,768 
hbro NOIRE En CJ u ` EE ee 31,438 
West Virginia... sco xe rone S GewE WE 2,050,917 58,044 338,363 2,447 ,324 
WYOMING usu ee e 3,295,851 599, 089 42,105 3,937,045 
Other staee. ume EOsiee 66,737 11,248 226,180 304,165 

TOV) HEEN 211,873,282 59,633,644 3,601,909 275, 108, 835 


! Gas held in underground reservoirs (including native and net injected gas) for storage. 

? Reserves on certain portions of the North Slope of Alaska are not included because the A.G.A. Reserves 
Committee did not have sufficient data upon which it could base an estimate of proved reserves for this area 
as of December 31, 1969. 

3 Includes offshore reserves. Total remaining recoverable natural gas reserves in the Gulf of Mexico are esti- 
mated to be 35,306,705 million cubic feet, of which 30,349,309 million cubic feet are nonassociated, and 
4,957,896 million cubic feet are associated-dissolved. As of this date the ultimate natural gas reserves in the 
Gulf of Mexico are estimated to be 48,607,745 million cubic feet; of which 40,921,160 million cubic feet are 
nonassociated, and 7,686,585 million cubic feet are associated-dissolved. 

a: Baa Alabama, Arizona, Florida, Iowa, Maryland, Minnesota, Missouri, South Dakota, Tennessee, and 
ashington 


Source: Committee on Natural Gas Reserves, American Gas Association. 


Table 9.—Estimated productive capacity of natural gas in the United States, 
December 31, 1969 


(Million cubic feet per day) 


Productive capacity Productive capacity 
State — — State — 
Non- Asso- Non- Asso- 
asso- ciated- Total asso- ciated- Total 
ciated dissolved ciated dissolved 
Alaska... 450 93 543 New Mexico 3,644 1,226 4,870 
Arkansas 760 74 834 New Vork 131 13 
California 1. 1,649 1,095 2, 744 North Dakota 1 123 124 
Colorado 430 49 479 Ohio 135 31 
Illinois. 10 10 Oklahoma CEDE: 8,929 2,223 11,152 
Indiana. ....-- 4 4 Pennsylvania..... 215 4 219 
Kansas 7,968 359 8,327 Texas II. 27, 837 9,916 37,753 
Kentucky........ 225 15 240 Uta gn 137 68 205 
Louisiana 111i 24, 797 5,097 29,894 Virginia 9 — 9 
Michigan 91 56 147 West Virginia 704 20 724 
Mississippi....... 519 123 642 Wyoming 1,117 286 1,403 
Montana 176 67 243 Other States 2 20 4 24 
Nebraska 15 10 25 — — — aa 
Total. 79,841 20,953 100,794 


1 Includes offshore. 
2 Includes Alabama, Arizona, Florida, Iowa, Maryland, Missouri, South Dakota, Tennessee, and Washington. 


Source: Committee on Natural Gas Reserves, American Gas Association. 
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Table 10.—Underground storage statistics, December 31, 1969 
(Million cubic feet at 14.73 psia at 60° F) 


Total gas Total 
State Pools Wells in storage reservoir 
reservoirs capacity 

AT KANSAS on ³o eee Gil Soe oe 7 80 13,004 40,182 
i ³ĩð2ʃ]ſ ³ d eu cut 8 6 160 111.899 289,007 
% d ⁰ oD DH 3 41 11,462 23,523 
SIE, EE 23 1,119 309,311 557,960 
Indi)... ⁰ MEE. 26 794 55, 125 144, 561 
1;»ö%;ẽ ]˙Ü mr a Z u Ed 7 248 133,981 187, 568 
FCI ³ ³¹˙ AAA susu Sua u ee 16 744 77,881 106,034 
Kentucky. eege en 17 859 29, 674 64, 905 
Füilnlllll ³ 4 93 84,457 165,079 
Maryland- a ctllu ³˙ VA d LLL Le 59 23,606 64,770 
Michigan a u ee 30 2,105 323 , 702 694 , 063 
Minds ð - rk O a ARE 1 16 813 813 
ee ß . Duss a 2 23 4,837 6, 906 
JJ ²˙ AM ĩðâZy ĩᷣ . ĩͤ 4 8 1 70 25, 592 45, 000 
Nö ³¹dſſͥͥſſſ A LE EE E 6 133 122, 773 186, 752 
MT dd e ese tes 1 15 397 39, 270 
New Mee —²¹B 3 35 2,400 58,650 
New York- EE 15 893 89, 793 109, 723 
Ohio cec dno Dl LE 21 2,728 335,561 492,652 
Oklahoma... E oe ee eee eee 11 185 189,814 309 , 056 
Pennsylvania eee 63 2,117 478,835 706,581 
J/%•%%%C%ô⁵o ol MM... 888 17 164 65,454 118, 063 
/;;ͤ;ẽĩO! ² ] ] ⁵⁵ xx ß ß 8 1 8 1.312 1.312 
Washington EE 1 46 9,732 25,000 
Nen oK 34 1,208 316,574 412,726 
WY VOW enee 3 11 29,170 76,628 

PJ ³Ü¹w9ůuA.m. y 320 13,924 2,852,159 4,926,784 


Source: American Gas Association. 


Table 11.—Gas wells and condensate wells in the United States 


Completed Producing Completed Producing 


State during Dec. 31, during Dec. 31, 
1968 1 1968 1969 1 1969 

PIB ORIG V.. ³ ³ A 8 1 1 1 1 
Alaska. ccs d a t doe ie 7 18 11 44 
EEN EE ee 4 2 4 
III 2c ³¹wm A unas 2 46 947 40 998 
Callón eegene 77 994 59 897 
%%% ] ] ͤ d Sun ua T S 50 810 47 805 
RK, ſdſlhüũ ³ ⁵³ A Susa 1 5 5 5 
I!; ace sha ĩ⅛ͤ Ku ĩͤ v hu 8 14 265 7 263 
eh ET .-.02f..2l2 2 Seah eure chorale a É 90 8,509 184 8,567 
ne,, ß e es 205 6,290 142 6,413 
Doua ß ß ruine 537 9,163 543 9,354 
Maryland e.a. ³¹¹²³ (t ͥ odd cura `` eile 15-. — an 
Michigan beet 28 199 15 211 
III ³o¹www ð 12 347 16 322 
III! ³¹Wwwmq½ sa ð K E VLC. JJ. 11 
Montani- ³ð¹¹ſAſͥ ³⁰ ²ſ a ( Du 40 r 1,196 31 1,098 
heo]. —————————— ——— mdr y P € 
New ee ⁵ ð§2y / ð 150 8,754 263 9,100 
h/ —T—T—dddTVT—T—T—T——— eee es 10 1,155 12 8 
North Dakge᷑t.........d a 19 |  ..... 33 
e etm dee 230 r 1,211 395 7,334 
Oklahoma m ce alae use EEN 370 8,337 397 8,432 
Funn n ewe dex ise 253 17,000 277 16, 600 
NK EE 6 23 7 26 
RK TEE 763 23,805 903 23,689 
(H BEE naa uma a, 165 16 7 
III; ²ĩ˙inſf.ii: "T 11 i 111 
Gf /h 8 522 18,214 652 18,600 
W VOMING EE 39 787 57 521 

r es are A LL E 3,456 r 114,391 4,083 114,476 

r Revised. 


1 From data compiled by the American Association of Petroleum Geologists and American Petroleum 
Institute. 


NATURAL GAS 743 


Table 12.—Natural gas stored underground in and withdrawn from storage fields 
(Million cubic feet at 14.73 psia) 


1968 1969 
State ee 
Total Total Net Total Total Net 
stored withdrawn stored stored withdrawn stored 

Alabama. A -= 586 509 27 577 48b 142 
Arkansas 3 ĩ ML 8 1,210 854 356 1,168 507 661 
California.. 58,085 62,631 —4, 546 77,617 64,590 13, 027 
Colorado. -..--------------------- 6,849 6,850 —1 „663 8,12 
Delaware. 1, 500 1,255 245 179 878 —699 
Hines Tua. 143,180 97,146 46,034 153,497 105,337 48,160 
nail ml0nerze65o 26,679 24,906 1,778 26,483 22, 885 4, 098 
1 ⁰ ³ð 8 57,082 54, 574 2, 508 43,037 45,8948 —2, 306 
Kansas. s 44, 524 41, 190 3, 334 ; 50,140 632 
Kentue.k:xkkkkk vi id 28,993 28,049 944 81,726 27,966 8,760 
Louisiana... ....................-- 33,087 22,799 10,238 58,758 48,521 15,232 
Maryland... -..-._..--.----_---.--- 10,520 6,235 4,285 5,281 9,417  —4,136 
Massachusetts 667 102 314 567 —253 
Michigan 255, 365 250,874 4,491 257,737 260,981 —3, 244 
Mississi ppl. 6, 904 6, 710 94 ; ; —905 
Missouri 8,919 10,167 —1, 248 9,044 9,909 —865 
Montana.. 17,398 8,009 9, 20,409 10,854 9,555 
Nebraska... . -22-i 2,959 8,764 —805 4,838 8,526 1,312 
New Jersey... /d 975 968 7 1,281 1,075 206 
New Mexico 74 60 14 883 165 218 
N 44,978 45,482 — 504 41,874 39, 148 2, 726 
Gr OSO cU SSS Su EE 169,955 158,914 11,041 168,142 172,078  —3,936 
Oklahoma. ...............-......-- 46,871 36,464 10,407 53,945 37,786 16,159 
Pennsylvania 235,415 235, 570 —155 244,892 240, 373 4,519 

GnnepgeE -MMMM 2,140 1,906 J)” d EE 
777% A ma 2 31, 597 94,242 —2, 645 33, 943 30, 582 3,361 
LR NEE 640 611 29 580 867 213 
Mill aE 272 104 168 2, 143 134 2, 009 
Washington 974 974 2.a 1,827 735 1,092 
West Vireinig 181,338 182,982  —1,644 183,114 181,142 1,972 
Wvoming.. 5,337 4,070 1,267 6,695 8,021 8,674 


/ u s us. 1,425,075 1,329,536 95,539 1,496,407 1,379,488 116,919 
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(Million cubic feet at 14.73 psia) 


Gross withdrawals 


State 
From gas From oil 
wells wells 
1968 
I.öͤ;ö; ñm˙mꝶůI—I——t. 48,933 50, 370 
Arkansas 110, 898 51,257 
Caiifornig 2... 505,605 811,320 
, e E aal ow 93 , 556 36,027 
miss egies eee 183 4,299 
Indiana... 2. ð mec ES 284  ......... 
BEIER ere 690,216 149,557 
Kentucky. uos ³ A 88 88,70 330 
Louisiana... 5,623,961 1,153,555 
Maryland. ...................... 864 ......... 
Miehga nas 24,151 19,779 
Mississipp iii 136,972 34,645 
Montana _.. s ch er 11,208 21,021 
Nebraska... . . . 5,681 8,648 
New Mexico 873,211 297,313 
New k K 4, 6222 
North Dakota ... . 225 62,848 
G ³ A 8 33, 742 8,931 
Oklahoma m 1,225,620 880,957 
Pennsylvania... 87,627 680 
KEE 6,477,441 2,088,647 
Fl tecum tet 20,44 58,856 
Vitinia iuc ele Zeene reed 3389 
West Virginia 234, 361 3,380 
Wvoming. 231,156 46,760 
Other States 3322 907 8 
%% pU Led 16,539,925 4,785,075 
1969 
Alaska. ĩ˙ÜW !! ee E 77, 816 71,831 
Ann.. 8 119, 230 56, 105 
California 294,026 473,316 
Colorado... eege 92,133 31,204 
IIIS... tere 158 3,735 
Indiana... A F 
n, . ek 744, 631 142, 972 
Kentucky. . esc s 81,086 218 
Louisiana................-....-.- 6,305,897 1,255,130 
Maryland 2c Ee SSS oocecisa 
Michigan 22,285 16,405 
Mississippi 133,105 35,609 
Montang `... ---------------- 37,163 30,901 
Nebraska 4,739 2,677 
New Mexico 837,521 305,073 
New York... suro km m 22 Z sus 458611 
North Dakota aa 127 56,415 
EI ee ĩ AAA ANE 38,540 11,253 
Oklahoma. aK. 1,356,766 384,911 
Pennsylvania 78,683 
TEXAS z ³·¹ðlꝛͥ˙¹¹ õoK T 6,800,882 2,113,912 
!!! § . mA tusu ceti 21,510 53,657 
lil diena aaia d 
West Virginia 229, 815 2, 556 
Wyoming 280, 572 62, 426 
Other States z 1,794 791 


Total! 


21,325,000 


149,647 


Marketed 
production 


19,322,400 


90,864 


Disposition 


Repres- 
suring 


57,702 


950,096 


— — S S us 17,489,415 5,189,780 22,679,195 20,698,240 1,455,205 


1 Marketed production plus quantities used in repressuring, vented and flared. 
2 Partly estimated; includes direct losses on producing properties and residue blown to the air. 
3 Alabama, Arizona, Florida, Missouri, South Dakota, and Tennessee. 


Table 13.—Gross withdrawals and disposition of natural gas in the United States 


Vented 
and flared? 


— e» ep em — wm 
- mm ep — — wm 
e» em — a» o w = 
em =< o e — 


8,097 


525,750 
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Table 14.—Marketed production of natural gas by countries 


(Million cubic feet) 
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Country 1967 1968 1969 » 
North America: 
Barbádo8.. 22. . e ud ail aa s e 100 108 
Canada 23560 ] eee mwm. schoo sowie 1,471,725 1,692,801 1,985,281 
E . e d Rec , 502 285,430 8,057 
Trinidad C E 51,494 51,594 53,213 
United Stats 18,171,325 19,822,400 20,698,240 
South America: 
C17 ⁵«² . AAA LL uum E ut 169,259 188,806 188,138 
Bolivia EEN 400 400 
Brazil5:. ß e LU 2 6,000 7,000 8,000 
Lë TEE 88,000 83,500 88,500 
Slemnn cee coe cece sees ed Er Sa 37,721 88,247 44,767 
Ecusdoré-. U ß e oe ZZ 550 500 500 
POT ee e 16,500 16,803 17,453 
bici D REM" ——-———o--——————— 2 TD 292,655 801,197 814,086 
Europe: 
Sth a PEE EE A EA E AAEE m0 uc e a LL LE 68,468 57,562 52,871 
ROOM EE r 85,000 84,000 83,000 
bod Ld aa D C RR 8 196,318 201,293 229,500 
Germany; VC 148,474 204,321 289,129 
II! eo ce eon ⁰⁰⁰⁰ r eee 72,218 5,081 109,333 
1C11/;!ĩõĩ5ͤi ³ð ⁵ ͤ d ⁰⁰⁰ te 323,671 367, 729 416,711 
Netheriands —-——.—ÁÁ——— x PHÓ 253,731 514,172 773,1 
Poland EE 55,878 0,264 137,250 
io rg! MEME ³ ee 559,525 174,928 850,618 
U SSE: EE 5,600,880 6,038,690 6,380,000 
United Kingdom. ........................ l.l -2-l2.2. 16,664 71,851 178, 673 
h ð m 16,313 20, 615 25, 784 
Africa: 
RT TEE 76,226 85,669 105,408 
PPP ee See 611 879 863 
MOfPO600... EE 879 882 1,484 
Nigera j ͤ0“4ve 5,424 5, 190 2.218 
TUDIN. e etes t xz : EE 338 e 850 
id United Arab Republic 0 2,000 2,000 2,500 
1a: 
Afghanistan geeiert et 76 53,000 72, 000 
H REENEN 8 re 8, 500 e 9,000 10,906 
Fü ⁰i G[ͤ y 88 e 8,000 7,580 e 7,600 
e ß TEN 16,439 21,347 25, 758 
F ðB/ e 22 000 24, 066 30, 161 
))))/CCöõü 00 ³ĩðV³AA ³WA. RM 51, 784 „534 98,201 
J7õͥõͥõĩͤͤ“ ß ue dei E ef 18,191 27,293 81,139 
Israel. ee cl oe Se wee ĩ ͤ Sob cee 8,85 5,015 , 878 
AT EE 66,734 72,617 71,890 
TW ol ee km ⁰ tae e 90,000 114,750 129,273 
B Arabia Neutral Zone -------- 8,500 ,000 ,400 
pd epp cerne ĩ»VLò ĩðͤ ß 8 83,288 91,525 116,923 
EE e 8,500 e 4,200 , 290 
Saudi Arabia... co ͤGG“! s. 8 e 45, 000 e 50, 000 93, 826 
JV%%%%%%Vy%/yf%́hW;k 0 mu M a su kus 18,616 24,877 81,553 
Oceania: 
Austral. EE 152 216 9,375 
New Zealánd.. oo eee ee 8 4 8 
CAU ↄ AA ³¹¹d DU D LU M Zl 22 28,397,772 81,071,657 83,999,154 


e Estimate. » Preliminary. r Revised. 
1 Including gas for repressuring. 


NOTE.—The data relate, as far as possible, to natural gas actually collected and utilized as fuel or raw 
material. They exclude gas used for repressuring (except where otherwise noted), as well as gas flared, vented, 
or otherwise wasted, whether or not it has first been processed for the extraction of natural gas liquids. 


Digitized by Gooqle 


Natural Gas Liquids 


By William B. Harper and Leonard L. Fanelli 2 


Reflecting the continued growth in pro- 
duction of natural gas, and to meet de- 
mands for ethane in chemical manufac- 
ture, for propane in both chemical 
manufacture and fuel use, and for butane 
and natural gasoline in gasoline blending, 
the output of natural gas liquids rose to 
580.2 million barrels in 1969, a 30-million- 
barrel or 5.4-percent increase over that of 
1968. The total value of this production, 
however, declined to $1,102 million, which 
was nearly $22 million below the value for 
1968. This decline was attributable primar- 
ily to a softening of prices for liquefied 
petroleum gases from $2.04 per barrel to 
$1.90 per barrel. 

Natural gas liquids are products ob- 
tained from natural gasoline plants, cycling 
plants, and fractionators after separating 
the natural gas. Included are ethane, the 
liquefied petroleum (LP) gases (butane, 
propane, and butane-propane mixtures), 
isobutane, and other mixed gases. Also, in- 
cluded in the output of these plants are 
natural gasolines, plant condensate, and fin- 
ished products such as gasoline, special na- 
phthas, jet fuel kerosine, distillate fuel oil, 
and other finished products. 

Shipments from natural gas processing 
plants of ethane in 1969 totaled 63 million 
barrels, nearly 38 percent above the vol- 
ume shipped in 1968. Shipments of LP 
gases of 332.6 million barrels were 13.5 
percent higher than in 1968. Natural gas 
liquids used as blending material in gaso- 
line, totaled 264.6 million barrels, an in- 
crease of 2 percent. 

These data presented in this chapter are 
compiled from reports submitted by natu- 
ral gasoline plants, cycling plants, and 
fractionators that handle natural gas liq- 
uids and include all natural gas liquids ex- 
cept the small volume. recovered at pipe- 
line compressor stations and gas de- 
hydration plants. Such recovery is con- 
sidered to be of little significance in the 


1Mineral specialist 


national and State totals. Plant condensate 
is included in the category of natural gas 
liquids. Field condensate, however, is re- 
ported with crude oil and is excluded 
from the total for natural gas liquids. 
Also, ethane and liquefied gases such as 
butane and propane, are derived from cer- 
tain refinery processes. 

Annual reports were recéived from all 
producers and distributors and from most 
of the dealers that sell more than 100,000 
gallons of LP gases annually. To reflect 
tota] shipments, the sample of dealer ship- 
ments was expanded by Petroleum Admin- 
istration for Defense (PAD) districts on 
the basis of domestic demand in the dis- 
tricts. 

Data on shipments of LP gases, normally 
reported in this chapter, were not avail- 
able at the time of publication and will be 
published in the Mineral Industry Survey 
"Liquefied Petroleum Gas Shipments, An- 
nuals.“ | 

For the purpose of this chapter, lique- 
fied gases and ethane, whether obtained 
from natural gas or from processing in re- 
fineries, are defined as follows: | 

Ethane.—Includes ethane only. All other 
LP gases mixed with ethane are reported 
in their respective product classification. 

Propane.—Includes all products covered 
by Natural Gas Processors Association 
(NGPA) specifications for commercial and 
HD-5 propane. 

Butane-propane.—Includes all products 
covered by NGPA specifications for com- 
merical butane propane mixtures. 

Butane.—Includes all products covered 
by NGPA specifications for commercial bu- 
tane, except those that contain 80 percent 
or more isobutane. 

Isobutane.—Includes all products covered 
by NGPA specifications for commercial bu- 


(petroleum), Division of 


Fossil Fuels. 
. ? Survey statistician, Division of Fossil Fuels. 
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tanc that contains 80 percent or morc iso- 
butanc. 

Isopentane.—Includes scgregated isopen- 
tanc. | 

Natural Gasoline. —Drcakdown by vari- 
ous Reid vapor pressure classifications in- 
dicated. 

Plant Condensate.—Includes those liq- 
uids mostly pentanes and  heavicr, rc- 
covered and scparated at raw natural gas 
inlet separators and scrubbers. 

Gasoline.—Includes all products within 
the gasoline range for shipments as motor 
fuel. 

Special Naphtha.—Includes all hexanes 
and heptanes. 

Jet Fuel.—Includes all aviation turbine 
engine fuel for both military (JP-4 and 
JP-5) and commercial usc. 

Kerosine.—Includes all grades of kerosinc 
or rangc oil. 

Distillate Fuel Oil.—Includes all light 
oil for shipment as fuel, including diesel 
fucl oil. 

Other Products.—All products not other- 
wise classified. 

Production of natural gas liquids is re- 
ported by States, although data for Louisi- 
ana and Texas are also reported Dy 
districts. 

Louisiana is divided into an Inland dis- 
trict and a Gulf Coast district. The Gulf 
Coast district includes Veron, Rapides, 
Avoyelles, Pointe Coupee, West Feliciana, 
East Feliciana, Tangipahoa, St. Helena, 
and Washington Parishes (counties) and 
all parishes in the State south of these. All 
parishes not included in the Gulf Coast 
district are in the Inland district. 

The Bureau of Mines producing districts 
in Texas correspond, with one exception, 
to grouping of the Texas Railroad Com- 
mission districts: 


Bureau of mines districts 
Railroad Commission districts 


Gulf Coast Nos. 2 and 3 

West Texas Nos. TC, 8 and 8A 

East Proper Part of No. 6 (East Texas 
field in Cherokee, Smith, 
Upshur, Rusk, and Gregg 


Counties) 
Panhandle............. No. 10 
Rest of State: 
North. ..........- Nos. 7B and 9 
Central........... No.1 
South... 2. No. A 
Other East Texas... Nos. 5 and 6 (exclusive of 
East Proper) 


Refineries are also grouped by the Bu- 
reau of Mines into a set of refining dis- 
tricts. These refining districts may be 
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combined to correspond with the Petro- 
lcum Administration for Defense districts. 
PAD district Refining district 

].— East Coast.—District of Columbia, 
Mainc, New Hampshire, Vermont, 
Massachusetts, Rhode Island, Connecti- 
cut, New Jersey, Delaware, Maryland, 
Virginia, North Carolina, South Caro- 
lina, Georgia, Florida, the following 
counties of New York: Cayuga, Tomp— 
kins, Chemung, and all counties east 
and north thereof, and the following 
counties of Pennsylvania: Bradford, 
Sullivan, Columbia, Montour, Nor— 
thumberland, Dauphin, York and all 
counties cast thereof. 

1—Appalachian No. 1—West Virginia 
and those parts of Pennsylvania and 
New York not included in the East 
Coast district. 

2.—Appalachian No. 2—The following 
counties of Ohio: Erie, Huron, Craw- 
ford, Marion, Delaware, Franklin, Pick- 
away, Ross, Pike, Scioto, and all coun- 
ties east thereof. 

2.—Indiana-Illinois-Kentucky — Indiana, 
Illinois, Kentucky, ‘Tennessee, Michi- 
gan, and that part of Ohio not in- 
cluded in the Appalachian district. 

2.—Oklahoma-Kansas-Missouri — Okla- 
homa, Kansas, Missouri, Nebraska, and 
Iowa. 

2 —HMinnesota-Wisconsin-North Dakota- 
South Dakota—Minnesota, Wisconsin, 
North Dakota, and South Dakota. 

3.—Texas Inland—Texas, except Texas 
Gulf Coast district. 

3.—Texas Gulf Coast—The following 
counties of ‘Texas: Newton, Orange, 
Jefferson, Jasper, Tyler, Hardin, Lib- 
erty, Chambers, Polk, San Jacinto, 
Montgomery, Galveston, Waller, Fort 
Bend, Brazoria, Wharton, Harris, Ma- 
tagorda, Jackson, Victoria, Calhoun, 
Refugio, Aransas, San Patricio, Nueces, 
Kleberg, Kenedy, Willacy, and Cam- 
eron. 


3.—Louisiana Gulf Coast—The following 
parishes of Louisiana: Vernon, Rap- 
ides, Avoyelles, Pointe Coupee, West 
Feliciana, East Feliciana, Tangipahoa, 
St. Helena, Washington, and all par- 
ishes south thereof; the following 
counties of Mississippi: Pearl River, 
Stone, George Hancock, Harrison, and 
Jackson; and Mobile and Baldwin 
Counties, Alabama. 
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PAD district Refining district 

3.—North | Louisiana-Arkansas—A rkansas 
and those parts of Louisana, Missis- 
sippi, and Alabama not included in 
the Louisiana Gulf Coast District. 

3.—New Mexico—New Mexico. 

4.—Rocky Mountains—Montana, Idaho, 
Wyoming, Utah, and Colorado. 

5.—West Coast—Washington, Oregon, 
California, Nevada, Alaska, Arizona, 
and Hawaii. 

Some data in the chapter are based on 
the Bureau of Mines refining districts, 
while others refer to the PAD districts. 
Maps showing the PAD and Bureau of 
Mines refining districts appear in figure 2 
of the Crude Petroleum and Petroleum 
Products chapter of this volume. 

Unlike 1967 and prior years, the format 
and content of table 1 no longer include 
supply and demand balances for that part 
of natural gas liquids relating to the fin- 
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ished petroleum products defined on the 
first page of this chapter. This is readily 
understandable as the relative importance 
of these finished products in terms of vol- 
umes and values is small—only 2 percent 
of the yield at natural gas processing 
plants and less than 4 percent of the 
value. 

Finished petroleum products lose their 
identity as “natural gas liquids” by being 
absorbed into the supply stream but infor- 
mation on production and on stocks is 
available in the Minerals Yearbook Chap- 
ter, “Crude Petroleum and Petroleum 
Products,” in the table captioned “Salient 
Statistics of the major refined products in 
the United States.” Also, these data are 
identified as to origin in table 2 of the 
Monthly Petroleum Statements, which are 
included in the Mineral Industry Surveys 
published by the Bureau of Mines. 


DOMESTIC PRODUCTION 


Production of natural gas liquids and 
ethane continued to rise in 1969 along 
with the expansion in the demand for nat- 
ural gas and ethylene. Production of natu- 
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ral gas liquids and ethane at natural gas 
processing plants in the United States to- 
taled 580.2 million barrels in 1969, which 
is 5.4 percent above the 1968 output. 
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Figure 1.—Production of natural gas liquids in the United States. 
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gasoline, distillate fucl oil, kerosine, specia 


In terms of physical volumes, there are 
four major categories classified under the 
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ethane produced at refineries in 1969. Liq- 
uefied petroleum gases accounted for 54 


is growing at the 


Ethane production 


fastest rate 


the natural gas liquids 


in 


Production of LPG at gas processing 


percent of the total output of natural gas 
plants increased moderately to 315.4 mil- 


liquids in 1969. 


group and in 1969 accounted for 11 per- 
cent of the total volume. In 1969, ethane 


lion barrels or about 3 percent. In addi- 
tion to this output there were 114.4 mil- 
lion barrels of liquefied petroleum gases 


from natural gas processing 


plants only, aggregated 63 million barrels, 
tion there were about 9 million barrels of 


a volume 37.6 percent larger than the 45.8 
million barrels produced in 1968. In addi- 


production, 


NATURAL GAS LIQUIDS 


produced at refineries in 1969. Of this 
total about 67 percent was propanc and 21 
percent butanc. 

Natural gasoline constituted 27 percent 
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of the natural gas liquids output in 1969 
and production in that year advanced to 
154.5 million barrels for a gain of 6.4 per- 
cent for the year. 


RESERVES 


Although the prolonged downtrend in 
well drilling was arrested in 1969, with- 
drawal of natural gas excceded additions 
to proved natural gas reserves by a wide 
margin, so that there was a nct decrease 
in reserves. Proved reserves of natural gas 
liquids at the end of 1969 aggregated 
8,143,174,000 barrels, which was 454.9 mil- 
lion barrels or 5.8 percent below the 1968 
level. 

Estimates by the American Gas Associa- 
tion's (AGA) Committee on Natural Gas 
Reserves indicated that declines in the 


PRODUCTIVE 


The AGA Natural Gas Reserves Com- 
mittee, also, cstimated that the productivc 
capacity of natural gas liquids in the 
United States was 3,161,000 barrels per day 
as of December 31, 1969. This estimate, 
about 100,000 barrels per day less than a 
year earlier, reflected declines in the pro- 
ductive capacities of Kansas, Louisiana, 
and Texas, which more than offset the in- 
creascs in the capacitics of New Mexico 
and Oklahoma. The productive capacitics 
of natural gas liquids in 18 States are 
shown in table 7. 

The productive capacity of natural gas 
liquids is defined as the amount of hydro- 
carbon liquids that would be produced 
coincidental with the estimated productive 
capacity of natural gas. At the same time 
it should be recognized that these csti- 
mates, which are based on the unit recov- 
crics of natural gas at normal producing 
rates, are purely theoretical: first, because 
the cstimates relate to increased produc- 
tion of gas from oil and gas wells operat- 
ing at their productive capacities. Actually, 
many wells are operating at rates below 
these capacities because of the absence of 
surface facilities; also, State regulations are 
a restrictive factor. 

Capacity and throughput of gas at natu- 
ral gas processing plants have expanded 
markedly over the past 5 ycars. Between 
1964 and 1969, for example, the capacity 
of gas processing plants has grown from 


proved reserves of 12 States, including Cal- 
ifornia, Louisiana, and Texas more than 
offset increases in Michigan, Montana, Mis- 
sissippi, Nebraska, Oklahoma, and Wyo- 
ming. While the drop in reserves is dis- 
turbing in itself it should be recognized 
that these reserve data make no provision 
for reserves in the new oil province on the 
North Slope of Alaska because of the non- 
availability of data the committee requires 
to make such estimates. Data on the 
proved reserves of 22 States are shown in 
table 6. 


CAPACITY 


55.7 billion cubic fcet daily to 67.9 billion, 
an increase of 22 percent. At the same 
time daily throughput rose from 42.1 hil- 
lion cubic fect per day to 56.2 billion or 
an overall growth of 33.5 percent, accord- 
ing to the Oil and Gas Journals annual 
surveys. 

Virtually all of this growth in through- 
put occurred in Kansas, Louisiana, New 
Mexico, Oklahoma, and Texas and, to a 
lesser extent, in Florida, Michigan, Mon- 
tana, North Dakota, and Wyoming. Con- 
versely, there have been decreases in the 
volumes of natural gas processed in Ari— 
zona, Arkansas, California, Missisippi, Col- 
orado, Kentucky, Nebraska, Ohio, and 
West Virginia. Comparisons of opcrating 
capacities and throughputs as of the end 
of 1964 and of 1969, in billions of cubic 
fect, are as follows: 


1964 1969 Percent 

change 

Number of plants 839 889 
Capacity... ee Seeerei 55.7 67.9 +22.0 
Throughput.............- 42.1 56.2 +33.5 


In recent. ycars, however, there has been 
a decided slowing in the addition of new 
capacity to gas-processing plants. The ncar 
68 billion cubic feet per day reported for 
the end of 1969 was only about 2 percent 
higher than in 1968. Throughput of gas 
processed averaged 56 billion cubic feet 
per day, as compared with 53 billion in 
1968, an increase of 5.6 percent. The stecp 
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er rise in throughput reflects technologi- 
cal improvements in processing but thc 
slowdown in additions to capacity are a di- 
rect result of the sharply reduced rate of 
natural gas discovery. Allowing for a lag 


DEMAND 


The volume of natural gas liquids 
shipped to refineries for blending and 
processing increascd nominally in 1969 to 
264.6 million barrels or about 2 percent 
above the 1968 levels. Included in the nat- 
ural gas liquids-for-blending category arc 
natural gasoline, LPG, and condensate. 
Condensate used at refineries for blending 
purposes declined to 34.4 million barrels, a 
volume 6.9 percent below shipments to re- 
fineries in 1968. Refinery inputs of LPG 
increased in 1969, in the use of isobutane 
and the butane-propane mixes. 

Natural gasoline accounted for nearly six 
out of cach 10 barrels of blending mate- 
rials used at rcfincries in 1969. During the 
year, 153.7 million barrels were used by re- 
finers, as indicated in the tabulation 
below. Data on the production, shipments, 
and stocks at natural gas processing plants 
is available, by months, in table 1. Also 
shown in this table arc data on 9.7 million 
barrels of finished petroleum products. 
More than half of this segment consists of 
motor gasolinc. Production, shipments, and 
inventories on jet fuel, distillate fuel oil, 
kerosine, and special naphthas as well as 
gasoline are shown also in table 1. 


1968 1969 Percent 

change 

Natural gasoline...... 145,275 153,698 +5.8 
Plant condensate. __ _ _ 98,548 34,427 —10.7 
LPG Z ese 12,652 72, 764 +0.1 
Total 256,475 260, 889 +1.8 


Excluding use at refincrics domestic de- 
mand for butane and propane for fuels 
and chemicals and ethane for chemicals 
aggregated nearly 326.2 million barrels in 
1969 as compared with 264.2 million the 
preceding year. A year to year comparison 
in millions of barrels, is as follows: 


Increase 
1968 1969 Volume Percent 
Ethane........ 45.7 63.1 17.4 +38.0 
Propane....... 178.4 209.7 31.3 417.5 
Butane........ 40.1 53.4 13.3 +33.2 
Total. 264.2 326.2 62.0 +23.5 


Ethane is used primarily as a chemical 
feedstock from which ethylene is produced. 
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between a rise in the price of natural gas 
and a revival in exploratory cffort to 
scarch for ncw gas, it appears rcasonable 
to expect a renewed interest in building 
new plant capcity over the near term. 


AND USES 


Over the 10-year period, 1960 through 1969 
inclusive, the recovery of cthane from nat- 
ural gas at gas processing plants has grown 
from 19.9 million barrels annually to 63.0 
million barrels in 1969. At the same time 
cthylene production from all sources has 
increased from 5,860 million pounds in 
1960 to nearly 13,150 million pounds by 
1968. Final figures for 1969 are not yet 
available from the United States Tariff 
Commission. 


Reflecting a severe winter, coupled with 
a strong demand for propane in the man- 
ufacture of chemicals, demand for propane 
in 1969 rose to 286.2 million barrels or 13 
percent. The major chemical use for pro- 
pane is as a fcedstock for ethylenc. 

Residential and commercial use includes 
private households and nonmanufacturing 
organizations such as rctail stores, rcstau- 
rants, hotels, and service companies. The 
category includes space heating, water 
heating, and cooking and accounts for 6 
out of every 10 barrels of propane con- 
sumed. In terms of LPG use, propane ac- 
counts for 90 percent of LPG shipments 
for residential and commercial use. De- 
tailed data on shipments of LPG by end 
use in 1969 will be available in the Bu- 
rcau of Mines Mineral Industry Survey, 
“Shipments of Liquefied Petroleum Gases 
and Ethane in 1969.” 

Isobutane was in strong demand in 1969. 
Some 26.9 million barrels were produced 
but demand outstripped production of iso- 
butane. Hence, it was necessary to draw on 
supplies in inventories. The principal use 
for the butanes, both normal and isobu- 
tane, is for gasoline blending. The hydro- 
cracking and the reforming processes yield 
propane, normal butane, and isobutane. 
Hence, as capacity in these types of refin- 
ing processes expand so will the produc- 
tion of the butancs in refineries. 


Between 1966 and the end of 1969, re- 
forming capacity has expanded from 22 
million barrels per day to 2.7 million per 
day or 22.7 percent. 


NATURAL GAS LIQUIDS 


Refining capacity on January 1, 1969, was 
11.7 million barrels per calendar day and 
gasoline production accounts for 5.5 mil- 
lion barrels per day. Of the gasoline pro- 
duction, cracking capacity made up 514 
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percent; reforming made up 36.9 percent; 
and alkylation made up 11.7 percent. An 
expansion in the production of lead-free 
gasoline could provide a strong stimulus in 
the demand for isobutane. 


STOCKS 


In sharp contrast with a year earlier, 
stocks at gas processing plants and refiner- 
ies of liquefied petroleum gas, exclusive of 
ethane, dropped from 73.9 million barrel 
at the end of 1968 to 57.4 million by the 
end of 1969, a reduction of 16.5 million or 
22 percent. Most of the decline, as indi- 
cated in table 10, occurred in propane 
where stocks dropped 12.9 million barrels 
or 27 percent. The combined stocks of the 
butanes. both normal and isobutane, which 
aggregated 25.5 million barrels at yearend 
1968, had been reduced about 3.4 million 
barrels or 13 percent by the end of 1969, 
as indicated in table 10. 


Some of the heavy drawdowns on pro- 
pane reflect the severe winter which caused 
consumption of this gas to rise sharply. In 
addition a strong demand for propane as a 
petrochemical feedstock in 1969 was an im- 
portant contributing factor as propane as 
well as ethane and heavier hydrocarbons 
can be used to obtain ethylene. Stocks of 
isobutane at natura] gas processing plants 
declined from 7,736,000 to 6,854,000 barrels 
at the end of 1969 as demands for chemi- 
cal use and refinery use outstripped pro- 
duction. 


PRICES AND VALUE 


Although the value per barrel of natural 
gas liquids stiffened markedly in the final 
quarter of 1969 a soft price structure pre- 
vailed most of the year. As a result, the 
overall price of the five segments in the 
natural gas liquids category declined from 
$2.04 per barrel to $1.90 or 6.9 percent. 
The sharpest decline occurred in LP gases 
and ethane, as indicated in table 12. The 
volumes of LP gases and ethane expanded 
7.7 percent but the aggregate value of pro- 
duction dropped 9.6 percent as shown in 
table 12. 

Most of price drop occurred in the LP 
gases as there is no spot market for 


ethane. Propane prices, for example, were 
depressed to 4.75 cents per gallon (Baton 
Rouge) in the peak use period—the first 
quarter of 1969 when the price was 1.17 
cents per gallon less than a year earlier. 
Not until November 1969 did the price at 
Baton Rouge rise above 434 cents per gal- 
lon. Price trends of propane in the market 
at Baton Rouge, Oklahoma, and New York 
harbor and Philadelphia are shown in 
table 13. 

In view of the firmer price structure in 
propane, it appears reasonable to assume 
that less propane and more ethane will be 
used to obtain ethylene in the near term. 


FOREIGN TRADE 


Nearly 8 million barrels of the total LP 
gases exported were destined for Mexico 
and most of these volumes were made up 
of butane propane mixtures as indicated 
in table 14. 

The volume of liquefied petroleum gas 
imported into the United States was ex- 
ceeded slightly by exports in 1969. Most 
of butane and propane imported (96.7 per- 
cent) originated in Canada. In addition 


some 400,000 barrels of LPG was imported 
from Venezuela. Imports aggregated nearly 
12.7 million barrels, which was about 1 
million barrels more than in 1968 as shown 
in table 10. Butane imports accounted for 
7.4 million barrels and propane for nearly 
5.3 million. On the export side, the volumes 
shipped- from the United States aggregated 
nearly 12.8 million barrels. 
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Table 1.—Plant production, stocks at plants and terminals, shipments 
i (Thousand 
Product | Jan. Feb. Mar. Apr. May 
All products, total: 
Fan.. ⅛ð2I d AW RE dd a es 48,468 45,169 49,184 47,208 49,017 
Stocks ee 58,184 52,842 51,903 56,449 64,377 
Sill raean R EA 65,580 50,511 50,123 42,657 41,089 
Ethane: 
Productioh.. u ol. ST L z rw ende med 5,081 4,641 5,038 5,119 5,265 
ehn EE 2,121 2,018 1,924 2,123 2,099 
Shipments -c 2.222. 8 5,172 4,744 5,127 4,920 5,289 
Liquefied petroleum gases: 
Production_...........-.--....-..--.-- 26,716 25,181 27,455 25,993 26,622 
iA] eaae aU RE. 51,871 46,561 45, 634 50, 186 57,702 
Sbipßmenbs Quee sm MEE EE 43, 778 30,491 28,382 21,441 19,106 
Isopentane: 
Poets SEE 299 294 338 271 254 
N oct u HER 12 38 48 31 14 
e kisrssd seoor anaien 331 268 328 288 271 
Natural gasoline: 
Production. ........................... 12,346 11,387 12,534 12,462 13,219 
Ki EE 2,978 8,034 3,182 2,999 8,428 
Shipments. ---------------------------- 11,952 11,331 12,386 12,645 12,790 
Plant condensate: 
FProddeti enn ; 3,110 2,875 2,987 2,584 2,848 
N 252 sẽ oäq¼ 8 673 756 729 682 711 
Shipments. ---------------------------- 8,278 2,792 3,014 2,631 2,819 
Other SQUE total: 
Production e EUER ES RE 916 791 837 774 809 
Se 8 529 435 386 428 423 
Sperr unnar EAs GEE 1,074 885 886 732 814 
Motor gasoline: 
Production 583 487 491 459 481 
S M/////‚?WͥWQͥͥ—T—T om Rd a cand 284 234 209 253 288 
Shipmentn??deʒsz 519 537 516 415 496 
Special naphthas: 
Produe tion Wex RE 46 39 42 42 45 
e uu lu E 14 14 12 9 10 
Shipments_..._.... .. . . . . .......-.-.-- 45 99 44 45 44 
Kerosine: 
Produetion. e u... RE ECC 105 86 88 86 89 
ores hes modd 8 128 118 96 98 113 
Shipments... s uuu ences 267 96 110 84 74 
Distillate f fuel oll: 
Produetion. .........-.------------ 139 120 138 121 135 
SLOGKS. . EE E 67 43 43 40 35 
Shipmentnnn 137 144 188 124 140 
Jet fuel: 
Produe tio. JJ/ͤ’.Unu 8 
SA.. aee u S 4 4 4 4 3 
Sip wenns . res /4/;Üöĩ w 1 
Miscellaneous products: 
Production 92 59 78 66 59 
STO i ctor = ß eel ow so Š 32 22 22 24 24 
Sp 85 69 78 64 59 


NATURAL GAS LIQUIDS 


from plants of natural gas processing plant products in 1969 
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barrels) 
Total 
June July Aug. Sept. Oct. Nov. Dec 
| 1969 1968 
46,839 48,247 48,578 47,061 49, 723 49,112 51,640 580,241 550,311 
10,839 77,052 80, 631 81,414 77,400 69,348 58,552 58,552 76,296 
40,377 42,034 44,999 46,278 53 , 737 57,164 62,436 596, 985 537,984 
4, 898 5, 105 5,251 5, 054 5, 600 5,744 6,236 63,027 45,803 
2,116 2,188 1,869 1,803 2,061 2,099 2,182 2,182 2,212 
4,881 5,038 5,570 5,120 5,342 5,706 6,153 63,057 45,706 
25,196 25,318 25,694 25,360 27,007 26,646 28,242 315,430 305, 459 
64. 202 69,831 73,760 75,034 70,812 62,711 51,799 51,799 68,928 
18,696 19,689 21,765 24,086 31,229 34,747 39,154 382, 559 293,101 
285 256 283 284 801 313 329 8,457 2,660 
7 6 8 7 9 12 10 10 44 
242 257 281 285 299 310 331 3,491 2,640 
12,967 13,952 13,615 12,858 13,245 12,782 13,105 154,472 145,214 
3,375 3,701 3,738 3,290 3,351 3,322 3,358 : 2,584 
13,020 13,626 19,578 13,306 13,184 12,811 13,069 153,698 145,276 
2,779 2,808 2,927 2,744 2,788 2,820 2,874 34,133 38,494 
671 739 689 653 617 616 547 547 841 
2,813 2,735 2,977 2,780 2,824 2,821 2,943 34,427 38, 548 
770 813 808 761 782 807 854 9,722 12,681 
468 587 567 627 550 588 656 656 687 
725 694 828 701 859 769 786 9,753 12,714 
489 469 476 449 464 483 514 5,745 6,211 
256 278 259 310 261 278 308 30 270 
421 447 495 898 513 466 484 5,707 6,206 
43 41 42 40 39 87 86 492 473 
11 10 9 8 6 11 11 11 13 
42 42 43 41 41 82 86 494 466 
92 105 96 98 93 86 97 1,121 1,027 
130 168 197 187 208 218 249 249 290 
75 67 67 108 72 76 66 1,162 1,095 
134 129 133 112 119 132 129 1,541 1,308 
43 46 48 48 42 45 50 50 65 
126 126 131 112 125 129 124 1,556 1,272 
8 2 2 8 8 1 3 18 277 
6 8 10 12 15 16 19 19 24 

r TX 1 cse PIREN tet 28 267 
59 67 59 59 64 68 T6 805 8,385 
22 77 44 62 18 20 19 19 25 
61 12 92 41 108 66 76 811 3, 408 
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Table 4.—Production of natural gasoline by vapor pressure and PAD districts in the 


United States in 1969 


(Thousand barrels) 


PAD District 


Reid vapor pressure Total 
1 2 3 4 
12 pounds and less 466 1,961 60,574 1,004 204 64, 209 
Over 12 pounds including 14 pounds. .......... 468 5,959 17,282 891 199 24,749 
Over 14 pounds including 18 pound 5,467 3,799 787 304 10,357 
Over 18 pounds including 22 pounds. .......... 22 115 29D. iubes 1,830 2,202 
Over 22 pounds including 26 pounds........... ....... 1,060 12,744 446 2,004 16,254 
Over 26 pounds... c. m OE E DE SD 8 5,995 21,882 ` 983 7,883 36,701 
111 A 964 20,557 116, 466 4,061 12,424 154, 472 


Table 5.—Liquefied petroleum gas and ethane (LRG) produced at refineries for fuel 


and chemical use in 1969 
(Thousand barrels) 


States by petroleum district 


District 1: 
New Jersey u ou ß eect ee eene 


Penn dannn... ¿Z s wass 
Other States $6022 ³⁰¹¹¹wi ³ ³ ³ ⁰⁵ ⁰ ⁰⁰k D aC 


Nil ſſ ⁵ A é 


122 


District 3: i 
Alabama and Mississipp vůinʒnnnz2:t. ....... 
RT ³¹. ͥ— 


Louisiana: 


GU §0005—*—»ZSD ] d ʒ cu E dL ZS 2, 745 
III ⅛ r ⁰ sS Leder 


District 4: 
Sieh ðV LE tuisse 


Total United States 9,159 


1 Includes Delaware, New York, Virginia and West Virginia. 


Ethane Propane 


20,422 


1,297 
642 


11,249 
79 


76,749 


Butane 


4,293 
3 26,228 


? Includes Minnesota, Missouri, Nebraska, North Dakota, Tennessee, and Wisconsin. 
3 Includes 1,706,000 barrels of isobutane used for petrochemical feedstock. 


Butane- 
propane 
mixture 


1,082 
11,391 


Total 


5,887 


1,889 
8,854 


17,630 


24,495 


1,349 
714 


20,847 
178 


44,478 
67,399 
283 
412 
490 
763 
1,948 


12,049 


128,521 
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Table 6.—Estimated proved recoverable reserves of natural gas liquids 1 in the 
United States 


(Thousand barrels) 
Changes in reserves during 1969 Reserves as of December 31, 1969 
E Ta = =i -' u =Ü == < MCI Ee 
State as of Extensions Discoveries Pre- 
Dec. 81, and of new liminary Non- Associated- Total 


1968 revisions? fields and net associated dissolved 
new pools production with oil 


PADO. MD 8 ee 0 398 398 
Arkansas 13,096 (41 1,750 1,644 9,466 8,695 18,161 
California 4 208,268 3,121 800 20,757 7,964 178,568 185,982 
Colorado 22, 601 (563) 8 2,121 6,648 13,271 19,925 
Illinois. .............- 1,895 (99) xe eee 890 8 1,469 1,472 
Indiana............- 4 lile 8 
Kansas. 270, 556 17,451 191 18,937 261,178 8,088 269,261 
Kentucky........... 52,464 lucos 8 3,481 48,9888 48,98 
Louisiana 2, 667, 520 118,135 27,640 237,997 2,168,089 407,259 2,570,298 
Michigan 3,592 1,436 216 1,188 1, 375 2,681 4,056 
Mississippi 19, 578 1,589 1,090 2,212 18,161 6,884 20,045 
Montana............ 9,783 1.259. L6 1,155 1,691 8,190 9,881 
Nebraska 2,085 | 722 1,071 1,197 2,268 
New Mexico......... 604,163 483,084 773 48,295 972,424 227,251 599, 675 
North Dakota 61, 563 (7,480) ......... 2,529 2:25 51,604 51,604 
Ohio 528 ö bbb ſ C 
Oklahoma 448, 023 51,488 6,847 40,664 888,088 132,606 465,694 
Pennsylvania %%%ͤöͤ . ͤ A s 90 O74. · S 974 
Texas___ o cee 4,005,378 (45,485) 29,191 337,140 2,055,157 1,596,782 8,651,989 
Htal. o See , 49 604 ........-. 2,810 1,887 87,452 88,789 
West Virginia 83,627 8,295 ......... 5,688 81,284 ......... 81,234 
Wyoming........... 84,968 23, 986 15 8,557 52,350 48,062 100,412 
Miscellaneous 1.827 5,488 ......... 182 6,352 781 7,188 
Total 8,598, 108 213,007 68,021 785,962 5,416,898 2,726,276 8,148,174 


1 Comprises natural gasoline, LPG, and condensate. 
* Parenthesis denote decrease. 

3 Includes offshore reserves. 

* Alabama only. 


Note: Total remaining recoverable natural gas liquids reserves in the Gulf of Mexico are estimated to be 
Pd a at barrels; of which 740,773,000 barrels are nonassociated and 99,556,000 barrels are associated- 
issolved. 


Source: Committee on Natural Gas Reserves, American Gas Association. 


Table 7.—Estimated productive capacity of natural gas liquids in the United States, 
| December 31, 1969 


(Thousand barrels per day) 


Productive capacity Productive capacity 
State Non- Associ- State Non- Associ- 
associ- ated or Total associ- atedor Total 
ated dissolved ated dissolved 

Arkansas 4 3 7 New Mexico......... 113 95 208 
California 1 4 66 70 North Dakota 8 8 
Colorado. ........... 2 5 7 Oklahoma..........- 214 75 289 
ines... ët vomer 1 1 Texas 11. 844 592 1,436 
Kansas. 151 9 160 Utah... 35 

Kentucky........... 10 ie 10 West Virginia al. weet 21 
Louislana 1 778 109 887 Wyoming 20 10 80 
Michigan 2 1 3 Miscellaneous 2. 2 1 8 
Mississippi 4 4 8 — nn N ⁄ ——— — 
Montana 1 3 4 Totaal 2,172 989 8,161 
Nebraska 1 1 2 


1 Includes offshore. i 
? Includes Alabama, Arizona, Florida, Iowa, Maryland, Minnesota, Missouri, South Dakota, Tennessee, 


and Washington. 
Source: Committee on Natural Gas Reserves, American Gas Association. 
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Table 8.—Natural gas liquids 1 used as refinery input in the United States in 1969, 


by Bureau of Mines refinery districts, and by months 


(Thousand barrels) 
District Jan. Feb. Mar. Apr. May June July 
East Cost ttt... Rv co us 468 438 263 260 289 247 298 
E BEER 18 8 10 21 11 1 11 
Indiana, Illinois, Kentucky, etc............. 2,054 1,752 1,299 1,203 1,267 1,173 1,301 
Minnesota, Wisconsin, North Dakota, and 
South Dakota 888 864 822 226 226 287 296 
Oklahoma, Kansas, Missouri 1,735 1,624 1,595 1,584 1,439 1,495 1,664 
Texas: 
ef ß RAA 1,691 1,484 1,747 1,768 1,807 1,946 2,006 
Gull TT EE 10,461 8,615 9,919 9,647 10,593 10,491 10,106 
HK: EE 12,152 10,099 11,666 11,415 12,400 12,437 12,112 
Louisiana-Arkansas: 
Louisiana Gulf Coast 8,078 2,677 2,651 2,604 2,376 2,116 2,528 
Arkansas and Louisiana Inland. 88 392 411 405 421 364 426 
Total oo Gee ee See as SSL a 8,455 3,069 3,062 3,009 2,797 2,480 2,949 
New Mexico. .................-..2.2..2...2.- 82 88 96 68 93 104 125 
Other Rocky Mountain. .................- 504 464 492 489 434 417 466 
West Coat 1,975 1,888 2,028 1,816 2,020 1,880 2,013 
Total United States 22,831 19,784 20,833 19,991 20,976 20,481 21,285 
Aug. Sept. Oct. Nov. Dec. Total 
East Coast... ß oe 323 531 682 712 606 5,117 
Appalachian. ...............- 2. Lll MM 11 10 24 17 15 16 
Indiana, Illinois, Kentucky, ete . 1,284 1,449 1,990 1,887 2,278 18,937 
Minnesota, Wisconsin, North Dakota, and 
South Dakota 358 354 343 395 482 4,041 
Oklahoma, Kansas, Missouri. 1,729 1,841 1,963 2,009 2,931 20,959 
Texas: 
KT WEE 1,987 1,951 2,085 1,886 2,049 22,8357 
Gulf.Coast.- oos 8 10,671 10,722 11,380 11,461 11,135 125,201 
. ³˙¹¹e³i ⁰˙ꝛmA sZ ee 12, 608 12,678 13,465 13,347 13, 184 147, 558 
Louisiana- Arkansas: 
Louisiana Gulf Coast 2,974 2,718 2,622 3, 226 3, 795 32,755 
Arkansas and Louisiana Inland 427 421 396 388 414 4, 847 
/ ³˙¹¹0¹⁴A²ã¹ is crete ld Duss 2, 801 3,139 3,018 3,614 4,209 97,602 
New Mexico ooo 104 104 89 106 89 1. 143 
Other Rocky Mountain 469 465 522 537 575 5,784 
est Coast tee 1,848 1,919 2,098 1,942 1,918 23,280 
Total United States. 21,530 22,485 24,194 24,566 25,682 264,588 
! Comprises natural gasoline, LPG, and condensate. 
Table 9.—Refinery input of LPG by product and PAD district 
(Thousand barrels) 
PAD District United 
LPG product States 
1 2 8 4 
1967 
Propane: 62032. - ͤ A LC. 5 838 90 1,083 2,016 
UCANG . ee OAOE 2,040 13,858 14,628 1,658 5,386 37,520 
Isobutane. .........................- 79 4,800 20,437 678 662 26,656 
Butane-propane mik 1,947 144 154 288 2,483 
dic VN SP EORR tupu ua 2,119 20,610 36,047 2, 580 7,819 68 ,675 
1968 
, so ees, Meee 8 575 10 999 1,587 
Butane... eut age 1,992 14,322 17,882 2,097 5,203 41,496 
Isobutane... . 92 4,775 20,418 434 1,349 27,068 
Butane-propane mix.................- --.--- 1,792 85 403 271 2,501 
TOU EEN 2,084 20,892 38,910 2,944 7,822 72, 652 
1969 
Propanee ee 2 681 15 925 1.632 
BUIBHO. ]«ĩði?ĩd x 2,878 13, 501 18,316 2, 526 3,622 40,343 
Isobutanne 71 5, 694 18,988 504 2,519 27,776 
Butane-propane mik 1.996 237 494 286 3,013 
Total- ww... h to te 2,458 21,193 38,222 3,539 7,352 72, 764 
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Table 11.—Stocks of natural gas liquids and ethane in the United States 
(Thousand barrels) 


Natural gasoline 


Other finished 


LP gases and and isopentane products and 
ethane plant condensate Total Total 
Date —— at plants at re- Grand 
At At At and fineries total 
plants At re- plants At re- plants At re- terminals 
and fineries and fineries and fineries 
terminals terminals terminals 
Dec. 31: 
1965... 8 29, 416 587 3,116 1,629 952 166 33,484 2,382 35, 866 
1966 rc 8 34,610 587 2,673 1,300 950 303 38,233 2,190 40,423 
// 8 58, 685 555 2,669 2,077 1,615 141 62,969 2,773 65,742 
d E 71,140 647 2,628 1,860 1,528 137 75,296 2,644 77,940 
1 : 

Jan! eek 53,992 794 2,990 1,894 1,202 242 258,184 2,930 61,114 
Feb. 28 48,579 798 3,072 2,001 1,191 200 52,842 2,999 55,841 
Mar. II! os ce 47,558 666 3,230 2,040 1,115 236 51,908 2,942 54,845 
Apr. 300.. 52, 309 619 3,030 2,035 1,110 142 56,449 2,796 59,245 
!! A 59, 801 503 3,442 1,798 1,134 186 64,377 2,487 66,864 
June 30 66,318 610 3,382 2,046 1,139 137 70,839 2,793 73, 632 
Mr ous 72,019 641 3,707 2,088 1,326 211 77,052 2,940 79,992 
PUG dl. 75,629 546 3,746 2,442 1,256 241 80,631 3,229 83,860 
Sept. 00 88 76,837 464 3,297 2,292 1,280 211 81.414 2,967 84,381 
Oct. 1 ẽ 72, 873 516 3,360 2,102 1,167 212 77,400 2,830 80, 230 
Nov. 30. 64,810 592 3,334 1,670 1,204 159 69,348 2,421 71,769 
Dec. 1114 1 53,981 571 3,368 1,557 1,203 232 58,552 2,360 60,912 


! Includes 47,513,000 barrels in underground storage. 


Table 12.—Values and volumes of natural gas liquids and ethane produced in the 


Thousand barrels 


1968 

LP gases and ethane 351,262 
Natural gasoline and 

isopenta ne 147,874 

Plant condensate........ 38,494 
Finished gasoline and 

naphthas s 6,684 

Other products.......... 5,997 

Total EEN 550,311 


1969 


378,457 
157,929 


34,133 


8,917 
805 


580,241 


United States 


Per- 

cent 
change — 

1968 

+7.7 552 , 200 

+6.8 411,589 
—11.3 115,175 
+33 A 26,577 
—86.6 18,232 


+5.4 1,123,773 


Thousand dollars 


1969 
498 ,927 


457,986 
105,863 


36,954 
2,281 


1,102,011 


Per- 
cent 
change 


—9.6 


+11.3 
—8.1 


+39.0 
—87,5 


—1.9 


Dollars 
r Per- 
barrel cent 
change 
1968 1969 
1.57 1.32 —15.9 
2.78 2.76 —0.7 
2.99 3.10 43.7 
3.98 4.14 +4.0 
3.04 2.83 —6.9 
2.04 1.90 —6.9 
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Table 13.—Average monthly prices, liquefied petroleum gas (propane) in the 
United States 1 


(Cents per gallon) 


Jan. Feb. Mar. Apr. May June July 
New York harbor and Philadelphia:? 
1969... 222 uuu ð tae a as 7.25 7.25 7.25 6.96 6.75 6.75 6.75 
Oklahoma: 
1965 m UP" c— 22 5.69 5.49 4:68 4.18 8.77 8.75 8.75 
195) EES 4.25 4.25 4.25 3.63 3.25 8.25 3.25 
Baton Rouge: 
| c mW ⁵³ ͤ ⁵ d 6.25 6.11 5.39 4.75 4.34 4.25 4.25 
///öÜðC 8 4.75 4.75 4.75 4.13 3.75 8.75 3.75 
Aug Sept Oct. Nov. Dec. Average 
for year 
New York harbor and Philadelphia:? 
TE 6.75 6.78 7.50 7.54 7.50 7.09 
Oklahoma: 
19068: , ß 3.75 3.75 3.75 3.75 4.05 4.19 
Le EEN 8.25 4.07 4.25 4.53 4.75 8.92 
Baton Rouge: l 
EE 4.25 4.25 4.25 4.25 4.55 4.74 
1969... 2. esu ³ĩ⅛ umu Sui su E ME 3.75 4.57 4.75 4.97 5.25 4.41 


1 Producers! net contract prices (after some discounts and summer-fill allowances) for propane, tank cars/ 


transport trucks. 


? Prior to 1969, New York and Philadelphia listed separately. See 1968 Platt's Oil Price Handbook, 45th 


edition, for separate listings 1964-68. 
Source: Platt's Oil Price Handbook. 


Table 14.—LP gases 1 exported from the United States, by countries 
(Thousand barrels and thousand dollars) 


1968 
Country Butane- 
Butane Propane propane 
mixtures 
Argentina____.._.--..-.-- 225 2813838 
Bahamas (2) 54 (2) 
Belgium-Luxembourg. ..... 4 7 14 
Bl o nesa y Ms (2) 
Cannads 277 17 116 
T ( 2) 22 26 
Frannde k (2) 114 (2) 
Guatemala... ............ 8 ....... 11 
Japan... u T. eus eS (J 1 
Mees x; 245 731 6,701 
Ping; pese eiert, FE Seose g 
Bill! A 45 (2) 
United Kingdom 1 1,343 1 
Ohle n 3 0 12 
Teta. 1,180 2,540 6,882 
Total value $3,325 $9,865 $19,298 $ 


Total 


10,602 
32,488 


Butane 


3,082 
$7,030 


1969 
Butane- 
Propane propane Total 
mixtures 
131 27 924 
86 (2) 86 
9 27 27 
3 617 
19 253 838 
Ernte 29 29 
09 ------- 13 
11 5 19 
509 8 514 
889 6, wi 7,997 
87 (2) 968 
68 1 701 
13 14 82 


2,400 7,800 12,782 
$7,071 $20,196 $34,297 


1 Data include LR gases. 
2 Less than La unit. 
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Nickel 


By Horace T. Reno! 


Prolonged labor strikes at the mines of 
the principal nickel producers in Canada 
cut the nickel supply and further increased 
the worldwide imbalance between supply 
and demand. As a result the price of pri- 
mary nickel in world markets was raised 
25 cents per pound, and the prices paid 
for merchant nickel and nickel contained 
in scrap advanced to 5 to 7 times the price 
of primary nickel. Free world nickel pro- 
duction reached an estimated 361,000 tons, 
Communist countries produced about 
147,000 tons; the total world output was 
approximately 508,000 tons. The Interna- 
tional Nickel Co. of Canada Ltd. (Inco) 
estimated free world nickel consumption at 
410,000 tons, and Communist countries 
consumed an estimated 120,000 to 130,000 
tons. The difference between production 
and demand was met by drawing from 
Government and industrial stocks. For the 
fourth year since 1965, use of nickel in the 
world was restricted by the available sup- 
ply. l 

Most nickel producers engaged in plant 
expansion programs designed to increase 
free world nickel production capacity to 
over 550,000 tons annually by 1972. New 
mines, concentrating plants, and processing 
plants were being bulit in Canada, New 
Caledonia, Australia, and in the Dominican 
Republic. Almost all mines producing 
from nickeliferous laterites installed new 
facilities. 

Legislation and Government Programs. 
—According to the July-December 1969 
Statistical Supplement Stockpile Report to 
the Congress prepared by the General 
Services Administration, 66,376 short tons 


of nickel plus cobalt was in the defense 
materials inventory as of December 31, 
1969. Of this quantity 48,780 short tons 
was in the strategic stockpile, 1,220 tons 
was in the Defense Production Act (DPA) 
stocks, and 16,376 tons was held in stock for 
the U.S. Mint. The Government raised 
the stockpile objective for nickel on May 13 
from 20,000 to 55,000 tons. Therefore after 
that date, nickel stocks in the strategic 
stockpile were less than the objective. On 
June 13, Public Law 91-25 extended the 
suspension of the tariff on metal scrap 
which included nickel scrap. The Busi- 
ness and Defense Service Administration 
(BDSA) of the U.S. Department of Com- 
merce set aside primary nickel for defense 
purposes, equal to 25 percent of the prod- 
ucers average monthly shipments during 
the last 6 months of 1967. In addition, 
BDSA strengthened its control over the 
supply of nickel in the last half of the 
year when it became apparent that the 
labor strike at mines in Canada would 
limit nickel imports into the United States. 
On July 11, BDSA discontinued issuing 
nickel export licenses. On July 25, BDSA 
limited users of defense rated orders to 
"quantities of primary nickel needed for 
current use in defense orders and not for 
inventory replacement," and on September 
ll the Administration revised its export 
control on nickel to specify that "validated 
licenses will be required to export nickel- 
bearing stainless steel ingots and iron and 
steel scrap, including scrap metals in crude 
forms containing 1 percent or more nickel 
to countries not previously requiring vali- 
dated licenses." 


1 Physical scientist, Division of Ferrous Metals. 
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Table 1.—Salient nickel statistics 


(Short tons) 
1965 1966 1967 1968 1969 
United States: 
Mine production 16,188 15, 086 15,287 17,294 17,056 


Plant production: 


Mary 2e cade wwe dou oti. 13,510 13,237 14,615 15,154 15,616 
Beeondarg. ------------------------- 19,407 26,777 20,731 14,061 18,775 
Eo ato ea ue tu, e Eden 20,93 26,387 31, 537 38 ,681 34,758 
Imports for consumption. nn 168,000 141,000 143, 000 147,95 129,332 
Consumption 172, 084 187,833 173,798 159, 806 141,737 
Stocks Dec. 31: Consumer. ............... 14,047 31,288 31,007 27, 466 16, 590 

Le 2222247259 cents per pound... 79-7734 7734-8514 8514-94 94-103 103-128 
World: Produetion nnn 468,846 454,457 494, 835 546,496 580 , 495 


DOMESTIC PRODUCTION 


The Hanna Mining Co. at Riddle, Oreg., 
was the sole producer of primary nickel in 
the United States. Nickel salts were pro- 
duced as a byproduct at copper and other 
metal refineries; part of the byproduct 
nickel originated from scrap. Several major 


mining companies explored for nickel in 
the United States, principally in Minne- 
sota, Wyoming, and the Pacific Northwest 
States. However, no significant develop- 
ments were reported. 


Table 2.—Primary nickel produced in the United States 


(Short tons, nickel content) 


1965 1966 1967 1968 1969 
Byproduct of metal refining... ............ 844 1,006 1,579 2,030 2,520 
Domestic ore 12,666 12,231 13,036 13,124 13,096 
Table 3.—Nickel recovered from nonferrous scrap processed in the 
United States, by kind of scrap and form of recovery 
(Short tons) 
Kind of scrap 1968 1969 Form of recovery 1968 1969 
New scrap: AS metal_____ x exe 1,165 1,514 
Nickel-base................ 1,738 2,170 In nickel-base alloys. ........... 2,006 2,221 
Copper-base............... 2,828 3,486 In copper-base alloys. .......... 5,217 6,746 
Aluminum- base 600 630 In aluminum- base alloy 1,050 997 
— —T In ferrous and high-temperature 
NK WEE EEN 5,161 6,286 alovsi-.. Z eee „172 6,965 
— In chemical compounds 451 332 
Old Nie — 
Nickel scrap- -------------- 7,802 11,331 Total sted AA oe 14,061 18,775 
Copper- base 748 778 
Aluminum- base 350 380 
rc ERE 8,900 12,489 
Grand totall 14,061 18,775 


! Includes only nonferrous nickel scrap added to ferrous and high-temperature alloys. 


CONSUMPTION AND USES 


Despite the prolonged nickel shortage, 
domestic consumption of nickel, exclusive 
of scrap, was only 1l percent less than 
that in 1968. However, it was 16 percent 
less than the 5-year average, 1964-68. Con- 
sumption of old and new nickel scrap was 
64 percent more than that in 1968. Overall 
U.S. nickel consumption in 1969 was thus 
only 5 percent less than comsumption in 
1968. Primary nickel consumed to make 
stainless and heat-resistant steels was down 
about 11 percent compared with 1968 as 


the output of high-nickel stainless steels 
continued to decline. | 

The Bureau of Mines has changed the 
format for canvassing and reporting U.S. 
nickel consumption. Nickel used in super- 
alloys is reported separately for the first 
time. Although the new format sacrifices 
several historical series, the disadvantage of 
doing so should be outweighed by the ad- 
vantage of having significant data on the 
use of nickel in materials of the aerospace 
age. 
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Table 4.—Stocks and consumption of new and old nickel scrap in the 
United States in 1969 
(Gross weight, short tons) 
Class of consumer and Stocks Consumption Stocks, 
type of scrap beginning Receipts ———  >— N n end of 
of year New Old Total year 
Smelters and refiners: 
Unalloyed nickel 108 1,560 1,108 470 1,578 90 
Monel metal_____ 507 8,892 582 8,061 8,643 756 
Nickel silver 1____ _- 564 5,643 738 4,954 5,692 515 
Cupronickel lll 98 3111 428 428 51 
Miscellaneous nickel alloyy sss. 4,961 1 4, 900 4,951 10 
Nickel residues 21 6,974 2,453 2,799 5,252 1,743 
M/ ²˙ u c; UELLE 636 17,387 4,194 11,230 15,424 2,599 
Foundries and plants of other manu- 
facturers: 
Unalloyed nickel 394 18 ,637 72 6,888 6,960 7,071 
Monel metal... ----------------- 10 268 92 152 244 34 
Nickel silver lll 1,999 11,656 11,475 100 11,575 2,080 
Cupronickel lll 5, 060 320 4,088 150 4,238 1,142 
Nickel residues 835 858 297 706 1,008 190 
Total ——ÓÀ—Á— 739 14,768 461 7,746 8,207 7,295 
Grand total: 
Unalloyed nickel 502 15,197 1,180 7,958 8,538 7,161 
Monel metal ------------------- 517 4,160 674 3,213 9,887 790 
Nickel silver III.. 2,563 17,299 12,213 5,054 17,267 2,595 
Cupronickel lll 5,158 701 4,088 578 4,666 1,198 
Miscellaneous nickel alls. 4,961 51 4,900 4,951 10 
Nickel residues ------------ 356 7,832 2,750 3,505 6,255 1,933 
TOU EEN 1,375 32,150 4, 655 18, 976 23, 631 9,894 


1 Excluded from totals because it is copper- base scrap, although containing considerable nickel. 


Table 5.—Nickel (exclusive of scrap) consumed in the United States, by forms 


(Short tons) 


Form 1965 1966 

Cd WEE 146,357 132,573 
Rerronlekel. uu. ee ee eege epa eaa 29, 674 
Oxide powder and oxide s inter. 23,047 22,845 
Matte o fee a eoim mca déesse d. seen soe 
alte tee ęᷣ ³ :::. kusa E 2,677 2,741 
OUNCE ee een Ee 

Ke WEE 172,084 187,833 


! Metallic nickel salts consumed by plating industry are estimated. 
? Figures do not cover all consumers for 1965-66. 


1967 ! 1968 ! 1969 ! 

124,639 115,839 99,096 
25,228 15,170 17,804 
19,849 24,362 19,188 
4.582 3.985 2,647 
N 8,057 
178,798 159,806 141,737 


Table 6.—U.S. consumption of nickel (exclusive of scrap), by uses and forms, 1969 


Steel: 


Stainless and heat-resisting. ........ 

Alloys (excludes stainless) 
Superalloys........- 
Nickel-copper and copper-nickel alloys. . - 
Permanent magnet alloy 
Other nickel and nickel alloys... ........ 
Cast TEEN 
Electroplating ll)) 
Chemicals and chemical uses 
Other uses 33) 


(Short tons) 


Total reported by companies can- 


vasse 


and estimate 


Commer- 

cially Ferro- Nickel 

pure nickel oxide 

unwrought 
nickel 

18,700 8,335 12,395 
10,125 8,582 5,157 
CCC 2,70 W W 
5, 341 W 15 
W W 
26, 047 140 W 
3,183 403 887 
16,487 W 28 
462 174 
6,042 344 977 
„ 99,096 17, 804 19, 133 


Nickel 
sulfate Other Total of 
and other forms figures 
nickel shown 
salts 
TUM 28 89,458 
W W 28,864 
Dur W 12, 709 
NC 118 5,474 
W 78 26,265 
W 1,615 5,588 
2, 398 329 19,242 
158 W 789 
96 889 8,348 
2,647 8,057 141, 737 


W Withheld to avoid disclosing individual company confidential data. 
1 Based on monthly estimated sales to platers. : i 
2 Includes batteries, ceramics, and other alloys containing nickel. 
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Table 7.—Nickel (exclusive of scrap) 
in consumer stocks in the United States, 


by forms 
(Short tons) 
Form 1967 1968r 1969 
Metal. ----------------- 24,383 19,385 12,566 
Ferronickel............. 2,462 2,603 1,888 
Oxide powder and oxide 
Sinterr a eus „759 4,321 998 
Eelere ees 403 502 524 
e te dees 655 614 
Total. u l susu: 31,007 27,466 16,590 
r Revised. 
PRICES 


The price of electrolytic nickel remained 
unchanged at US$1.03 per pound until No- 
vember 24, 1969, when (INCO) announced 
a price increase on nickel cathodes of 25 
cents per pound to $1.28 per pound. Prices 
for other forms of nickel were adjusted ac- 
cordingly. The following day, the other 
major nickel producers of the world fol- 
lowed suit. Prices for merchant nickel and 
nickel contained in scrap rose rapidly dur- 


ing the Canadian strike and reached a 
peak of $6.65 to $7.15 per pound for mer- 
chant nickel, and $5.80 to $6.40 for nickel 
contained in scrap. At yearend merchant 
electrolytic nickel was quoted at $5.80 to 
$6.40 per pound f.o.b. shipping point, 
nominal. Scrap nickel prices ranged from 
$2 to $4 per pound in the latter part of 
December. 


FOREIGN TRADE 


U.S. foreign trade in nickel in 1969, al- 
though seriously curtailed by the strike in 
Canada, was only 10 percent less than that 
in 1968. Canadian imports were down 18 
percent, but delivery of nickel processed 
before the strike, that in transit, and a 
marked increase in imports of nickel 
scrap and of ferronickel modified the im- 
pact of decreased trade with Canada. Of 


the 15,696 tons of ferronickel imported for 
consumption in the United States, 10,365 
tons came from New Caledonia, 4,754 tons 
came from Greece, 248 tons from Brazil, 
161 tons from Sweden, 114 tons from 
France, and the remaining 54 tons came 
from Mexico, the United Kingdom, Japan, 
and the Republic of South Africa. 


Table 8.—U.S. exports of nickel and nickel alloy products, by class 


1967 1968 1969 
Class 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
Unwrought. ..................- 7,453 $14,347 6,498 $14,211 1,851 $5,631 
Bars, rods, angles, shapes, and 
sections.. ------------------- 2,595 8,697 2,880 7,277 5,052 12,405 
Plates, sheets, and strip. ........ 1,997 9,292 2,308 9,784 4,218 16,582 
Anodes.... 232 558 107 326 91 847 
l.. ³⁰o¹1WWA E Ri 565 2,530 624 2,652 746 3,630 
Powder and flakes__ ----- 533 2,144 837 1,598 398 2,517 
CÜ· ⁰³⁰ e Ut 26 51 92 14 83 
at! 8 8,441 9,387 8,340 1,299 3,592 7,531 
Tubes, pipes, blanks, and fittings 
therefor, and hollow bars 823 3,417 774 3, 646 768 3, 887 
Waste and scrap. ....----..-...- 13,892 20,831 16,762 24,788 18,028 29,455 
DOG) EEN 31,537 70,729 83,681 71,673 34,758 82,068 
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Table 9.—U.S. imports for consumption of nickel products, by class 
1967 1968 1969 
Class 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
EE, Mn 8 42 $2 30 $2 
Unwrought. t 113, 860 N 848 108,158 201,312 99,652 209 , 468 
Oxide and oxide sinter 6,208 8,130 6,388 8,911 4,018 6,524 
Slurry too soe 8 22,984 39, 892 35,099 63, 674 23, 714 54,784 
Bars, plates, sheets, and anodes. . 17 536 24 669 118 628 
Rods and wire 428 1,485 892 1,287 540 2,171 
Shapes, sections, and angles...... 1 J;ö;— ͤ— - ue 5 30 
Pipes, tubes, and fittings. ss 107 442 146 627 10 45 
E, ilc ß 8,716 7,319 2, 936 6,106 2,708 6,452 
Flakes__ enean LIRE 1) (2) 5 10 65 186 
Waste and scra dd 1,104 1,240 r 1,974 r 2,575 3,188 8,084 
Ferropniekel -..--.-------------- 9,020 8,482 r 10,5583 r 5,450 15,696 9,507 
Total (gross weight) 157,600 256 , 825 165 , 986 290,722 149,734 297,831 
Nickel content (estimated) 143,000 XX 147,950 XX 129,332 XX 
r Revised. XX Not applicable. 


! Nickel-containing material in powder, slurry, or any form, derived from ore by chemical, physical, or any 
other means, and requiring further processing to recover nickel or other metals. 


? Less than 14 unit. 


Table 10.—U.S. imports for consumption of new nickel products, 1 by countries 


(Short tons) 
Metal Oxide and Slurry and other ? 
oxide sinter 
Country 1968 1969 1968 1969 1968 1969 
Gross Nickel Gross Nickel 
(Gross weight) (Gross weight) weight content weight content 
Canada................ 97,101 86,242 6,388 4,008 31,921 26,868 19,458 16,376 
Finland. ..............- 26 43. 7% ĩ ᷣ y t 
Frünce...-—— e 33 20 fo aeo On LL S SSD 
Germany, West 10 24. umen JJ CoL Z mmm 
Netherlands 27 ö ̃ĩ̃Ud“lRnd!k d sas 
Norwa e DIS. 11.224. . . . sama | deem 
South ‘Africa, Republic of. 28 246. "uo Cum 8,178 1,448 8,806 1,886 
Southern Africa, n.e.c.... . ..... )))) K 450 207 
Sweden 116 AO. lu. ²ĩ // Worker „ẽ . — cubos 
U.S.S.R-_-. »A r402 1.100. ossos Eumene. Setecd, A ë UEBER. Odes 
United Kingdom 681 372 4 aq. ‘etete gee “eee vetoes 
Other countries r 5 184 DI  — | ag. x Cees, | eee 8 
Total...........- r 108,158 99,652 6,988 4,018 35,099 27,806 23,714 18,419 
r Revised. 


1 Ore: 1968, 42 short tons from Japan; 1969, 30 short tons from Peru. 
* N ickel-containing material in powder, slurry, or any form, derived-from ore by chemical, physical, or any 
other means, and requiring further processing to recover nickel or other metals. 


š Less than 1$ unit. 


WORLD 


The nickel industry in 1969 was marked 
by worldwide activity from exploration of 
mineral deposits to refining of metal. Most 
interest was in developing Australian and 
New Caledonia deposits. The nickel indus- 
try of Canada, although hampered by long 
labor strikes against the two principal pro- 
ducing companies, developed new mining 
and processing capacity. Exploitation of 
low-grade nickel, laterite deposits was ad- 
vanced markedly in the Dominican Repub- 
lic, Indonesia, and the Philippines. 

Australia.—Australia’s nickel production 
practically doubled for the second year in 
a row. Most of the primary nickel pro- 
duced in Australia in 1969 came from the 


REVIEW 


Western Mining Company's Silver Lake 
shaft at Kambalda, but the Scotia mine of 
Great Boulder Gold Mines Ltd. produced 
nickel in the last quarter of the year. 

Western Australia's nickel boom contin- 
ued unabated throughout the year, but 
the major mining companies apparently 
worked more to consolidate their position 
at deposits already discovered rather than 
to prospect in new areas. The same was 
true in Queensland at Greenvale, where 
Freeport of Australia Ltd. and Metals Ex- 
ploration N.L. investigated the economic 
feasibility of exploiting the nickeliferous 
laterites explored in 1967 and 1968. 
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Table 11.—World production of nickel, by countries 
(Short tons) 


Country ! 1965 1966 1967 1968 1969 » 
North America: 
5 eeng 267,308 r238,598 r 248,647 268 , 542 212,414 
uba: 
Content of oxide e... 20,200 17,500 r 21,500 20,950 20,400 
Estimated content of sulfide 9,900 11,100 r 12,500 16,200 18,400 
Dominican Republic (contentofferronickel). ....... ....... 37 324 — vols 
United States: 
Byproduct of copper refining.......... 844 1,006 1,579 2,030 2,520 
Nickel recovered from domestic ore 12,666 12,231 13,036 13,124 13,096 
South America: 
Brazil (content of ferronickel)............. 1,228 r1,070 1,181 1,186 e 1,200 
Europe: 
Finland: 
Content of nickel sulf ate 180 204 176 195 e 187 
Content of concentrates 3,295 3,254 3,812 3,666 e 3,748 
Greece: nickel recovered from ore. e 2,535 e 4,189 e 6,614 
Norway (content of concentrate. 166 e 198 e 248 
Poland (content of ore 1,214 1,400 1,650 1,653 1,653 
ve U.S.S.R. (content of ore) 90, 000 95, 000 105, 000 110, 231 115, 743 
rica: 
Morocco (content of cobalt ore) 22. 397 430 410 15 
Rhodesia, Southern (content of ore) e 770 e 770 e 770 1,102 8,818 
South Africa, Republic of (content of matte 
3s and refined nickel) 3,300 6,000 6,000 6,063 6,068 
sla: 
Burma (content of speiss ) e 55 e 75 3e 30 40 28 
Indonesia (content of ore). ............... 3,935 4, 335 5, 642 8,663 7,716 
Oceania: 
Australia (content of concentrate). 2, 308 5,122 11,901 
New Caledonia (recoverable) *.... ........- 53,054 61,484 67,856 88,018 99,731 
OCA NEE r 468,846 454,457 r 494, 835 546, 496 530, 495 


e Estimate. P Preliminary. r Revised. 


! Nickel is also produced in Albania and East Germany, but production data are not available. 
? Refined nickel and content of oxides and salts produced plus recoverable nickel in matte and concentrates 


exported. 


3 Fiscal year October through September. Figures are for first 9 months of year noted and 8 months of 


previous year. 


* Nickel-cobalt content of metallurgical plant products plus recoverable nickel-cobalt in exported ores. 


s Total is of listed figures only. 


Great Boulder Gold Mines Ltd. and 
North Kalgurli Ltd. reported a significant 
deposit of sulfide ore containing about 2 
percent nickel in Carr Boyd Rocks area 
north of Kalgoorlie and nickel in arsenic 
ores in the old Mount Martin gold mine 
south of Kalgoorlie. Western Mining Corp. 
explored laterite deposits in the Ora Ban- 
da-Kunanalling-Broad Arrow area north of 
its Kambalda operations, and Anaconda 
Australia Inc., Conzinc Riotinto of Aus- 
tralia Ltd., and New Broken Hill Consoli- 
dated Ltd. reported an ore body of about 
a million tons containing 1.2 percent 
nickel and minor copper to a depth of 
1,000 feet in the Higginsville-Widgiemool- 
tha area. This deposit was north of those 
previously reported at Higginsville. All 
these new discoveries strengthen the theory 
of a nickel province superimposed on the 
Western Australian gold belt that extends 
from Norseman in an arc north to Wiluna. 

A nickel discovery by Poseidon N.L. 
some 200 miles north of Kalgoorlie ex- 
tended the known nickel-bearing area in 


conformance with the theoretical. This 
alone would make news. The impact of 
the discovery on the London Stock Ex- 
change made the headlines around the 
world as the price of Poseidon stock went 
from $3 to $119 a share. The sensational 
price rise was symbolic of the worldwide 
interest in Australia's fledgling nickel in- 
dustry. Moreover, it was probably an indi- 
cation of the course of the industry's fu- 
ture, if the world markets can absorb the 
potential nickel output as planned by the 
concerns that operated in 1969. 
Botswana.—Botswana Roan Selection 
Trust Ltd. announced that its subsidiary 
Bamangwato Concessions Ltd. had devel- 
oped enough nickel-copper reserves in the 
Pikwe-Selebi area 60 miles southeast of 
Francistown to support a mining-smelting 
complex. The International Bank for Re- 
construction and Development issued a 
$2.5 million credit for engineering design 
and preliminary work for the necessary in- 
frastructure. Roan Selection Trust Ltd., 
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American Metal Climax, and the Botswana 
Government will participate in the project. 

Canada.—Canadian nickel production 
was almost 20 percent less than that in 
1968, as the two largest producing compa- 
nies were shut down by labor strikes. 
INCO was struck July 10, and Falcon- 
bridge Nickel Mines Ltd. was struck Au- 
gust 21. The INCO strike ended on No- 
vember 17 and Falconbridge strike ended 
on November 22. 

Despite the setback caused by the strikes, 
the nickel industry of Canada made nota- 
ble advances in 1969. Nickel prospecting 
and exploration crews were active in the 
Sudbury district of Ontario, in Manitoba, 
Quebec, and Saskatchewan, and to a lesser 
extent throughout the Territories. Sheri- 
dan Geophysics Ltd., through New Hosco 
Mines, brought the Renzy Mines open pit 
nickel-copper mine in southern Quebec 
into production at approximately 500 tons 
of 1 percent nickel-copper per month. In 
order to open the mine, the company had 
to drain a million gallons of water from 
Lake Renzy and move approximately 
450,000 cubic yards of overburden. Falcon- 
bridge Nickel Mines Ltd. conducted a com- 
prehensive feasibility study of the New 
Quebec Raglan Mines project in northern 
Quebec approximately 1,000 miles north of 
Montreal. 

Both INCO and Falconbridge worked on 
new facilities to increase the efficiency and 
productivity of their operations. INCO 
completed the 7,138-foot Creighton shaft, 
the deepest shaft in the Western Hemi- 
sphere, and was in the process of bringing 
6 mines in its Ontario division and two 
mines in its Manitoba division into pro- 
duction. It began building the Clarabelle 
mill, which will have capacity to process 
35,000 tons of ore per day and will be the 
company's fifth mill in the Sudbury dis- 
trict. 

Falconbridge Nickel Mines Ltd. was ac- 
tive on a somewhat smaller scale. Its 
Strathcona mine reached, full production 
early in the year, and the company began 
installing facilities to bring its Manibridge 
mine in Manitoba into production. 

Canadian nickel producers and 
1969 production or delivery to customers 
as given in their annual reports to stock- 
holders were as follows: 


their 
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Company Type of Thousand 
operation pounds 
The International Nickel 
Co. of Canada Ltd.... Delivery 809,940 
Falconbridge ickel 
Mines Ltd Delivery 80, 647 
Sherritt Gordon Mines 
Ltd... A Production... 23, 074 
Consolidated Canadian 
Faraday Ltd Production 2, 705 
Giant Mascot Mines Ltd. Recovery 8,496 
The Canadian Government. established 


controls on exports of nickel in all forms, 
except scrap, to all destinations effective 
December 5. Controls on scrap became 
effective December 19. The controls were 
established to insure adequate supply and 
distribution of nickel to Canadian consum- 
ers and to insure that normal channels of 
trade are utilized fully to supply tradi- 
tional consumers of exported nickel. 

Cuba.—Nickel was produced at the Ni- 
caro and Moa Bay laterite leaching plants 
in Oriente Province of Cuba. Reportedly, 
neither nickel oxide nor sulfide production 
exceeded that of 1968 and may have been 
substantially less. 

Dominican Republic.—Falconbridge 
Dominicana C. por A. began constructing 
a plant to produce ferronickel from the la- 
terite deposits it has been exploring since 
1956. Falconbridge Dominicana is a subsid- 
iary of Falconbridge Nickel Mines Ltd. of 
Canada. However, Falconbridge sold Armco 
Steel Corporation of the United States 20 
percent of its shareholdings in Dominicana 
in 1959. The construction project is being 
financed with $41 million from Canadian 
and United States commercial] banks, $80 
million from  U.S. insurance companies, 
and the equivalent of $25 million from the 
International Bank for Reconstruction and 
Development, together with a subordinated 
loan of $34 million from the insurance 
companies. Falconbridge Dominicana C. 
por A. is capitalized for 1,500,000 shares, 
65.7 percent of which was held by Falcon- 
bridge. The Dominican Government held 
an option to purchase 47,664 shares at $10 
per share. 


Greece.—Larco produces all of the pri- 
mary nickel in Greece. Larco's output has 
more than doubled since 1967, its first year 
of full operation. In 1969 the company was 
in the process of again doubling its capac- 
ity. 

Guatemala.—Exploraciones y  Explota- 
ciones Mineras Izabal, S.A., owned 80 per- 
cent by INCO and 20 percent by The 
Hanna Mining Co., did not reach agree- 


` 
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ment with the Guatemalan Government 
to construct a 60-million-pound-per-year 
nickel plant, although plans for the plant 
and for mine development were completed 
early in the year. 

India.—The Geological Society of India 
announced that a deposit containing about 
15 million metric tons of low-grade nickel 
was discovered in the Cuttack district of 
Orissa State. Tests by the National Metal- 
lurigical Laboratory indicated that the ore 
contained 0.72 percent recoverable nickel. 


Indonesia.—The Indonesian Government 
contracted with P.T. Pacific Nikkel to ex- 
plore for nickel on Waigeo Island off the 
Sentani area of West Irian (formerly 
Dutch New Guinea). Pacific Nikkel is 
owned 43 percent by United States Steel 
Corp. 22 percent by Koninklijke Neder- 
landsche Hoogovens en Staalfabrieken, 15 
percent by Newmount Mining Corp., and 10 
percent each by Wm. H. Müller and Co. 
N.V. and Sherritt Gordon Mines Ltd. The 
exploration contract is similar to one made 
last year with P.T. International Nickel 
Indonesia. 

New Caledonia.—Following through on 
its announced intention of permitting com- 
petition in the nickel mining industry of 
New Caledonia, the French Government 
approved the organization of Compagnie 
Française Industrielle et Miniére du Paci- 
fique (COFIMPAC) to exploit nickel de- 
posits in competition with Société Le 
Nickel. COFIMPAC is owned 40 percent 
by INCO and 60 percent by Société Auxi- 
liaire et Miniére du Pacifique (SAMI- 
PAC), a French holding company. COF- 
IMPAC located substantial nickel deposits 
in the northern section of New Caledonia, 
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but at yearend had not yet come to a de- 
cision on exploiting them. 

American Metal Climax, Inc. (AMAX), 
and Société Miniëre et Métallurgique de 
Pefiarroya S.A., anticipating French Gov- 
erment approval, formed Penamax G. I. E. 
to exploit New Caledonian nickel re- 
sources. | 

Société Le Nickel, New Caledonia's only 
integrated nickel producer until 1969, 
asked the French Government to approve 
a project to establish a  metallurgical 
complex in the northern part of New 
Caledonia. Ore would be supplied by 
independent mining enterprises. The 
metallurigical plant would produce ferro- 
nickel from silicate ores. 

Philippines.—Marinduque Mining and 
Industrial Corp. 's nickel laterite project on 
Nonoc Island apparently was running be- 
hind schedule. A feasibility study and cer- 
tain engineering aspects of the project had 
not been completed by midyear. However, 
a pilot plant test of the ore by Sherritt 
Gordon Mines Ltd. of Canada was com- 
pleted successfully. 

United Kingdom. — The United King- 
dom's experience with the nickel industry 
during the year paralleled that of Canada. 
The Canadian labor strike, which intensi- 
fied the worldwide shortage of nickel, was 
felt almost immediately in the U.K. be- 
cause of the large refining facilities there. 
The workers at Inco's Clydach, South 
Wales, refinery struck the plant on Sep- 
tember 19. Moreover, the British Govern- 
ment strengthened its export controls on 
nickel in iron and steel alloys in October 
and released part of its strategic stockpile 
of nickel in November. The Clydach work- 
ers were still on strike at yearend. 


TECHNOLOGY 


Bureau of Mines nickel research projects 
were again designed to reclaim nickel from 
waste materials and incidentally to contri- 
bute to control of evironmental pollution. 
Bureau chemists developed a solvent ex- 
traction method for recovering nickel and 
zinc from phosphate wastes.2 The process 
was demonstrated on a laboratory scale. 
Several million gallons of phosphate waste 
is generated each year in phosphating 
sheet steel to provide a base for paint, en- 
amel, or lubricating oil or to protect the 
steel against corrosion. Application of the 


Bureau's process to waste treatment would 
not only save the contained metals but 
would also prevent the waste from pollut- 
ing the streams and rivers into which it is 
normally discharged. 

Bureau of Mines researchers described a 
bench-scale hydrometallurgical process for 
recovering nickel, cobalt, molybdenum, and 
chromium from small fragments of super- 


2 Powell, H. E., L. L. Smith, and A. A. Cochran. 


Solvent Extraction of Nickel and Zinc From a 
Waste Phosphate Solution. BuMines Rept. of Inv. 
7336, 1970, 14 pp. 
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alloy scrap.3 The scrap was dissolved in 
chlorinated, dilute hydrochloric acid. Then 
silicon and tungsten were removed by car- 
bon absorption; molybdenum, iron, and 
cobalt were removed successfully by solvent 
extraction; and then chromium and nickel 
were removed in that order by selective 
precipitation. Nickel was precipitated as a 
carbonate which could be converted to 
nickel oxide suitable for metallurgical use. 

Judging by the number of patents is- 
sued, industrial researchers continued to 
seek better methods of extracting nickel 
from its ores. The work apparently was di- 
vided about equally among acidic and 
basic laterites. However, a froth flotation 
reagent said to improve selectivity of 
nickel sulfide ores, among others, was pat- 
ented. High nickel demand and limited 
supply, intensified by labor strikes in the 
Canadian and Australian mines, led to an 
intensified search for nickel substitutes. De- 
spite the shortage, metallurgists developed 
several new nickel-base superalloys. 

A heat exchange system to utilize heat 
in mine exhaust air to raise the tempera- 
ture of the intake air was installed at 
the Strathcona Mine of the Falconbridge 
Nickel Mines Ltd.4 The Strathcona Mine 
is in the Sudbury district of Ontario 
where the average January temperature is 
5° F and temperatures of 30° below zero 
are common. Therefore, the intake air 
must be heated before it is introduced into 
the mine. The heat exchange system theo- 
retically recovers 16.1 million Btu per 
hour. 

The Agricultural Department of INCO 
reported increasing success in growing 
grasses and grains on its mill tailings. The 
group tested alfalfa, sweet clover, and oats 
in experimental plots and established flour- 
ishing crops of grass in some areas by 
using rye to protect the grass during the 
first 2 years of growth.5 
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Sherritt Gordon Mines Ltd.s ammonia 
leach process, which has been used success- 
fully since 1954 to recover nickel from sul- 
fide concentrates, is to be used in modified 
form to treat lateritic ores under a licen- 
sing agreement with the Marinduque 
Mining and Industrial Corp. Marinduque 
will construct a plant in the Philippines 
for treating laterite ore on the Surigao 
Mineral Reservation. Western Mining 
Corp. is installing the same Sherritt Gor- 
don process for use at its refinery at Kwin- 
ana, Western Australia.6 


In further work to eliminate or modify 
pollution from its operations, INCO de- 
signed an exhaust chimney 1,250 feet high 
that, in conjunction with electrostatic pre- 
cipitators, will prevent sulfur dioxide from 
destroying vegetation in the area of its 
smelter complex at Copper Cliff, Ontario. 


Researchers found ways to replace about 
half the nickel used in plating processes 
with an equal weight of cobalt. During 
normal times the substitution would not 
be profitable because cobalt normally costs 
more than nickel. However, with platers 
forced to pay $6 per pound or more to ob- 
tain nickel and with cobalt available at 
about $2 per pound, the substitution proc- 
ess went from research laboratory to com- 
mercial application within a short time. 
On industrial shapes plated in the research 
laboratories the cobalt-nickel plating ap- 
peared as bright as that of pure nickel. 


s Brooks, P. T., G. M. Potter, and D. A. Martin. 
Chemical Reclaiming of Superalloy Scrap. Bumines 
Rept. of Inv. 7316, 1969, 28 pp. 

4 McCallum, V. I. Design ot Mine Air Heating 
Plant at Strathcona Mine Falconbridge Nickel 
Mines Ltd. Canadian Min. J., v. 90, No. 10, 
October 1969, pp. 62-65. 

$ Pit and Quarry. International Nickel js 
culturists Grow Grass on Fields of Rock After 


~ Agstone Neutralizes Acidity. V. 61, No. 9, March 


1969, p. 155. 

6 Rosenzweig, Mark D. Hydrometallurgical Pro- 
cess Yields Pure Nickel. Chem. Eng. v. 76, No. 7, 
April 1969, pp. 108-110. 
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Nitrogen 


By Walter C. Lorenz 1 


Increases in United States crop produc- 
tion per acre during the last 20 years have 
been greatly influenced by the quantity 
and quality of fertilizers used, particularly 
nitrogen compounds. Nitrogen use in ferti- 
lizers continued to grow in the United 
States and throughout the world during 
1969. U.S. consumption of nitrogen in fer- 
tilizers during the year increased 3 percent. 

Domestic production of anhydrous am- 
monia increased 5 percent in 1969. The 
annual production of urea and ammonium 


phosphate increased by 12 and 9 percent, 
respectively; the production of ammonium 
nitrate, ammonium sulfate, and nitric acid 
decreased 3, 4, and 2 percent, respectively. 


World production of agricultural nitro- 
gen rose again in 1969 to 30.6 million 
short tons, from 27.9 million during the 
previous year. However, technical nitro- 
gen production, worldwide, decreased 
slightly to 6.8 million short tons, from 6.9 
million in 1968. 


Table 1.—Salient nitrogen statistics 
(Thousand short tons of contained nitrogen) 


1965 1966 1967 1968 1969 » 

United States: 
Production as ammonia. ...................... 7,465 8,904 10,205 10,130 10,611 
Production as high purity nitrogen gas 2,829 8,511 4,057 4,480 4,879 
Exports of nitrogen compounds 459 707 828 1,428 1,415 
Imports for consumption of nitrogen compounds 496 566 691 669 735 
Consumption 1j 6, 526 r 7,812 r 9,216 r 9,682 9,939 
World: Production 24,031 27, 565 31,627 85,427 39, 556 


r Revised. 1 Estimated, excludes nitrogen gas. 


Table 2.—Nitrogen production in the United States 
(Thousand short tons of contained nitrogen) 


P Preliminary. 


1965 1966 1967 1968 1969 p 
Anhydrous ammonia: Synthetic plants 1. 1,295 8,722 10, 029 9, 968 10, 456 
Ammonia compounds, coking plants: 
Ammonia liquorr᷑rnt nt 13 11 12 14 12 
Ammonium sulfat eee 147 162 156 142 185 
Ammonium phosphates. ... ................- 10 9 8 6 7 
Total oe oo eee alee d cckeeseeue 7,465 8,904 r10,205 10,130 210,611 
Nitrogen gas ---- -2-0-2-0 2,829 3,511 4,057 4,480 4,879 


P Preliminary. r Revised. 
1 Bureau of the Census Current Industrial Report. f 
2 Data may not add to totals shown because of independent rounding. 


Table 3.—Major nitrogen compounds 
produced in the United States 
(Thousand short tons, gross weight) 


Compounds 1968 1969 p 
Ammonium oitrate 5,737 5,593 
Ammonium sulfate............ 2,002 1,931 
Ammonium phosphate 4,129 4,492 
Nitric acid. ................-- 6,362 6,254 
(ht S LL y us ees 2,428 2,709 


P Preliminary. 
Sources: Bureau of the Census and Tariff Com- 
mission. 


DOMESTIC PRODUCTION 


The production of nitrogen compounds 
during 1969 increased 5 percent over the 
previous year. Nitric acid decreased 3 per- 
cent, anhydrous ammonia increased 5 per- 
cent, ammonium nitrate decreased 7 per- 
cent, ammonium sulfate decreased 3 
percent, ammonium phosphate output in- 


1 Chemical engineer, Eastern Field Operation 


Center, Pittsburgh, Pa. 
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creased 9 percent, and urea increased 12 
percent. 

Production rates for ammonium sulfate 
were cut back bDecause of increasing in- 
ventories. The reduction was attributed to 
yearend cutbacks in exports to India and 
Pakistan by the U.S. Agency for Interna- 
tional Development (AID), and an in- 
creased use of higher analysis nitrogen 
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compounds by domestic and foreign con- 
sumers. 

Recent nitrogen plant closings and start- 
ups followed past trends of discontinuing 
operations of small, marginal plants and 
the starting of new, large, modern ones. 

Production of high-purity nitrogen in 
1969 was 7 percent higher than it was for 
the previous year. 


Table 4.—Recent nitrogen plant closings and startups 
(Capacities in short tons per year) 


Closings Startups 
Company Location 
Type of Date Capacity Type of Date Capacity 
plant closed closed plant started started 
Air Products & E. Fishkill, N. . Nitrogen l 
hemical, Inc. as 1969 (2.4 bef) 
American Cyanamid Fortier, Laa Malamine 
Co. urea 1971 80, 000 
American Oil Co... Huntington, Ind. Anhydrous Sept 
ammonia... 1969 30,000 
D u Texas City, Tex... June 
PENE: GEN 1969 300, 000 
Central Farmers N. Orleans, La June 
Fertilizer Co. d 22 1969 350, 000 
Chevron Chemical  Kennewick, Wash. Nitric acid... June 62,500 
o. Ammonia..... 1969 365,000 
Hills Chemical, Inc. Borger, Te Anhydrous 
ammonia... 1970 246,300 
International Cordova, III.. Anhydrous 
Minerals & ammonia... 1969 100,000 
Chemical Co. 
Monsanto's El Dorado, Ark. . Ammonia 1969 
Chemical Co. C 1969 
U.S. Industrial Danville, III. 
Chemical Co. 
Dó ³·ð w Se Tuscola, III 
D. M. Weatherly Co St. Helens, Oreg... Ammonia..... 
Nitrates...... 1969 
Wycon Chemical Co. Cheyenne, Wyo... Nitric acid 1969 25,400 
Ammonium 
nitrate... .. 1969 50,000 
Vistron Corp Lima, Ohio. ...... Ammonia..... 1970 
Urea 1970 140, 000 


CONSUMPTION AND USES 


The most important use for nitrogen in 
the United States was for fertilizers. The 
nitrogenous compounds consumed in this 
manner were ammonia (liquid or gas), 
ammonium nitrate, ammonium sulfate, 
ammonium phosphate, potassium nitrate, 
ammonium polyphosphate, and urea. Ac- 
cording to the U.S. Department of Agricul- 
ture the total nitrogen consumption for 
fiscal year 1969 was 6,833,000 tons com- 
pared with 6,788,000 tons in 1968. Poor 
weather and a possible decrease in domes- 
tic acreage was responsible for this low 
growth rate. The 1969 domestic consump- 
tion of nitrogen in tons, for the year end- 


ing June 30, by regions, was as follows: 
New England, 41,000; Middle Atlantic, 
230,000; South Atlantic, 758,000; East 
North Central, 1,234,000; West North Cen- 
tral, 2,060,000; East South Central, 491,000; 
West South Central, 980,000; Mountain, 
376,000; Pacific, 604,000; and other United 
States, 50,000. The average percentage of 
nitrogen content in mixed fertilizers was 
9.0 percent, which was a gain of 0.75 per- 
cent from an average of 8.8 percent in 
1968. 

By the end of 1969, inventories of nitro- 
genous fertilizers were 6 percent lower 
than they were at the end of 1968. 


PRICES 


Agricultural nitrogen prices tended .to 
remain firm as consumption increased 
slightly and inventory reductions occurred 


during the year. The December ending in- 
ventory for nitrogen products as a group 
was down 8 percent from 1968. However, 


NITROGEN 


two products showed sizable increases—am- 
monium sulfate, up 30 percent, and urea, 
up 18 percent. 


Anhydrous ammonia, bulk wholesale 
prices, ranged between $50 and $92 per 
ton. The American Oil Company estab- 
lished a retail price of $75 per ton in the 
high plains area of West Texas, effective 
August 15, 1969. 
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The diammonium phosphate price 
schedule for June 30, 1969, was $60 per 
ton f.o.b. bulk rail cars, Florida and Ten- 
nessee. The microammonium phosphate 
bulk price was $63 per ton. 


Sun Oil Co. increased wholesale prices 
for agricultural grade anhydrous ammonia 
on September 30, 1969 to $50 per ton f. o. b. 
Marcus Hook, Pa. 


Table 5.—Price quotations for major nitrogen compounds in 1969 


(Per short ton) 


Compound Jan. 6 Dec. 22 
Ammonium nitrate, fertilizer grade, 33.5 percent nitrogen, bulk, carload lots, f.o.b. 
WOLKE =o ceria ð n ̃ĩð d d pd y M CER d aS Sus t re $45-47 $45 
80 pound bags (sume basis) ee c eecee EES gece 50-55 2 
Ammonium sulfate, standard grade, bulk, carload lots, f.o.b. works. 28-31 28-37 
Bags; Uh ³oW.wmiAA o·¹w d ³ SSMUS RS S MR 7 7 
Anhydrous ammonia, fertilizer, tanks, 5 equalized east of Rockies 50-92 50 
Aqueous ammonia 29.4 pereent )))) ĩ MORENO SE ĩ sasana s alas 87-95 65 
Sodium nitrate, domestic, agricultural, bulk, carload lots, f.o.b. works 47 47 
Bees, cwt., LOD: rr 51 51 
Sodium nitrate, imported, commercial, bulk, carload lots, f.o.b. port warehouse..... 44 45.50 
e Bags, cwt., f.o.b. port warehouse. EE ĩðͤ Ä ĩ amat 48 49. 50 
rea: 
Industrial 46 percent nitrogen, bags, carlots, delivered freight equalized. . ..... 92 94 
Agricultural 46 percent nitrogen, bulk, carlots, delivered freight equalized _ __ 63 92 
Agricultural 45 percent nitrogen, bulk, carlots, WOIEB. 222-2: 8 61 61 
Diammonium phosphate, fertilizer grade, 18-46-0 bulk, carlots, f.o.b. works 60-94 54-60 


Source: Oil, Paint and Drug Reporter. 


FOREIGN TRADE 


Nitrogen exports in 1969 were more 
than double that imported. Nitrogenous 
fertilizer materials accounted for 93 per- 
cent gross weight of the nitrogen exported; 
industrial chemicals comprised the remain- 
ing 7 percent. 

The gross weight of nitrogenous fertiliz- 
ers exported in 1969 were 15 percent less 
than that shipped in 1968; the dollar de- 
crease was 16 percent. Even though the 
gross weight decreased in 1969, the nitro- 
gen content increased slightly, which. indi- 
cated sales of more concentrated materials. 


Urea exports for 1969 showed a gain of 
29 percent over the 1968 total; however, 
the value in dollars rose 38 percent. 

The U.S. Government’s domestic and 
foreign policy has a profound effect on 
markets and fertilizer supplies. The export 
market is directly affected by the AID— 
supported fertilizer sales, especially to de- 
veloping countries in Asia, Exports in 1969 
were equal to the annual production of six 
1,000-ton-per-day ammonia plants operat- 
ing at capacity. 

Imports of fertilizer materials increased 8 
percent in 1969. 


WORLD REVIEW 


World output of nitrogenous fertilizers 
for the 1969 fiscal year ending June 30 in- 
creased by 14 percent over the previous 
year, while consumption rose by 13 per- 
cent, according to the German nitrogen 
marketing syndicate Ruhr-Stickstoff AG of 
Bochum. 


A fast growth in West European syn- 
thetic ammonia capacity was instrumental 


in the increase of 5.5 million tons nitrogen 
of ammonia capacity in the world at large 
in the fiscal year. 


At the end of the 1969 fiscal year, the 
synthetic ammonia capacity in the world 
was 45.3 million tons of nitrogen, as stated 
in Ruhr-Stickstoff report; this represents a 
doubling of the capacity in a 5-year pe- 
riod. 
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Table 6.—U.S. exports and imports for consumption of major nitrogen compounds 


(Thousand short tons and thousand dollars) 


1968 1969 
Compounds 
Gross Nitrogen Value Gross Nitrogen Value 
weight content weight content 
EXPORTS 
Industrial chemicals: Anhydrous ammonia 
and chemical grade aqua (ammonium con- 
CONG) HEEN 80 66 $3,592 265 217 $6,830 
Fertilizer materials: 
Ammonium nitr ate 89 30 4,022 112 38 5, 728 
Ammonium phosphates and other nitro- 
genous  phosphatic-type fertilizer 
materials. ounce. eue sm MEE 1,270 229 76,308 942 170 50,744 
Ammonium sulfate. .................- 1,995 293 48,844 812 171 28,988 
Anhydrous ammonia and aqua (ammonia 
content). ul. u u c cce DRE 720 590 22,889 857 708 26,241 
Nitrogenous chemical materials, n.e.c. .. - 26 8 1,810 30 9 2,122 
Sodium nitrat᷑ee 1 ( 86 (1) (1) 52 
TOR ENCORE NO NE CU EM 461 212 28,921 596 274 39,944 
!! 4,042 1,428 186,472 3,614 1,582 160,039 
. IMPORTS 
Industrial chemicals: Ammonium nitrate (1) (1) 2 (1) (1) 6 
Fertilizer materials: 
Ammonium nitr ate 227 76 11.344 233 78 11,716 
Ammonium nitrate-limestone mixtures 7 1 210 (1) (1) 
Ammonium phosphates 247 47 17,264 278 52 18,391 
Ammonium sulf ate 131 28 4,352 138 29 4,576 
Calcium cyanamide or lime nitrogen 17 4 1,709 14 3 878 
Calcium nitrate. _.......-.-.-----.--- 42 7 99 50 8 1,195 
Nitrogen solutions 72 22 3,232 91 27 8,976 
Anhydrous ammon ia 401 329 18, 500 447 367 20, 577 
Potassium nitrate or salt peter, crude... 16 2 65 11 1 449 
Potassium nitrate, sodium nitrate mix- | 
enk EEN 28 4 1,009 87 6 1,370 
Sodium oaitrate 22 eee 205 83 6,715 184 29 5,252 
TOG MODE 248 114 15,471 285 131 18,561 
Other... 2222e6e9—-2220c7 5 5 m. cu 11 2 767 16 8 981 
. ⁰¹—dw d ati cr ss 1,652 669 82,221 1,779 734 2 87,928 


1 Less than Le unit. 


The leading nitrogenous fertilizer im- 
porter in fiscal 1969, was Communist 
China, followed by India, the United 


States, Indonesia, and Turkey. 

The United States continued to be the 
leading exporter of nitrogenous fertilizers, 
a fact which was attributed to AID pro- 
grams. 


Algeria.——SONA'TRACH, the State-owned 
gas and oil concern, has brought several 
plants on stream at Arzew with capacities 
of 330,000 tons per year of ammonia, 
132,000 tons per year of nitric acid, 165,000 
tons per year of ammonium nitrate, and 
132,000 tons per year of urea. Until these 
plants began operation in 1969, all nitro- 
gen products in Algeria had been im- 
ported, mainly from France. 

About 203,000 tons per year of ammonia 
will be available from the Arzew complex 
for export. 

The start of the nitrogenous fertilizer 
complex at Arzew represents a turning 
point in Algerian industry and 
agriculture. 2 


? Data may not add to total shown because of independent rounding. 


Australia.—During 1969, Eastern Nitro- 
gen, Ltd., started up a fertilizer complex 
at Kooragang Island, Newcastle, New 
South Wales, Australia. The synthetic am- 
monia capacity is 175,000 tons per year. 
The ammonia nitrate capacity is 144,000 
tons per year. Eastern Nitrogen is 51 per- 
cent owned by Imperial Chemical Indus- 
tries of Australia and New Zealand, Ltd., 
23 percent by Sulphide Corporation Pty. 
Ltd., 10 percent by King Ranch Pty. Ltd., 6 
percent by Mitsui and Co., and the re- 
maining 10 percent by various Australian 
institutions. 

In August 1969, Austral-Pacific Fertilizer, 
Ltd., started a 580-ton-per-day synthetic 
ammonia plant. 3 

Early in 1969, Kwinana Nitrogen, Ltd., 4 
started and brought into full production a 
fertilizer complex of 100,000 tons per year 


2 Chemical Week. V. 104, No. 17, April 26, 1969, 
pp. 76-77. 

3 European Chemical News. V. 16, No. 410, Dec. 
12, 1969, p. 6. 

4 Chemical Age (London). V. 99, No. 2602, 
May 3, 1969, p. 24. 


NITROGEN 779 


Table 7.—World production and consumption of fertilizer nitrogen compounds, 


years ended June 30, by principal countries r 
(Thousand short tons of contained nitrogen) 


Production e Consumption ° 
1966-67 1967-68 1968-69 1966-67 1967-68 1968-69 


— C -—-—————————————  ———————————————————— awr x a 
Argentina. ui El 1 8 28 31 29 98 
ei PE PESS Duet 48 61 105 119 151 176 
Pr, eC ———Ó—— € 257 268 280 99 111 128 
Beg... RESP n OSEE 851 897 441 174 170 193 

l._..--------------------------- 7 9 10 75 134 159 

d.i, UEM ————— a 327 890 556 298 858 408 
77 ²˙˙ä u EEEE cece eee ses 526 627 717 805 858 397 
Ceylon—— -0nnanntnnne er Se zs 48 61 57 
Ehlen 165 187 138 40 1 
China, mainland. ...............-.... 860 987 1,086 1,955 1,791 2,304 
Sole 8 38 44 45 

hh 8 6 11 13 159 220 299 

Czechoslovakia 277 288 289 289 838 33 
Denmark u. ul ⁵ð Eee Se RS 50 65 53 287 261 281 
Finland. cuoio eR RE su ss 88 88 125 111 110 144 
FFF! AAA 8 1.808 1,308 1,590 1,079 1,279 1,384 
Germany 

lll! Q 379 370 387 477 43 568 
West. sls z uum s Ea cab 1,655 1,718 1,762 980 1,047 1,028 
e.. Ee 1 29 153 163 

Hung ³⅛ðV-A A Rees 184 212 279 234 261 335 
1 ˙ꝛ.. C usss 340 427 585 936 1,252 1,882 
IndOLlho8IlB.. 22.22-24.09 ems 46 47 48 121 1 
Fi“ See EE 38 50 44 54 58 69 
ageet z ͤ A E A O 28 26 81 91 
Maly AMEN INDONESIA 1,086 1,179 1,168 585 536 571 
CT cuoco eos ĩ acess 1,972 2,243 2,918 919 1,160 1,268 
Korea 

e Ka d RE 123 143 168 123 148 163 
Sf ĩ 8 96 262 358 295 342 342 
Malawi, Southern Rhodesia, Zambia WE 2 51 73 66 
el E 176 191 216 841 828 880 

Netherlands. 754 986 1,047 872 879 889 
Nee eer 359 410 411 68 7 
Pakistan... ß iss 103 115 166 288 298 826 
C/ ood xcd. eua aere: 19 28 20 41 58 52 
Fp coa rez RE 28 55 49 72 93 99 
FSA 509 655 887 518 620 750 
Fon RAE ls. 127 132 142 85 112 116 
Rumania... 222-2 eis ce esos 291 410 464 228 850 864 

South Africa, Republic of.............. 85 99 160 108 144 159 
SFF Ee 866 481 536 466 536 622 
Sweden 132 153 163 181 200 211 
Switzerland 31 40 39 34 35 35 

I., ³ÄW . ͤ ⁰ sZ Sasu 192 195 222 204 193 216 

Trinidad . 332 405 262 7 
ff ²⁰˙·-wl ¼⅛o r E e LAS 36 86 88 121 152 182 
iP elm. c 8,131 8,806 4,604 2,928 8,405 8,807 
United Arab Republic 179 172 132 
United Kingdom................--... 787 885 958 753 824 886 
United States 6,268 6,872 6,985 6,354 6, 588 6,883 
Vietnam, South. ..................... es ae ae 
Yugoslavia... sone . . .. . . . . 1. TTE 116 125 130 218 249 269 
Other: 

North America 1.___ . 53 72 67 127 142 165 
South America 15 17 80 47 54 67 
MT EE 8 14 28 26 82 50 
111 67 125 149 295 301 848 
JVC 4 7 21 176 212 238 
Gees, ³ðV?w e e eEdE OA zs ed zs 12 14 17 
World total 224,495 227,872 80,582 24,887 26,848 29, 468 
Estimated losses (in transit, bag- 
ging, e, uc uc ele s -— =Z — 865 408 442 


e Estimated. r Revised. 
1 Includes Central America. . 
2 Data may not add to total shown because of independent rounding. 


Source: Nitrogen (London). No. 63 January-February 1970, pp. 18, 14. 
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synthetic ammonia, 90,000 tons per year 
nitric acid, and 110,000 tons per year am- 
monium nitrate. 

Australia's increased nitrogen capacity 
during 1969 has made the country self-suf- 
ficient in fertilizers. 

Belgium.—Ammoniaque Synthetique et 
Derivees SA, of Willebrock was construct- 
ing a 110,000-ton-per-year nitric acid plant. 
The plant will produce 53 ard 58 percent 
acid and is expected to start up in 1971.5 

Brazil.—Companhia Ultrafértil S.A. was 
constructing a 455-ton-per-day ammonia 
plant at Piassaguera, which is scheduled 
for completion in 1970. 

Petróleo Brasileiro S.A. was developing 
its Conjunto Petroquimica da Bahia opera- 
tion to process natural gas to produce 200 
tons of ammonia and 250 tons of urea per 
day. The plant location is at Camaceri, 
Bahia. 

Burma.—Two urea plants were under 
construction, the Sale Chemical Fertilizer 
plant, Chauk, scheduled for full operation 
in December 1970 with an annual capacity 
of 75,000 tons of urea; a second to be op- 
erated by Kyunchaung Chemical Fertilizer 
plant, with annual capacity of 77,000 tons 
of urea and scheduled for full operation 
February 1971.6 

Czechoslovakia.—A nitrogenous fertilizer 
plant designed by Frederick Uhdo for 
Duslo NP, of Sala, Czechoslovakia was 
scheduled for operation at the beginning 
of 1972. The plant will have a capacity of 
210,000 tons per year of ammonia, and 
210,000 tons per year of urea. Duslo NP 
already has plants at Sala producing am- 
monia and urea, each with capacities of 
100,000 tons per year. 7 

Egypt.—The Helwan and Assiut ferti- 
lizer plants of the Chemical Industries Or- 
ganization were producing 220,000 tons per 
year of nitrofertilizers. The Talkha plant 
will start in 1972 and have an annual ca- 
pacity of 518,000 tons. 

Finland.—Rikkihappo Oy brought on 
stream during June 1969 a 132,000-ton- 
per-year monoammonium phosphate unit. 
This plant is expected to be expanded by 
220,000 tons per year during 1970. The 
monoammonium phosphate produced at 
this plant was used for compounding in 
other plants operated by the company. 

A new ammonia plant in Finland was 
on stream at Ouln for Typpi Oy. The plant 
was designed by Humphrey's & Glasgow 
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Ltd., with a capacity of 825 tons per day. 
The Typpi Oy plant ammonia synthesis 
loop was designed to operate at a pressure 
of 300 atmosphere. 

Nitrogen was being used in greater 
quantities for grassland in Finland. Forest 
fertilization was receiving attention. Typpi 
Oy has promoted the use of urea. Work 
on the company’s fourth ammonia plant and 
urea plant was completed in 1969. 8 

France.—Sté Normande de l'Azote SNA's 
ammonia and urea plant was completed 
and put on stream in 1969. The plant has 
a capacity of 298,000 tons of nitrogen per 
year and 291,000 tons per year of urea. 
The ammonia unit operated under the 
Haldor Topse process and the urea plant 
under the Stamicarbon NV process. 

Pechiney-St. Gobain's fertilizer complex 
at Grand Quevilly put their (58 percent 
HNO,) nitric acid expansion plant on 
stream. Plant capacity was 771 tons per 
day of nitric acid and it operated under 
the Pechiney-St. Gobain and Pintsch-Bar- 
nag process. 9 

Germany, West.—UEBA-Chemie at Gel- 
senkirchen, are constructing an ammonia 
plant with capacity of 425,000 tons per 
year; completion was scheduled for late-in 
1971. 

Badische Anilin und Soda-Fabrik AG or- 
dered a 375,000-ton-per-year urea plant to 
be erected in Ludwigshafen for operation 
during 1971. 

Erdolchemie G.m.b.H. increased ammonia 
capacity to 330,000 tons per year, nitric 
acid to 243,000 tons per year, and ammon- 
ium sulfate to 28,000 tons per year at their 
Cologne complex. 10 

Greece.—Northern Greece Chemical In- 
dustries SA, owned by Pechiney-St. Gobain, 
National Bank of Greece, and the Bodos- 
sakis industrial group, placed an 
87,000-ton-per-year nitric acid plant and a 
93,000-ton-per-year ammonium nitrate 
plant on stream, at Thessaloniki, during 
October 1969. 11 

Hungary.—Production of nitrogenous 
fertilizers rose 23 percent in Hungary in 


5 Chemical Age 
Jan. 2, 1970, p. 6. 

$ Nitrogen (London). No. 63, January-February 
1970, pp. 7, 8. 

7 Work cited in footnote 6. 

8 Page 6 of work cited in footnote 6. 

9 Pages 5-6 of work cited in footnote 6. 

10 Work cited in footnote 9. 

D Work cited in footnote 6. 


(London). V. 100, No. 2633, 
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1969, to 1.6 million tons, according to fig- 
ures releašed in Budapest. 12 

India.—Late in 1969, AID reported a 
gradual increase in fertilizer use during the 
1969 growing season. India announced an 
intention to import $280 million worth of 
urea, ammonium sulfate, calcium ammon- 
ium nitrate, and other fertilizers for the 
1969-70 growing season. 

An $82 million fertilizer complex in 
Kanpur, India came on stream late in 
1969. The plant operated by Indian Explo- 
sive, Ltd., had a capacity of 200,000 tons 
per year of synthetic ammonia, and 450,000 
tons per year of urea. The complex was 
the largest nitrogenous fertilizer plant on 
one site in India, and increases the coun- 
try’s nitrogen capacity by almost 20 per- 
cent. Indian Explosive, Ltd., is a foreign- 
dominated firm 51 percent owned by 
Britain’s Imperial Chemical Industries, 
Ltd., 12.75 percent by the Government of 
India, 10 percent by the International Fi- 
nance Corp., and the remaining 26.25 per- 
cent by the Indian public. 18 

During 1968 in Punjat State, an aerial 
fertilizer application, was one of the first 
attempts in India to employ this advanced 
agricultural technique to improve food 
production. The aerial application method 
has been employed successfully on rice 
fields in other Asian countries. 

Italy.—Montedison S.p.A. was planning a 
449,000-ton-per-year ammonia unit, and an 
expansion of its ammonium nitrate plant 
at Porto Marthera. 

Soc. Industriale Catanese SpA placed a 
new 330,000-ton-per-year ammonia unit at 
Priolo on stream, as well as a 181,000-ton- 
per-year urea unit. 14 

Consumption of nitrogen fertilizers in- 
creased 8 percent over that of 1968. 


Nitrogen Consumption, 
Compound analysis, percent 
percent 

Ammonium sulfate... ` 21 +11 
o AA 27 —14 
Ammonium nitrate... sI TE 

Calcium nitrate. ..... 16 — 8.5 
Calcium cyanamide. . _ 16 — 6 
res.... cac 46 +46 


Netherlands.—Nitrogenous fertilizer pro- 
duction increased 12 percent in the 1969 
fiscal year, according to the Dutch Ministry 
of Agriculture and Fisheries in Amsterdam. 

This increase was lower than expected, 
since planned expansion of capacities was 
not fully realized. The Netherlands Gov- 
ernment expects production of nitrogen 
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fertilizer to use another 10 to 15 percent 
during the current 1969-70 fertilizer year. 

Netherlands fertilizer exports increased 
52 percent during the 1968-69 year; about 
50 percent of the export volume went to 
Communist China, predominately in the 
form of urea. Total exports from Nether- 
lands were 70 percent of total production 
of nitrogen fertilizers during the 1968-69 
year. 15 

Poland.—The capacity of the Pulawy 
Nitrogen works will be increased to 1.1 
million tons per year of ammonia, 694,000 
tons per vear of urea, and 1.2 million tons 
per year of ammonium nitrate. Startup has 
been scheduled in 1971-72. Production of 
nitrogenous fertilizers for 1969 in Poland 
was 1.0 million tons. 16 

Qatar.—Qatar Fertilizer Co. at Umm 
Said was constructing a fertilizer complex, 
which included a 385,000 ton-per-year am- 
monia plant, and a 365,000 ton-per-year 
urea plant, The complex was designed and 
engineered by Power-Gas Corp. Ltd. The 
ammonia plant will use natural gas as 
feedstock.17 

Spain.—New nitrogenous fertilizer plants 
placed on stream in 1969 increased Spain’s 
fertilizer production capacity by 310,000 
tons per year. Plants started in September 
included one operated by Fostorico Es- 
pafiol SA at Huelva, with a capacity of 
150,000 tons per year ammonium phos- 
phate, and a plant operated by Abonos del 
Sudeste SA at Cartagena, with capacity to 
produce 85,000 tons per year nitric acid 
and 75,000 tons per year of ammonium ni- 
trosulphate. 

The quantities of nitrogen fertilizers 
used in Spain during the last 6 months of 
1969 were 10 percent higher than for the 
same period in 1968, according to the Min- 
isterio de Agricultura. During 1969, 552,000 
tons of available nitrogen were used, com- 
pared with 528,000 tons in 1968. Just 10 
years ago only 75,800 tons of available ni- 
trogen fertilizer was used. The increased 
nitrogen consumption reflects the recent 


12 Chemical Age a ondon): V. 100, No. 2644, 


Mar. 20, 1970, p. 24. 

13 European Chemical News. V. 16, No. 410, 
Dec. 12, 1969, p. ô. 

14 Work cited in footnote 6. 

15 Chemical Age (London). V. 100, No. 2639, 
Feb. 13, 1970, p. 20. 

13 Chemical Age (London). V. 99, No. 2530, 
Dec. 12, 1969, p. 20. 

1! European Chemical News. V. 16, No. 389, 
July 18, 1969, p. 12. 
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rapid growth of the fertilizer industry in 
Spain. 

Refineria de Petroleos de Escombreras, 
SA commissioned an ammonia plant, late 
in 1969, which had a capacity of 874 tons 
per day synthetic ammonia. 18 


Turkey.—A ot Sanarjii TAS of Kuetahya 
accepted from the designer Pintsch Barnaq 
AG of West Germany a (100 percent) ni- 
tric acid plant with a 716-ton-per-day ca- 
pacity. This was the largest nitric acid 
plant in Turkey and one of the largest in 
the world outside of the United States or 
West Europe. 19 


United Kingdom.—Prolonged bad 
weather during 1968 and early 1969 seri- 
ously affected England's fertilizer industry. 
Added to the adverse climate conditions, 
the farmers suffered a sharp drop in pur- 
chasing power because of crop failures and 
credit squeezes. In 1969, the industry had 
an overcapacity of 20 percent for the year 
as a whole. The result was a 15-percent 
drop in prices. Numerous firms were 


MINERALS YEARBOOK, 1969 


forced out of the business or to dispose of 
unprofitable operations. 

Imperial Chemical Industries, Ltd., com- 
missioned a  365,000-ton-per-year  prilled 
ammonium nitrate plant at Billingham. 
This brings the total “Nitrain” capacity in 
the United Kingdom to over 700,000 tons 
per year. 

Stavely Chemicals Ltd., announced the 
commissioning of a plant for the produc- 
tion of a range of substituted ureas, such 
as methyl and ethyl urea. The plant is lo- 
cated at Chesterfield. 20 

Yugoslavia.—Production of nitric acid in 
Yugoslavia increased from 375,000 tons in 
1968 to 538,000 tons in 1969. Nitrogenous 
fertilizers increased from 282,000 tons in 
1968 to 1.0 million tons in 1969, though 
ammonia nitrate output actually dropped 
from 9,600 tons to 9,500 tons. 21 


133 Page 6 of work cited in footnote 6. 

19 Page 5 of work cited in 10 6. 

20 Chemical j (London). V. 100, No. 2636, 
Jan. 23, 1970, 17. 

21 Chemical Age 8 V. 100, No. 2645, 
Mar. 27, 1970, p. 
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The coating of urea with molten sulfur 
to seal pellets against absorbing moisture 
has been successfully carried out by the 
Tennessee Valley Authority (TVA) . 22 

A new process innovation for making 
liquid ammonium polyphosphates was de- 
veloped by Swift Agricultural Chemical 
Corp., through a direct reaction (U.S. pat. 
3,464,808) of anhydrous ammonia with or- 
thophosphoric acid, producing solutions 
and suspensions of ammonium polyphos- 
phates. Two plants were operating, pro- 
ducing up to 8 tons per hour of 12-40-0 
grade. 

A new process for the production of ni- 
tric acid which reduces pollution, designed 
by Chemical Construction Co. and Brit- 
ain's Humphrey & Glasgow Ltd., eliminates 
waste-heat boilers in the ammonia-oxida- 
tion-water absorption route to nitric acid. 

A new fertilizer mixture which combines 
various sources of nitrogen, phosphorus, 
and potassium in a polymeric compound 
was developed and produced by O.M. Scott 
& Sons, Co. Marysville, Ohio. The poly- 
form fertilizer offers important reductions 
in weight and bulk. 

Georgia Institute of Technology, working 
with the Perlite Institute, Inc., developed 
an economic process for the manufacture 
of a lightweight fertilizer, containing per- 
lite, by a wet granulation process. 


This year ammonia was being trans- 
ported by long-distance pipeline for the 
first time. The Mid-America Pipeline, 
which extends 850 miles from Texas to 
Iowa, was put into operation in the spring 
of 1969. The Gulf Central Pipeline, which 
extends 1,700 miles from Louisiana to Mis- 
souri for distribution of ammonia to the 
middle west farming States, was started 
during the summer of 1969. 


Research at Michigan State University 
revealed that ammonia can be used instead 
of urea as a nitrogen additive for cattle 
feed. Ammonia is about one-third the 
price of urea, and unlike humans, rumi- 
nants can use simple nitrogen to form 
amino acids, the basic of protein.23 


A new process for the production of 
monoammonium phosphate has recently 
been developed by the Swift Agricultural 
and Chemical Corp. of Chicago. The reac- 
tion between liquid ammonia and 50 per- 
cent phosphoric acid takes place at atmos- 
pheric pressure and the product is a finely 
divided solid phosphate which can be used 
directly in mixed fertilizers. 24 


22 Fertilizer Feed and Pesticides Journal. V. 66, 
No. 4, Apr. 1969, p. 6. 
P E Week. V. 105, No. 6, Aug. 9, 1969, 


24 Page 9 of work cited in footnote 12. 


Peat 


By Keith S. Olson 


Peat production in the United States de- 
creased nearly 8 percent in quantity in 
1969, reversing a 3-year trend of increased 
output. Commercial sales declined nearly 9 
percent in quantity and more than 2 per- 
cent in value. Michigan was again the 
largest peat-producing State. Imports of 
peat increased 4 percent over those of 
1968, remaining at about one-half the do- 


mestic output. The total amount of peat 
available for consumption, consisting of 
commercial sales plus imports, decreased to 
the lowest level in 6 years. World produc- 
tion of peat was estimated at 219 million 
tons, an increase of nearly 5 percent over 
that of 1968. The Soviet Union supplied 
an estimated 96 percent of the world peat 
output. 


DOMESTIC PRODUCTION 


The major decline in peat production 
was due to lesser demand for material 
used for soil improvement, with a decrease 
of 12 percent in quantity from that of 
1968. Twenty-three States produced peat in 
1969 compared with 25 in 1968. Of the 
States reporting production, increased peat 
output in Florida, Illinois, and seven other 
States was more than offset by decreases in 
Michigan, New Jersey, Washington, and 10 
other States. Production remained un- 
changed in one State. Michigan was the 
largest peat- producing State with 33 per- 
cent of the Nation's output. The number 
of active operations decreased from 135 in 
1968 to 128 in 1969. Average output per 
plant was 4,470 tons, compared with 4,585 


tons in 1968. Operations producing less 
than 5,000 tons of peat in 1969 accounted 
for 76 percent of the number of plants but 
only 24 percent of the total output. Four 
plants each produced more than 25,000 
tons and represented nearly 29 percent of 
the total output. 

Reed-sedge peat comprised more than 58 
percent of the domestic output in 1969, 
humus peat 24 percent, and moss peat 
more than 17 percent. In 1968, reed-sedge 
peat represented 55 percent of the total, 
moss peat 28 percent, and humus peat 17 
percent. About 46 percent of the total out- 
put was cultivated during the year. Nearly 


1 Industry economist, Bureau of Mines, Minnea- 
polis, Minn. 


Table 1.—Salient peat statistics 


1966 1967 1968 1969 

United States: 
Number of operations 144 131 135 128 
Production short tons 611,085 617,172 618, 995 572, 122 
Commercial sales do.... 605, 858 619,687 619,161 565,760 
Value of sales thousands.. $6,501 $6,768 $7,230 $7,055 
Average per ton... 10.78 10.92 11.68 12.47 
e, ß co eee ae short tons.. 293,843 280 , 842 287, 600 299 ,997 
Available for consumption III.. do.... 899,701 900 , 529 906,761 865,757 
World: Production thousand short tons... 224,041 218,546 208,428  »218,584 


P Preliminary. 
! Commercial sales plus imports. 
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Figure 1.—Production, imports, and available supply of peat in the United States. 


82 percent of the peat was processed; most 
of this was only shredded, and lesser 
amounts were only kiln-dried or kiln-dried 
and shredded. The remainder was sold 
after air-drying only. Equipment used to 


draglines, bulldozers, power shovels, and 
specialized harvesting machines used at a 
few of the larger operations. Processing 
equipment included shredders, hammer- 
mills, pulverizers, grinders, screens, artifi- 


harvest peat included front-end loaders, cial dryers, and hydraulic presses. 
Table 2.—Peat produced in the United States in 1969, by kinds 
(Short tons) 
Processed 
Kind Unprepared ` ————————————————————————— Total 
Shredded Kiln-dried Shredded and 
only kiln-dried 

— ̃ͤ— pene 14,791 78,129 1.744 4,350 99,014 
Reed-sedg .......... 21,077 310, 542 2,010  — ¿sxs 334,229 
MINUS. casos l J.Q 67,503 67,607 450 3,319 138,879 
TOR. esos eame 103,371 456,278 4,804 7,669 572,122 
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Table 3.—Production and commercial sales of peat in the United States in 1969, 


by States 
Commercial sales 
State Active Production Value 
plants (short tons) Short 
tons Total A 
housands) per ton 
alte — 8 11,895 11,395 $106 $9.80 
Colorado. eee 15 26,108 26,108 160 6.18 
NC ˙·AAA 1 I 11 55,265 55,265 859 6.49 
6 o: p ER 2 w w w 
o su sORSERE EO 2 1 L; 1,000 w w 
Aer 8 8 67,330 67,880 958 14.22 
) 8 6 27, 554 38,214 515 13.47 
1Jꝙ7%C(ſͤͤͤ ³¹¾¹i¹¹ʃw ⁰ uu Ls 2 w W W 
Mane... ooo e rorem Ecce es 12 5,269 50 w 
Maryland. A —T2T—ꝛ— E 2 5,407 4,481 78 17.87 
Massachusetts 1 W W W w 
Michigan l 22 189,447 186,278 2,724 14.62 
Minnesota... a ------.- 18 16,470 12,026 249 20.74 
Montana 1 W W w 
New Jerez 4 46,867 46,867 551 11.89 
New Mexico... .. ---------2----- 1 446 446 4 10.00 
New YOR EES 5 14,990 14,352 178 12.42 
BU GE 211 , 350 10,848 116 10.78 
Pennsylvania 110 89,618 84,618 407 11.76 
South Carolin 1 w W W W 
Vermont... . . .. .. . . .....-- 1 180 180 4 21.11 
Washington... ------------------ 9 82,684 82,684 184 4. 
et qa don y 2 1,985 1,761 155 88.00 
Total —— —— 128 572,122 565,760 7,055 12.47 
W Withheld to avoid disclosing individual company confidential data; included in total. 
Includes 1 plant which had production, but no sales. 
? Excludes 2 plants which had sales, but no production. 
Table 4.—Relative size of peat operations in the United States 
1968 1969 
Siya Active plants Production Active plants Production 
Number Percent Short Percent Number Percent Short Percent 
of total tons of total of to tons of total 
Under 500 tons 80 22.2 6,588 1.0 29 22.7 5,245 0.9 
500 to 999 tons 1 12.6 11,085 1.8 17 18.8 11,424 2.0 
1,000 to 4,999 tons 59 48.7 135,980 22.0 51 89.8 118,210 20.7 
5,000 to 14,999 tons 20 14.8 176,980 28.6 22 17.2 185,846 82.5 
15,000 to 24,999 tons... 5 8.7 93,717 15.1 5 8.9 88,820 15.4 
Over 25,000 tons 8.0 194,750 81.5 4 8.1 168,077 28.5 
Total 135 100.0 618,995 100.0 128 100.0 572,122 100.0 


CONSUMPTION AND USES 


About 86 percent of the total peat was 
sold for general soil improvement. Other 
uses for peat included packing material for 
flowers and shrubs, potting soils, seed in- 
oculant, mushroom beds, earthworm culture, 
and mixed fertilizers. Major outlets for 
peat were nurseries, greenhouses, landscape 
gardeners, contractors, and retail stores. No 
sales of peat for fuel or energy uses were 
reported in the United States. Sales of peat 
in bulk form accounted for 52 percent in 
quantity and 32 percent in value of all do- 
mestic peat sales. The remainder was sold 
in packaged form. Compared with 1968, 
bulk sales decreased 2 percent in quantity 
and 4 percent in value. Sales of packaged 


peat were down nearly 15 percent in 
quantity and 1 percent in value. Sales of 
packaged peat for general soil improve- 
ment decreased nearly 16 percent in 
quantity and 3 percent in value. Nearly 82 
percent in quantity and 77 percent in 
value of the packaged peat of domestic or- 
igin sold in 1969 was reed-sedge peat, most 
of which was produced in Michigan. Other 
States with large sales of packaged peat in 
descending order of tonnage were Illinois, 
Indiana, New Jersey, and New York. A com- 
plete and meaningful tabulation of bulk 
and packaged peat by State cannot be pub- 
lished without disclosing individual com- 
pany confidential data. 
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Table 5.—Commercial sales of peat in the United States in 1969, by kinds and uses 
(Thousand short tons and thousand dollars) 


v Moes Reed-sedge Humus 
se 
Quantity Value Quantity Value Quantity Value 
Bulk: 
Soil improvement........... 56 $522 90 $716 80 $546 
Other uses 10 68 14 | 112 41 268 
Tot!!! gea 66 590 104 828 121 815 
Packaged: 
Soil improvement........... 82 675 214 8,244 13 217 
Other uses 2 85 10 446 4 205 
„ onandia 34 710 224 3,690 17 422 
Total: 
Soil improvement 88 1,197 304 3, 960 98 768 
Other uses 12 108 24 558 45 474 
Grand total II.. 100 1,299 328 4,519 138 1,287 


! Data may not add to totals shown because of independent rounding. 


Table 6.—Commercial sales of peat in the United States in 1969, by uses 


(Thousand short tons and thousand dollars) 


ü In bulk In packages Total! 
se 
Quantity Value Quantity Value Quantity Value 
Soil improvement 226 $1,784 259 $4,136 485 $5,920 
Potting soils 15 110 12 476 26 585 
Packing flowers, shrubs, etc...... 89 274 1 23 40 297 
Seed inoculant................. (2) 2 186 2 191 
Mushroom beds 2 saan AN 2 16 
Earthworm culture 1 (3) 1 1 11 
In mixed fertilizers.. ........... 9 „ anter d 9 84 
Total 11. 2091 2,288 274 4,822 566 7,055 


1 Data may not add to totals shown because of independent rounding. 


2 Less than 1⁄4 unit. 


PRICES AND SPECIFICATIONS 


Prices for peat at individual operations 
varied greatly depending upon the locality, 
kind of peat, type of packaging, and 
amount of processing. The overall average 
value for peat was $12.47 per ton, exceed- 
ing the previous record high of $11.68 per 
ton set in 1968. Peat sold in bulk form av- 
eraged $7.66 per ton, compared with $7.84 
per ton in 1968. Packaged peat averaged 
$17.58 per ton in 1969, compared with 
$15.25 per ton in 1968. Average value of 
imported peat, which includes the price 
paid by importers, less transportation and 
various other charges, was $45.84 in 1969, 
an increase of $1.28 per ton from that of 
1968. 

Although the average value of imported 
peat is shown as being nearly three times 


that of domestically produced packaged 
peat, the two are not directly comparable. 
The values are established at different 
marketing levels, and imported peat has 
different physical properties from that 
produced in the United States. Each 100 
pounds of imported air-dried peat usually 
contains a considerably greater volume of 
material than the same weight of domesti- 
cally packaged peat. 

Major classifications for peat in the 
United States are moss, reed-sedge, and 
humus. Moss peat is formed from sphag- 
num, hypnum, or other mosses. Reed-sedge 
peat originated principally from reeds, 
sedges, and other swamp plants. Peat 
which is too decomposed for identification 
of its botanical sources is classified as 
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The American Society for Testing and 
Materials has released standard classifica- 
tions for peat and related products effec- 
tive April 25, 1969.2 


humus peat. The labeling of peat sold in 
the United States is under the regulation 
of the Federal Trade Commission. 


FOREIGN TRADE 


egories—fertilizer grade, which accounted 


Imports of peat increased about 4 per- 
for 99 percent in quantity and in value of 


cent in quantity and 7 percent in value 


over those of 1968, exceeding the previous 
record established in 1966. Major reason 
for the gain was an increase of about 
25,000 tons in imports from Canada which 
supplied 95 percent of the nearly 300,000 
tons of peat imported into the United 
States. The remaining imports were from 
Europe except for small amounts imported 


the total imports, and poultry and stable 
grade, which comprised the remainder. 
Fertilizer-grade peat enters the United 
States duty free, whereas a duty of $0.25 
per long ton is levied on poultry and sta- 
ble-grade peat. 


Peat entering the United States through 
the Buffalo and Ogdensburg, N.Y., Detroit, 


from Taiwan and Mexico. Imports from 
Europe declined 31 percent, owing chiefly 
to a decrease in imports of peat from West 
Germany, which supplied about 3 percent 
of the total imports. Other leading sources 
of imported peat in descending order of 
quantity were Poland, Ireland, and Swe- 
den. Peat imports are classified in two cat- 


Mich., Pembina, N. Dak., St. Albans, Vt., 
and Seattle, Wash., customs districts repre- 
sented 89 percent of the total peat im- 
ports. 


? American Society for Testing and Materials, 
Committee D-29. ASTM Designation: D-2607-69. 
Apr. 25, 1969. 


Table 7.—U.S. imports for consumption of peat moss, by grades and by countries 


Poultry and Fertilizer grade Total 
stable grade 
Country ———— 
Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
1968 
f às eer, A 55 5 
Canada................-..-..- 1,428 $57 258,771 11,580 260,199 11,667 
Denmark... cx kates. Sie rem 81 81 
Germany, Wes ttt 259 12 13,439 551 13,698 563 
reiege 88 1 , 024 44 1,062 45 
Netherlands... ilo 459 16 459 16 
Poland... tee eeh, ` 2 N wes bed 5,528 228 5,528 228 
Sell)“, mw. ER dike 579 32 579 82 
Switzerland A 44 2 44 
Trinidad and Tobago. TE 5,821 250 5,821 250 
United Kingdom ina 74 74 
KN WEE 1,725 100 285,875 12,716 287 ,600 12,816 
1969 
Canada _ . eee 2,117 96 282,952 13,014 285,069 13,110 
Czechoslovakia˖ | ..... EM 25 2 25 
Denmark ` 26 l-^ — cuu „ 26 
Einland... odd oes 2 Ch} ——.uenes. — deles 2 (!) 
Germany, West 152 10 9,805 397 9,957 407 
Treland Eegeregie A 40 2 1,293 67 1,333 69 
e ua mS 14 (1) 14 (!) 
r “less Es 11 8 11 8 
ST ME 296 12 2,791 116 3,087 128 
(Ü ͥ˙¹ r ⁰˙¹A AAA AAA aw 49 3 49 8 
Sad. Q sss. E 327 18 827 18 
KA EES Led 1 (!) 1 (!) 
United Kingdom zo 96 6 96 6 
Total... Sol See 2,633 121 297,364 13,631 299, 997 13,752 


1 Less than 14 unit. 
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Table 8.—U.S. imports for consumption of peat moss in 1969, by grades and by 
customs district 


Poultry and Fertilizer grade Total 
stable grade 
Customs district —— h ——— — —V 

Short Value Short Value Short Value 

tons (thou- tons (thou- tons (thou- 

sands) sands) sands) 
Baltimore, M. dE 1,096 $55 1,096 $55 
Boston, Mass | ..--. A 284 14 284 14 
Buffalo, d ucc 20 $1 29,578 1,303 29,598 1,304 
Charleston, S. Wo. Ee 245 11 245 11 
Chicago, Ill ee eas 26 1 26 1 
Detroit, Mich, . 226 14 52,747 2,718 52,973 2,732 
Duluth, Minn.___ 618 20 1,816 86 2,484 106 
Great Falls, Montt. Ste 8,610 445 8,610 445 
Honolulu, Hawaii. ............. 14 1 41 2 55 8 
Husten 8 POR 440 18 440 18 
Los Angeles, Calif. 26 1 1,498 72 1,524 73 
Miami, Fa... roe rra 11 1 525 23 536 24 
Mobile, Ala, . nne E 1,851 19 1,851 79 
New Orleans, Laa. 26 1 2,413 91 2,439 92 
New York, N. . 40 2 1,876 82 1,916 84 
Norfolk, Va. 2 (1) 1,041 39 1,043 39 
Ogdensburg, N. K... ac 10,366 2,927 70,366 2,927 
Pembina, N. Da 781 38 12, 605 500 13, 386 538 
Philadelphia, Pa... .............. 351 15 603 26 954 41 
Portland, Maine 8 (!) 6,829 302 6,837 302 
Portland, Oreg................. 60 5 47 2 107 T 
St. Albans; V. 188 8 53, 488 2,193 53,676 2,201 
San Francisco, Calif. RN 471 16 471 16 
San Juan, P. RR. Eee 170 9 170 9 
Savannah, Ga. ..............-. ----- Bees 414 16 414 16 
Seattle, MWash, -------2------- 262 14 46 , 828 2,536 47,090 2, 550 
Tampa, FAA... Gem PE 1,456 65 1,456 65 
lll! mtus 2,633 121 297,364 13,631 299,997 13 , 752 


! Less than 1⁄ unit. 


Table 9.—Peat moss imported for consumption from Canada and West Germany 
in 1969, by grades and by customs district 


Canada West Germany 
Poultry and Fertilizer Poultry and Fertilizer 
stable grade grade stable grade grade 
Customs district — — — —  — — ůůůͤů— 
Short Value Short Value Short Value Short Value 
tons (t hou- tons (t hou- tons (t hou- tons (thou- 
sands) sands) sands) sands) 
Baltimore, , ðZi ̃ ↄ ⁰¹ —— CES -  QUEGORS cues 554 $23 
Boston, Mass, .d 33 $E. assum. eee, xit | Bee 
Buffalo, N. y. 20 $1 29,578 /// f 
Charleston, S.C... ...r Zeie At — daaro 206 8 
Chicago; ũ itim 88 26 J. „ 
Detroit, Mich... ......... 226 14 52,747 ßõ V 
Duluth, Minn 618 20 1, 816 86 Geson peccal 
Great Falls, Mont, t. 8,596 4457. uu — LLL Cl Cl Suone 
Honolulu, Hawaii........ 14 1 40 %! eee, SEn 
Houston, T6X..—.. occu ee Cee CCC ë ët eeneg seier 290 12 
Los Angeles, Calif.. 2 26 $1 1,218 49 
Miam Ela... ß . mete:  eeeec 11 1 200 9 
lll V Cl 1,851 79 
New Orleans, La ae... ¾ñ  ----- 1,498 54 
New Een, te, Loess Games , , QSsss ` eases 660 24 
Norfolk; Va: cu ]ð§] J DVF 589 22 
Ogdensburg, N. yy. 70, 366 777% ⁰ ˙· are ege, 
Pembina, N. Dak......... 181 88 12,605 5000 xoc ð y “tee — Sabez 
Philadelphia, Pa... ....... ..... | .....  —---. — 55 8 . 491 22 
Portland, Maine 8 (1) 6,829 %%% aas ð — Vx 
Portland, . ˙T—T——ʃ“ ᷑] 60 5 47 2 
St. Albans, Vt. 188 8 53,488 2 10] Los · ë AA Sanas 
San Francisco, Calif.._ l t...... 222-22  ----- 471 16 
SS TP EEGENEN 170 9 
SS nn / ee, c isses 862 15 
Seattle, Was. 262 14 46, 828 O 530: Ee . + matan 
A ↄ ] y seta steed tee). aoee seers 1,198 53 
Total. 2,117 96 282,952 13,014 152 10 9,805 397 


! Less than 1⁄ unit. 


PEAT 


WORLD 


Worldwide peat production in 1969 was 
estimated at nearly 219 million short tons, 
an increase of 5 percent over that of 1968. 

Peat production in the U.S.S.R. was esti- 
mated at 209 million short tons, or 96 per- 
cent of the world total. An estimated 68 
percent of the Soviet peat output was used 
for agricultural purposes including general 
soil improvement and in manufacturing 
fertilizers. The remainder was used princi- 
pally as fuel in generating electric power 
and in Driquet form for domestic and in- 
dustrial uses. 

The second largest peat-producing coun- 
try in 1969 was Ireland with an estimated 
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output of 5.6 million tons. Nearly all of 
the peat produced in Ircland was used for 
fuel in heating and in generating electric- 
ity. A substantial part of Ireland's peat 
output is exported each year. The third- 
ranking peat producer in the world was 
West Germany with an estimated output 
of 1.6 million tons. About two-thirds of 


. the peat produced in West Germany was 


used for agricultural purposes and the re- 
mainder for fuel. The United States was 
fourth in peat output with less than 0.5 
percent of world production. Peat produc- 
tion data for East Germany, a major pro- 
ducer of peat, were not available. 


Table 10.—World production of peat, by countries 1 
(Thousand short tons) 


Country 1967 1968 1969 » 
Argentina, agricultural use NA NA 
Canada, agricultural use 281 293 314 
Denmark, d 88 11 e 6 e 6 
Finland: 
Agricultural use das 137 e 138 e 138 
JJJ%0 2 yd ß 110 110 110 
France, agricultural used 91 e 88 e 88 
Germany, 
Agricultural uses 1.202 e 1, 102 e 1, 102 
| e NE NCMO T NEM x s og NC Ure 362 480 e 476 
Hungary, agricultural use e. ch 72 72 72 
Irelan 
Agricultural TEE 41 . 45 e 44 
———X—€€ vd ĩͤ A E N 5,175 6, 325 e 5,512 
Israel, n MISC 88 22 22 22 
Japan )VVVͥ² ; 8 77 77 77 
Korea, South, agricultural use 94 9 NA 
Netherlands e; ð dy Se as LE E 440 440 440 
Norway: 
Agricultural usee ll lll l.l l2 l2 l-- 9 e 9 e 9 
TEE EE r4 e A e A 
Poland; fuel- EE 45 31 22 
Sweden: 
Agricultural use... r 127 110 e 110 
ATC WEE Lo he ne r 28 e 28 e 28 
U.S.S.R.: 
N ))/)///A k ĩé KK 143, 300 143,300 148,300 
EE 66,359 55,115 e 66,138 
United States, agricultural use 617 619 572 
Total?...:-d.22z22:22c9m224m5m d ese 2, Susah r 218,546 208 , 428 218,584 
Fuel peat (included in totalßꝰ ) r 72,094 62,099 72, 296 


e Estimate. p Preliminary. r Revised. 


NA Not available. 


! In addition, Austria, Canada, Iceland, Italy, and Spain produced a negligible quantity of fuel peat. No 


data were available on East Germany, a major producer. 


2 Total is of listed figures only. 


TECHNOLOGY 


A method for determining standards for 
peat was described. Indicators of peat 
quality taken into consideration were 
weight per volume, pore volume, water- 
holding capacity, and air space. Tech- 
niques of measurement included measuring 
the effect of premoistening by various 
methods on peat standards. 

Results of a study on the feasibility of 


3 Peat & Plant News (Helsinki, Finland). 


reducing production and distribution costs 
of Minnesota peat to a competitive level, 
other peat research, and the potential for 
further research were published.4 


Fixing 
Peat Standards. V. 2, No. 1, First Quarter, 1969, 
pp. 3-8. 

* Minnesota, Department of Iron Range Re- 
sources and Rehabilitation. 1966-1968 Biennial 


Report. January 1969, pp. 9-11 
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Perlite 


By Donald E. Eilertsen 1 


Crude perlite was produced in eight 
States at 20 mines (mostly New Mexico) in 
1969, and the output was exceeded only by 
that of 1967. Expanded perlite, however, 
was produced at 99 plants in more than 30 


States and the output was the largest ever 
reported. The quantity of expanded perlite 
that producers sold or used exceeded 
400,000 tons for the first time. 


DOMESTIC PRODUCTION 


Crude perlite was produced by 15 com- 
panies at 20 mines in eight States in 1969, 
and the quantity mined (613,000 tons) was 
exceeded only by that of 1967. New 
Mexico continued to lead the States in 
output of crude perlite (532,000 tons). 


Other States which produced crude perlite, 
in descending order, were Arizona, Nevada, 
California, Colorado, Idaho, Utah, and 
Oregon. The total quantity of crude perlite 
that producers sold and used (471,000 
tons) was the largest on record. 


Table 1.—Crude and expanded perlite produced and sold or used 
by producers in the United States 


(Thousand short tons and thousand dollars) 


Crude perlite Expanded perlite 
Used at own 
Year Sold plant to make Total Quantity Sold or used 
Quantity expanded quantity ro- 
mine material sold and uced 

—— -_—— — used 

Quantity Value Quantity Value Quantity Value 
1969 22.2222 gto 502 231 $1,731 161 $1,621 392 348 344 $15,391 
1966.........- 548 193 1,799 211 2,108 404 894 394 16, 403 
1986. cso. 638 190 1, 802 223 2,171 413 351 350 15,115 
1968.05 558 202 1, 975 226 2,246 428 889 336 15,265 
19699 613 205 2,087 266 3,013 471 405 402 22,100 


Expanded perlite was produced by 83 
firms in 99 plants in more than 30 States 
in 1969; only 86 plants produced expanded 
perlite in 1968. The output (405,000 tons) 
was the largest ever reported, and likewise, 
the quantity that producers sold or used 


(402,000 tons) was a new record. Illinois 
led the country in production of expanded 
perlite and also in the quantity that pro- 
ducers used and sold. 


1 Physical scientist, Intermountain Field Opera- 
ation Center, Denver, Colo. 
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Table 2.— Expanded perlite produced and sold by producers in the United States 


1968 1969 
Quantity Sold or used Quantity Sold or used 
State produced produced 

(short Quantity Value Average (short Quantity Value Average 
tons) (short (thou- value tons) (short (thou- value 

tons) sands) per ton tons) sands) per ton 
California r 15,880 715,410 $1,116 372.44 16,980 16,410 $1,296 $79.02 
Plone ion eS eto es 9,700 8,590 598 69.63 10,410 9,420 676 71.73 

TiliñoiS.Su u 5n T. (1) (2) 2,919 (2) (1) (1) 3,119 (1) 

Kansgas .------------ 900 930 80 86.42 900 930 80 86.52 
Maryland............... 7,080 6 ,320 457 72.39 1,250 6,740 454 67.44 
New York . 5,120 5,120 295 57.52 4,560 4,550 297 65.26 
Ohio; sess tees ees 7,750 7,750 (1) (1) 7,990 7,990 472 59.02 
Oregon 540 540 40 74.37 510 510 44 86.55 
Pennsylvania 12,170 12,290 869 70.68 12,580 12,860 877 68.19 
JJV ¿L Luz s (2) (2) (2) (2) 34,880 34,870 2,262 64.88 
Other Eastern States 3. 193,840 193,210 4,756 38.20 249,120 247,680 9,821 450.22 
Other Western States 5. 86,110 86,330 4,134 47.89 59,640 60,220 9,202 53.17 
Total . r 339,100 7336,480 15,265 145.37 404,820 402,170 22,100 54.95 


r Revised 

1 Included with “Other Eastern States." 

? Included with “Other Western States.” 

3 Includes Georgia, Illinois (quantity only), Indiana, Kentucky, Maine, Massachusetts, Michigan, 
Mississippi, New Hampshire, New Jersey, North Carolina, Ohio (1968 value only), Tennessee, and Wisconsin. 

4 Based on quantity of 247,678 tons and value of $12,439,571 ($9,320,847 “Other Eastern States" plus 
$3,118,724 for Illinois). 
x: d dd gk Arizona, Colorado, Idaho, Iowa, Louisiana, Minnesota, Missouri, Nebraska, Nevada, Utah, and 

ashington. 

* Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


The disposition of expanded perlite 
according to uses as reported by producers 


Table 3.—Disposition and end-use of 
expanded perlite 


° e e ° P t 
is shown in table 3; insulation board, filter (Eereeno 
aid, building plasters, and concrete aggre- Use 1968 1969 
gate were major uses. Some of the “Other Insulation board................ (1) DI 
a I : . Plaster aggregate r 21 16 
uses" for expanded perlite were paint addi- Filter aid.-------- F r 20 18 
N A : . Concrete aggregate 9 11 
tives, texturing, refractories, roof insula- Masonry and cavity fill insulation. 3 1 
tion, charcoal base, and formed products. K ts SERT 5 E. : 
Low temperature insulation...... (1) 2 
Formed products. .............- 1) , 


, E AE E A r 43 4 


r Revised. 
1 Included in “Other.” 


PRICES 


Producers of crude perlite sold crushed, 
cleaned, and sized perlite to expanding 
plants at an average price of $10.19 per 
short ton compared with $9.78 per ton in 
1968. The portion used by producers in 
their own expanding plants was valued at 
an average of $11.30 per ton compared with 
$9.95 per ton in 1968. The weighted aver- 
age of both categories was $10.82 per ton 


in 1969 compared with $9.87 per ton in 
1968. 

According to expanders of perlite, sold 
or used expanded perlite had an average 
value of $54.95 per ton compared with 
$45.37 per ton in 1968. Average values by 
States, however, ranged from $30 to $111 
per ton. 


PERLITE 
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Bulgaria.—Output of expanded perlite is 
being increased in Bulgaria. A new plant 
was being built at Kurdjali to make 
refractory aggregates from expanded perlite 
using ceramic bonds. The plant will be 
able to produce 5,000 cubic meters of 


claybonded ‘‘ceramoperlite” annually. 
Additional facilities were also being 
installed to produce  bitumen-bonded 


expanded perlite for use in construction 
materials.? 


Greece. Most of the European supply of 
perlite comes from the island of Milos, 
famous for many archeological discoveries 
including the statue “Venus de Milo" in 
1820. The island has gneiss and mica 
schists bedrock overlain by  quartz-like 
rocks of variable thickness and crowned by 
volcanic tuff. Silver and  Baryte Ores 
Mining Co. have mined deposits on Milos 
for barytes, bentonite, and kaolin ores for 
many years, and for perlite since 1954. 
Three types of perlite are mined on the 
island and reserves are estimated at 100 
million tons. Milos perlite is porous, 
absorbs heat readily, expands easily, and 
requires no preheating before expansion. 
Reportedly modern furnaces using this 
material can yield recoveries of 93 to 97 
percent expanded perlite with a minimum 
of fines and dust. 

Hellenic Chemical Products & Fertilisers 
Co., Ltd., of Athens, also has deposits of 
perlite on Milos and plans to exploit 
them.3 

Production of crude perlite in Greece in 
1969 was estimated at 165,350 short tons.4 

Iceland.—The Government of Iceland, 
long interested in exploiting perlite depos- 
its on its eastern coast, continued to deter- 
mine the feasibility of such an undertaking. 
The Johns-Manville Corp. of the United 
States offered the Government technical 
assistance in establishing a perlite industry, 
but reportedly decided against any equity 
capital.5 

Mexico.—Perlite output totaled 11,170 
tons in 1969.6 


Philippines.—A large surface and subsur- 
face deposit of perlite containing 9.9 mil- 
lion tons was discovered near Legaspi City 
on Luzon. The discovery, extending over 
16 mining claims in Lamba and Maslog 
barrios, is held by Trinity Lodge Mining 
Corp. The firm also reported that it knows 
of another deposit containing 33 million 
tons of perlite in an adjacent area at 
Polique Bay." 

United Kingdom.—Six companies pro- 
duce expanded perlite and all used im- 
ported raw materials. The firms are as 
follows: 


Johns-Manville (G. B.) Ltd., at Hessle, 
Yorkshire. 


Perlite Industries Ltd., at Belper, Derby- 
shire. 


Lime-lite Division of Lime-Sand Mortar 
Ltd., at Buxton, Derbyshire. 


British Gypsum, Ltd. at Kirby Thore 
and Cocklakes, Cumberland; Gotham, 
Nittinghamshire; Fauld, Staffordshire; 
Erith, Kent; and Robertsbridge, Sussex. 


Perlite Division of European Oil and 
Chemical Trading Co., presumably in 
Scotland and a newcomer to the 
industry. 


British Ceca Co., Ltd., at Strood, Kent. 


Expanded perlite has many diverse uses; 
about 70,000 tons of the material is used 
annually in the manufacture of plasters. 
Chinchilla breeders use a small amount of 
expanded perlite as dust baths to yield 
better pelts.8 


? Industrial Minerals (London). Bulgaria—Perlite 
5 Expanded. No. 16, January 1969, pp. 
33-34. 

3 Industrial Minerals (London). Perlite on the 
Continent. No. 20, May 1969, pp. 16-17. 

* U.S. Embassy, Athens, Greece. State Dept. Air- 
gram A-163, May 1, 1970, p. 3 encl. 1. 

5 Bureau of Mines. Mineral Trade Notes. V. 66, 
No. 4, April 1969, E 27. 

%° U.S. Embassy, Mexico D. F. State Dept. Air- 
gram A-215, Apr. 28, 1970, p. 6, encl. 1. 

7 Bureau of Mines. Mineral Trade Notes. V. 66, 
No. 5, May 1969, p. 27. 

3 Industrial Minerals (London). Perlite in Brit- 
ain. No. 20, May 1969, pp. 18-19. 
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Crude Petroleum and 


Petroleum Products 


By James G. Kirby and Betty M. Moore 2 


The total demand 3 for petroleum prod- 
ucts increased 5.5 percent, or at an average 
rate of 749,000 barrels daily, to 14,366,000 
barrels daily in 1969. Domestic crude oil 
and lease condensate production increased 
only 1.3 percent while imports of crude oil 
and refined petroleum products increased 
11.1 percent. Crude oil production declined 
in 19 of the 31 oil- Producing States. The 
142, 000-barrel daily increase in crude oil 
production for 1969 was the lowest gain 
since 1964. A drilling accident at an 
offshore well in the Santa Barbara Channel 
created pollution problems that curtailed 
drilling in that offshore area of California. 
This area had held considerable promise 
of offsetting the declining production rate 
of onshore fields in the State, but as it 
was, production declined for the first time 
since 1964. 

Demand by product.— Gasoline. While 
the growth rate of domestic demand for 
motor gasoline was below that of 1968, it 
still achieved a 5. I- percent gain in 1969 and 
averaged 5,526,000 barrels daily. Factory 
sales of passenger cars declined 6.8 per- 
cent in 1969, but apparently scrappage of 
automobiles declined and average con- 
sumption rates of gasoline per vehicle in- 
creased. For the llth consecutive year the 
demand for aviation gasoline declined. 

Distillate Fuel Oil. Although the 
weather during the first quarter of 1969 
was colder than in the previous year and 
much colder than normal, the demand for 
distillate fuel oil during that quarter 
showed no increase over the same period 
in 1968. Demand rallied in the second 
quarter and continued at a high level for 
the balance of the year and as a result the 
increase in the demand for distillate for 
the year was 3.2 percent. 


Residual Fuel Oil. — Over 88 percent of 
the 152,000-barrel per day increase in the 
domestic demand for residual fuel oil was 
in the East coast market. The unavailability 
of natural gas and of coal with a sulfur 
content low enough to comply with air 
pollution standards required electric utility 
companies to increase their use of residual 
fuel oil for the generation of electricity by 
173,000 barrels daily in 1969. The total do- 
mestic demand for residual fuel oil in the 
United States in 1969 averaged 1,978,000 
barrels daily, of which 1,404,000 barrels 
daily was for use in PAD district 1. 

Kerosine.—After a slight rally in 1968 
the demand for kerosine declined 6,000 
barrels daily in 1969 to an average for the 
year of 275,000 barrels daily. This includes 
kerosine used in space heating and uses 
other than that used as jet aircraft fuel. 

Jet Fuels.—The 3.7-percent gain in the 
domestic demand for jet fuel in 1969 was 
the lowest reported since 1958, when sepa- 


1 Industry economist, Division of Fossil Fuels. 

2Statistical assistant, Division of Fossil Fuels. 

3 Certain terms as used in this chapter are more 
or less unique to the petroleum industry. Prin- 
cipal terms and their meanings are— 

Total demand.—A derived figure representing 
total new supply plus decreases or minus in- 
creases in reported stocks. Because there are sub- 
stantial secondary and consumers’ stocks that are 
not reported. to the Bureau of Mines, this figure 
varies considerably from consumption. 

Domestic demand.—Total demand less exports. 

New supply of all oils.—The sum of crude oil 
production plus production of natural gas liquids, 
plus benzol (coke-oven) used for motor fuel, hy- 
drogen, and other hydrocarbons, plus imports 
of crude oil and other petroleum products. 

Total disposition of primary supply.—The sum 
of the new supply of all oils plus the processing 
gain at. the refinery, plus or minus the adjust- 
ment for unaccounted for crude oil and the 
change in stocks of all oils. 

Transfers.—Crude oil conveyed to fuel-oil stocks 
without processing, oi reclassification of products 
from one product category to another. 

All oils.—Crude petroleum, natural gas liquids, 
and their derivatives. 
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Table 1.—Salient statistics of crude petroleum, refined products, and natural gas 
liquids in the United States 


(Thousand 42-gallon barrels unless otherwise indicated) 


1965 1966 1967 1968 1969 » 
Crude petroleum: 
Domestic production (including lease | 
GOopdenagnte). ---------------- 2,848,514 3,027,763 3,215,742 3,329,042 3,371,761 
World production. ............... 11,058,462 12,019,964 12,889,252 14,104,250 15,220,221 
U.S. proportion percent. 26 25 25 24 22 
en, J. l. u l l l 2025 1,097 1,477 26,541 1,802 1,486 
Ipo 8 452,040 447 ,120 411,649 472,323 518 , 849 
Stocks, end of year. __.. 220, 289 238 , 391 248 ,970 272,193 265,227 
Runs to stills. 3, 300, 842 3,447,193  À 3,582,594  À 3,774,360 3,880,098 
Value of domestic product at wells: 
Total- ososan Ses thousands.. $8,158,298 $8,726,423 $9,375,727 $9,794,826 $10,426,680 
Average per barrel. $2.86 $2.88 $2.92 $2.94 $3.09 
Total producing oil wells Dec. 31... 589,203 583,302 565,289 553,920 542,227 
Total oil wells completed during year 
55 wells ) 18,761 16, 780 15, 329 14, 342 14,368 
Refined products: 
EXDOIS!... 22. ³· A med eese 67,191 70,923 85,519 r 82, 742 83,916 
Imports3_______ eo ce eee 448 , 732 492 ,042 514,342 r 567,046 640,679 
Stocks, end of year “ 580,188 602,291 629,399 649, 439 655,984 
Completed refineries, yearend...... 286 281 291 284 281 
aily crude-oil capacity... ......... 10,493 10,760 11,533 11,740 12,074 
Natural liquids: 
Production tool Steis e Vie e ST 441,556 468,635 514,456 550,311 580,241 
di apa end of year... rk 35,867 40,423 65,742 77,940 60,912 
oils: 
Total demand___ 4,193,746 4,397,469 4, 593, 270 74,873,776 5, 126,379 
Lee RE , 288 , 400 112,060 r 84,544 85,3 
Domestic demand...............- 4,125,458 4,825,069 4,481,210 4,789,232 5,041,027 
p Preliminary (except for crude production and value). r Revised. 


1 U.S. Department of Commerce data. 


* Bureau of Mines data for crude oil and unfinished oils. 
3 U.S. Department of Commerce data, except for unfinished oils. 
4 Stocks of refined products also include stocks of unfinished oils, natural gasoline, plant condensate, and 


isopentane. 


rate records were first kept on this fuel. 
The market for kerosine-type fuel, used 
mostly by commercial aircraft, continued 
to expand in 1969 and averaged 693,000 
barrels daily, an increase of 13.8 percent. 
Naphtha-type jet fuel, used mostly by mili- 
tary aircraft, declined 14.2 percent to an 
average of 297,000 barrels daily as a result 
of a cutback in military purchases. 

Liquefied Gases. The domestic demand 
for liquefied gases (including ethane) av- 
eraged 1,221,000 barrels daily in 1969, an 
increase for the year of 15.8 percent. More 
detail on liquefied gases can be found in 
the "Natural Gas Liquids" chapter. 

Other Products.—Included in this cate- 
gory are refinery still gas, asphalt, petro- 
chemical feedstocks, petroleum coke, lubri- 
cating oils, special naphtha, road oil, wax, 
and miscellaneous products. The total de- 
mand for these products in 1969 was 
1,743,000 barrels daily, including a domes- 
tic demand of 1,610,000 barrels daily and 
exports of 133,000 barrels daily. This com- 
pares with a total demand of 1,669,000 
barrels daily in 1968 and a domestic de- 
mand of 1,544,000 and exports of 125,000 
barrels daily. The demand for petroleum 
coke increased 8.8 percent in 1969 and 


showed strong gains in both the domestic 
and export markets, while demand for lu- 
bricating oil increased slightly in the do- 
mestic market but exports declined. Refin- 
eries used 160.4 million barrels of still gas 
for fuel in 1969, an increase of 7.8 percent 
for the year. 

Shipments to U.S. Territories and Posses- 
sions.—Domestic demand as defined in this 
chapter, refers to demand in all States of 
the United States. Shipments from the 
United States to territories and possessions 
are included with exports. Any foreign re- 
ceipts into these territories and possessions 
are not included in the total imports 
shown. 

Shipments from territories and posses- 
sions to foreign countries are excluded 
from exports. Shipments to thc United 
States are included in imports. 

Scope of Report.—The data presented in 
this chapter are limited to the United 
States to permit a breakdown and balanc- 
ing of supply and demand of operations 
by States and districts. The composition of 
the districts used by the Bureau of Mines 
is explained in the next section. 

The increasing volume of natural gas 
liquids recovered from natural gas has 
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Figure 1.—Supply and demand of all oils in the United States. 


made it desirable to present data on these 
liquids with crude oil data, as these liq- 
uids are blended with refinery products 
and are similar to materials recovered 
from refinery gases. These natural gas liq- 
uids are recovered at natural-gas processing 
plants away from the oil refineries. 

Most of the data were compiled from 
detailed reports submitted on a voluntary 
basis by the various companies and include 
production, stocks, and refinery operations. 
These data are also published monthly. 

The Bureau of Mines uses production 
data on crude oil compiled by State agen- 
cies for those States which compile the in- 
formation. Where such data are not avail- 
able, monthly questionnaires are sent to all 
pipeline companies operating within the 
State. The crude oil production figures in- 
clude field condensates. 

Individual refineries reported monthly 
receipts, input, stocks at the beginning 
and tbe end of the month, refinery pro- 
duction, and deliveries. Data on both 
product stocks at refineries and pipeline 
and bulk terminal stocks are collected. 


Annual canvasses and State agencies pro- 
vide supplemental information on the 
value of crude petroleum at wells, the num- 
ber of producing wells, sales of fuel oils, 
asphalt and road oils by uses, and refinery 
capacity. 

The import data on crude oil and un- 
finished oils are those reported by the re- 
fineries, whereas other product imports 
and all export data are taken from records 
of the U.S. Department of Commerce. 

The table showing world crude oil pro- 
duction by countries is based on reports 
from companies operating in these coun- 
tries, from reports published by these 
countries, or from data supplied by the 
U.S. Department of State. 

Districts.—The Bureau of Mines reports 
production of crude petroleum and natural 
gas liquids and the number of wells 
drilled by States. Louisiana, New Mexico, 
and Texas are also reported by districts. 

New Mexico has two widely separated 
producing areas. The Southeastern district 
is comprised of mainly Lea, Eddy, Chaves, 
and Roosevelt Counties. The Northwestern 
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district is comprised of mainly San Juan, 
Rio Arriba, Sandoval, and McKinley Coun- 
ties. 

The Bureau of Mines producing districts 
in Texas correspond, with one exception, 
to the groupings of the Texas Railroad 
Commission districts as follows: 


Bureau of Mines 


districts Railroad Commission districts 
Gulf Coast Nos. 2 and 3. 
West Texas Nos. 7C, 8, and 8a. 
East Proper........ Part of No. 6 (East Texas field 
in Cherokee, Smith, Upshur, 
Rush, and Gregg.) 
Panhandle. ........ No. 10. 
Rest of State: 
North. g Nos. 7B and 9. 
Central.. No. 1. 
South. . _ -- No. 4. 
Other East Texas... Nos. 5 and 6 (exclusive of East 


Proper.) 


Separate production data are shown for 
the Louisiana Gulf Coast, including the 
offshore area. 

The Bureau of Mines groups refinery 
operations into another set of districts 
called refining districts. These refining dis- 
tricts correspond with the groupings origi- 
nated by the Petroleum Administration for 
War during World War II called PAW 
districts (later changed to PAD districts) . 


PAD 
district Refining districts 
I—East Coast—District of Columbia, Maine, New 
Hampshire, Vermont, Massachusetts, Rhode 
Island, Connecticut, New Jersey, Delaware, 
Maryland, Virginia, North Carolina, South 
Carolina, Georgia, and Florida; the follow- 
ing counties of New York: Cayuga, Tomp- 
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PAD 
district Refining districts 

kins, Chemung, and all counties east and 

north thereof; and the following counties of 

Pennsylvania: Bradford, Sullivan, Columbia, 

Montour, Northumberland, Dauphin, York, 

and all counties east thereof. 

I—Appalachian No. 1—West Virginia and those 
parts of Pennsylvania and New York not in- 
cluded in the East Coast district. 

II—Appalachian No. 2—The following counties of 
Ohio: Erie, Huron, Crawford, Marion, Dela- 
ware, Franklin, Pickaway, Ross, Pike, Scioto, 
and all counties east thereof. 

II—Indiana-Illinois-Kentucky—Indiana, Illinois, 
Kentucky, Tennessee, Michigan, and that 
part of Ohio not included in the Appala- 
chian district. 

II—Oklahoma-Kansas-Missouri—Oklahoma, Kansas, 
Missouri, Nebraska, and Iowa. 

II—Minnesota-Wisconsin-North Dakota-South Da- 
kota—Minnesota, Wisconsin, North Dakota, 
and South Dakota. 

III—Texas Inland—Texas, except Texas Gulf Coast 
district. 

III—-Texas Gulf Coast—The following counties of 
Texas: Newton, Orange, Jefferson, Jasper, 
Tyler, Hardin, Liberty, Chambers, Polk, San 
Jacinto, Montgomery, Harris, Galveston, 
Waller, Fort Bend, Brazoria, Wharton, 
Matagorda, Jackson, Victoria, Calhoun, Re- 
fugio, Aransas, San Patricio, Nueces, Kle- 
berg, Kenedy, Willacy, and Cameron. 

III—Louisiana Gulf Coast—The following parishes 
of Louisiana: Vernon, Rapides, Avoyelles, 
Pointe Coupee, West Feliciana, East Felici- 
ana, Tangipahoa, St. Helena, Washington, 
and all parishes south thereof; the following 
counties of Mississippi: Pearl River, Stone, 
George, Hancock, Harrison, and Jackson; 
and Mobile and Baldwin Counties, Ala. 

III—North Louisiana- Arkansas Arkansas and those 
parts of Louisiana, Mississippi, and Alabama 
not included in the Louisiana Gulf Coast 
district. 

III-New Mexico—New Mexico. 

IV—Rocky Mountain—Montana, Idaho, Wyoming, 
Utah, and Colorado. 

V—West Coast—Washington, Oregon, California, 
Nevada, Alaska, Arizona, and Hawaii. 
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Figure 2.—Map of PAD Districts and Bureau of Mines Refining Districts. 
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CRUDE PETROLEUM 


PRODUCTION 


The total production of crude oil and 
lease condensate in the United States in 
1969 was 3,371,751,000 barrels, 42,709,000 
barrels above the 1968 level. Crude oil out- 
put reached a record high in June, when 
the daily production for the month aver- 
aged 9,631,000 barrels. With this high rate 
of production crude oil stocks also built 
up to the highest level since February 
1958, so production was cut back to reduce 
the excess stock. Only 12 of the 31 oil-pro- 
ducing States reported gains in production 
in 1969. All States in PAD district III, 
with the exception of Arkansas, increased 
their production levels for the year. The 
daily average production in Louisiana was 
74,000 above the 1968 level, and Texas 
production increased 50,000 barrels daily. 
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Production declined in 19 States, with the 
largest declines reported in Kansas and Il- 
linois, each having an average daily de- 
cline of 16,000 barrels. 

Crude oil production goals failed to ma- 
terialize in district V in 1969. A substantial 
increase in production had been planned 
from wells ia the Santa Barbara channel. 
Early in the year an oil leak, which spread 
over a large coastal area, occurred at a 
driling rig. Drilling was drastically cur- 
tailed as a result of various legal complica- 
tions. Secondary recovery projects did get 
underway in the Cook Inlet of Alaska, but 
the resulting increase in production was 
about half of what had been expected. Ad- 
ditional data on crude oil production, by 
States, can be found in volume III of the 
1969 Minerals Yearbook. 
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Figure 3.—Production of crude petroleum in the United States, by principal 
producing States. 
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CONSUMPTION 


The total demand for crude oil in the 
United States in 1969 averaged 10.6 million 
barrels daily, of which 9.2 million barrels, 
or 86.7 percent, was supplied by domestic 
sources and 1.4 million barrels daily came 
from foreign sources. The demand for do- 
mestic crude oil increased 2 percent, while 
the demand for foreign crude oil increased 
10.9 percent. 

Runs to Stills.—Crude runs to stills aver- 
aged 10,630,000 barrels daily in 1969 com- 
pared with 10,312,000 in 1968. Runs of 
domestic crude oil increased 179,000 barrels 
daily to 9,217,000 barrels, and runs of for- 
eign crude oil increased 139,000 barrels 
daily to 1,413,000 barrels. 

Demand by States of Origin.—Distribu- 
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tion of domestic crude oil by refining 
States and districts can be analyzed from 
receipts of crude oil at refineries. When 
long-distance shipments are involved, var- 
ious crude oils may be mixed in transit or 
storage, and identification by origin may 
be only approximate. 


SUPPLY AND DISTRIBUTION 


The total disposition of crude oil in 1969 
was 3,890.8 million barrels, a 105.5-mil- 
lion-barrel increase for the year. Of this 
total, domestic crude oil including with- 
drawals from stocks, accounted for 3,376.4 
million barrels, and imported crude oil, 
including withdrawals from stocks, ac- 
counted for 516.2 million barrels. The dif- 
ference, a minus 1.8 million barrels, was 


1968 1969 


Figure 4.— Wells drilled for oil and gas in the United States, by quarters. 
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classed as “unaccounted for” crude oil to 
avoid making arbitrary adjustments in the 
reported supply or consumption items. 


PRODUCTION CAPACITY 


According to the American Petroleum 
Institute (API), the maximum crude oil 
production that could be attained in the 
United States as of January 1, 1970, was 
11.6 million barrels daily, down 0.5 million 
since January 1, 1969. This estimate is 
based on the assumption that such produc- 
tion could be achieved in 90 days with ex- 
isting wells, well equipment, and present 
surface facilities: plus work changes that 
could be accomplished within that time. 


WELLS 


After 4 years of decline, drilling activity 
increased in 1969, and 32,173 new wells 
wcre drilled. Of these wells, 14,368 were 
completed as oil wells, 4,083 were com- 
pleted gas wells, and 18,722 were dry holes. 
The average footage drilled per well in 
1969 was 4,881 feet compared with 4,738 
feet in 1968. A total of 1,212 wells was 
drilled offshore in 1969, and 619 were com- 
pleted as oil wells, 216 were completed as 
gas wells, and 377 were dry holes. The av- 
erage footage drilled per offshore well was 
9,547 feet, which is more than twice the 
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depth of the average onshore well drilled. 
Drilling activity increased in 2] States in 
1969 but declined in 10 States. States with 
a sizable increase were Texas with 1,042 
additional wells drilled, Wyoming with 
383, Oklahoma with 373, and Colorado 
with 320. In California drilling for the 
year declined 741, Kentucky was off by 
329, and Louisiana reported a decline of 
304. 


RESERVES 


The API Committee on Petroleum Re- 
serves estimated proved reserves of crude 
oil as of December 31, 1969, to be 29,632 
million barrels, a decline of 1,075 million 
barrels for the year. The reserve estimates 
give no credit to the large potential re- 
serves discovered on the North Slope of 
Alaska in 1968, which have been estimated 
as having a potential of 10 billion barrels. 
The committee stated, “Because of unitiza- 
tion negotiations and the competitive as- 
pects of operations in progress, it was not 
feasible for operators to provide proprie- 
tary data upon which the committee could 
base an estimate of proved reserves for 
this area as of December 31, 1969.” Texas 
reserves declined 746.7 million barrels dur- 
ing the year, and Wyoming reserves were 
off 104.7 million barrels. Louisiana reserves 
were up 81.0 million barrels for the year. 


REFINED PRODUCTS 


About 53 percent of the demand for pe- 
troleum products is for use in the trans- 
portation sector, 36 percent is used for 
heat and power, and the balance is used as 
raw material for the production of other 
products. Petroleum supplied 43 percent 
of the energy requirements in the United 
States in 1969. 

Gasoline is consumed principally in 
highway transport, aviation, mechanized 
farming, and  powerboating. Kerosine 
(other than the straight-run kerosine used 
as fuel in commercial jet aircraft) is used 
primarily in space heaters, as range oil, or 
for farm equipment. Distillate fuel oils, 
which include the light diesel fuels, are 
used for space heating, locomotive fuel, in- 


dustrial use, vessel use, and by the mili- 


tary. Residual fuel oil is used primarily in 
electric utilities and for heavy-fuel use. Re- 
sidual fuels usually sell for less than crude 
oil at the refineries. As it is not normally 


moved by pipeline, its distribution depends 
on low-cost water transportation and lim- 
ited tank movement. 

Liquefied gases, in competition with kero- 
sine and light distillate fuel oil for domes- 
tic use, are used as fuel in internal- 
combustion engines and are becoming 
increasingly important as the initial raw 
material in the development of many petro- 
chemicals. 

The total demand for petroleum prod- 
ucts averaged 14,366,000 barrels daily in 
1969, including a domestic demand of 
14,136,000 barrels daily and exports of 
230,000 barrels daily. Compared with 1968, 
total petroleum product demand increased 
5.5 percent, exports declined 0.4 percent, 
and domestic product demand increased 
5.5 percent. In previous years, when dis- 
cussing petroleum demand, refinery over- 
age, which results from the volumetric ex- 
cess of refined products from the refinery 
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input because of the various refining proc- 
esses, has been treated as a negative item 
in demand. Since this has the effect of in- 
creasing primary supply, it is now consid- 
ered as a portion of supply and is no 
longer deducted from the overall demand. 
Total supply, including processing gain 
(refinery overage), averaged 14,334,000 
barrels daily, and stocks of all oils were re- 
duced at an average rate of 48,000 barrels 
daily to meet the total demand for refined 
products and crude losses and exports. 


GASOLINE 


Despite a decline in new passenger car 
sales, the demand for motor gasoline con- 
tinued to show a strong growth rate in 
1969, and consumption averaged 5,526,000 
barrels daily, an increase for the year of 
5.1 percent. Aviation gasoline continued to 
decline in both the domestic and export 
markets. 

The new supply of motor gasoline in 
1969 was 2,024 million barrels, of which 
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1,731 million barrels was produced from 
crude oil, 270 million was from natural gas 
liquids, and 23 million was imported. 

According to data compiled by the API 
based on tax data reported by the States, 
2,034 million barrels of motor gasoline was 
consumed in the United States in 1969 
compared with 1,923 million in 1968. This 
differs from the demand data compiled by 
the Bureau of Mines, which do not in- 
clude changes in secondary storage. District 
11] was the largest consuming area, and 
used 34.8 percent, while district 1 ac- 
counted for 34.7 percent. District III, 
which accounted for almost 40 percent of 
the motor gasoline produced, consumed 
only 12.9 percent of the total. 


KEROSINE 


Kerosine demand, exclusive of that used 
in jet fuel, was off 2.1 percent in 1969. De- 
mand for the year averaged 275,000 barrels 
daily compared with 281,000 in 1968. AI- 
though the weather was much colder dur- 
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Figure 5.—Production, domestic demand, stocks, and exports of gasoline 
in the United States. 
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ing the fourth quarter of 1969 than the 
year before, kerosine demand was 30,000 
barrels per day less. Stocks of kerosine at 
the end of the year were 26.8 million bar- 
rels, 3.3 million above the December 1968 
level. 


DISTILLATE FUEL OIL 


Although the weather during the 1969 
heating season was much oolder than in 
the previous year, distillate fuel oil de- 
mand did not react in the usual manner. 
In the first quarter there was no increase 
in demand, and the fourth-quarter de- 
mand was up only 3.6 percent, while the 
second and third quarters showed gains of 
6.4 percent and 6.2 percent, respectively. 
Since the fourth quarter of 1968 also 
showed an exceptionally high percentage 
increase, it appears that secondary storage, 
which is not included in Bureau of Mines 
stock data, was sufficently high during 
these periods not to reflect prevailing 
weather conditions in the demand for pri- 
mary supplies. Distillate fuel oil demand 
for the year averaged 2,466,000 barrels 
daily, a gain of 3.2 percent over that of 
1968. 

Stocks were reduced 1.4 million at the 
end of 1969 to 171.7 million barrels. While 
imports of No. 4 distillate fuel oil in- 
creased from 19.1 million barrels in 1968 
to 27.4 million in 1969, imports of lighter 
distillates declined from 29.1 million bar- 
rels to 23.5 million barrels for the year. 
No. 4 distillate fuel oil imports are treated 
by the Oil Imports Administration in the 
same manner as residua] fuel oil in district 
I and are not included in the 12.2-percent 
import level. No. 4 fuel oil, being low in 
sulfur content, can be substituted in areas 
where restrictions have been placed on the 
use of residual fuel oils of high sulfur con- 
tent. 


RESIDUAL FUEL OIL 


The domestic demand for residual fuel 
oil increased at the rate of 152,000 barrels 
daily in 1969, and 134,000 barrels daily of 
this increase was in district I. The use of 
residual fuel oil by electric utilities for 
power generation in district I increased 
from an average of 424,000 barrels daily in 
1968 to 587,000 barrels daily in 1969. The 
rapid increase in residual fuel oil use by 
the utilities is a result of stricter regula- 
tions by communities on sulfur emission 
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from fuels, the short supplies of coal that 
meet the sulfur standards, and the unavail- 
ability of natural gas for this use. Since 
domestic refineries do not consider it 
profitable to produce residual fuel oil at 
current price levels, the increased demand 
for residual fuel oil must be met by im- 
ports. The sulfur restrictions are also caus- 
ing concern among suppliers, who are hav- 
ing to scramble to find enough low-sulfur 
residual fuel oil to meet the growing de- 
mand. 

At yearend, stocks of residual fuel oil 
had declined from the December 31, 1968, 
level by almost 7 million barrels to 60.4 
million barrels. 


JET FUELS 


A cutback in purchases by the military 
of naphtha-type jet fuels in 1969 lowered 
the demand for the product to 302,000 
barrels daily, a decline of 14.2 percent. 
The demand for the kerosine-type jet fuel 
used in commercial jet aircraft continued 
strong during the year and increased by 
14.1 percent to 694,000 barrels daily. 

Imports of jet fuel averaged 125,000 bar- 
rels daily in 1969, of which 116,000 barrels 
daily was imported in bond for use as fuel 
for aircraft engaged in flights with destina- 
tions outside the United States. There are 
no custom duties on these imports, and 
bonded imports of such fuels are not sub- 
ject to import-control regulations. 


LUBRICANTS 


While domestic demand for lubricants 
was slightly above the 1968 level, exports 
declined 1.6 million barrels so that total 
demand for the year, 65.2 million barrels, 
was 1.9 percent less than in 1968. 


LIQUEFIED GASES, ETHANE, AND ETHYLENE 


Liquefied gases are derived from two 
sources. Those produced at refineries are 
called liquefied refinery gases to distinguish 
them from liquefied petroleum gases pro- 
duced from natural gas. The liquefied pe- 
troleum gases (LPG) are all saturated 
(propane, butane, etc). The liquefied re- 
finery gases (LRG) may contain unsatu- 
rated compounds or olefins (propylene, bu- 
tylene, etc). The olefins are used as 
feedstocks for chemical plants. The satu- 
rated gases may be used as chemical raw 
materials or as fuel. 
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Separate data are collected on liquefied 
refinery gas used as fuel and that used as 
raw material for petrochemical feedstocks. 
Liquefied gases are also used in producing 
gasoline and are reported in this chapter 
as "natural gas liquids" at refineries or as 
"gasoline." 

The total demand for liquefied gases, 
excluding that blended into other products 
at refineries or terminals in 1969, was 
386,207,000 barrels compared with 341,197,- 
000 barrels in 1968. Domestic demand for 
the year increased 13.0 percent, and exports 
increased 20.6 percent. The demand for 
ethane (including ethylene) was 72,216,000 
barrels in 1969 compared with 55,152,000 
barrels in 1968. 

More detailed information on liquefied 
gases may be found in the chapter on nat- 
ural gas liquids. 


ASPHALT AND ROAD OIL 


While the overall demand for asphalt 
showed a 1.8-percent increase in 1969, 
shipments of asphalt and asphaltic prod- 
ucts from plants were below the 1968 level 
by 0.8 percent. The slowdown in new 
building construction resulted in a 14.4- 
percent decline in the demand for roofing 
products, and other product use was down 
6.1 percent. Shipments of asphalt for pav- 
ing products, which represent about 76 
percent of the use of asphalt, increased 3.1 
percent in 1969 to 21.3 million short tons. 
The shipment data include, in addition to 
the refinery production and imports, var- 
ious emulsifiers and blenders. 

The demand for road oil in 1969 was 
8,756,000 barrels. 


OTHER PRODUCTS 


Special Naphthas.—The total demand 
for special naphthas increased 7.4 percent 
in 1969 to 31.6 million barrels. This prod- 
uct.is used primarily for paint thinners, 
cleaning agents, and solvents. 

Waxes.—According to a survey by the 
API the petroleum industry reported sales 
of 563,987 short tons of wax for consump- 
tion in the United States in 1969, an in- 
crease of 5.6 percent for the year. Sales of 
wax for use in the manufacture of paper 
wrappers, paperboard containers, and cor- 
rugated paperboard were 296,460 short 


tons, down 12 percent from 1968 sales. 


The use of wax for candles, molded novel- 
ties, figurines, and decorative items in- 
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creased 17.2 percent in 1969 to 79,980 short 
tons. Sales of wax for all other uses in- 
creased 13.2 percent in 1969 to 185,547 
short tons. The API survey represents over 
88 percent of the domestic demand re- 
ported by the Bureau of Mines. The 1969 
domestic demand reported by the Bureau 
was 686,420 short tons, an increase of 12.5 
percent over that of 1968.. 

Coke.—The total production of. petro- 
leum coke increased 8.1 percent in 1969 to 
20,574 short tons. Marketable coke produc- 
tion was 10,401 tons, up 18.5 percent, 
while catalyst coke production increased 
3.0 percent to 10,172 tons. Refiners used 
10,625 tons of coke for fuel in 1969, in- 
cluding, in addition to the catalyst coke, 
452 tons of marketable coke. The total de- 
mand for petroleum coke in 1969 was 
20,773 tons with exports representing 22.2 
percent compared with 20.3 percent in 
1968. 

Still Gas.—Refineries used 160,363,000 
barrels (984,561 million cubic feet) of still 
gas as fuel in 1969 compared with 
149,796,000 barrels (921,850 million cubic 
feet) in 1968. A total of 9,985,000 barrels 
of still gas was used as a petrochemical 
feedstock in 1969. 

Petrochemical Feedstocks.— The petro- 
chemical industry in the United States 
used 94,647,000 barrels of feedstocks pro- 
duced at refineries (other than LRG) in 
1969. This included 9,985,000 barrels of 
still gas, 57,569,000 of naphtha, —400°, 
and 27,098,000 barrels of other products 
for use in the manufacture of petrochemi- 
cals. 

Miscellaneous Finished Products.— The 
petroleum industry produces a variety of 
miscellaneous products that are sold 
directly to consumers or are sold in bulk 
to speciality companies which package and 
distribute them under various trade names. 
Included in this category are absorption 
oils, insulating oils, medicinal oils, insecti- 
cides, petrochemicals, and solvents. The 
domestic demand for these miscellaneous 
oils in 1969 was 16,617,000 barrels. 

Unfinished Oils.—Unfinished oils are oils 
that have been partially refined and will 
be further processed by a refinery. The 
rerun (net) of unfinished oil represents 
the receipts of domestic or foreign oil plus 
or minus the stock change. Unfinished oils 
are included with crude oil under the 
quotas established by the Oil Import 
Administration. By regulation, unfinished 
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oil imports are restricted to 15 percent of 
the crude oil and unfinished oil quota in 


TRANSPORTATION 


CRUDE OIL 


A transportation system consisting of 
pipelines, tankers, barges, tank cars, and 
tank trucks moves the crude petroleum to 
refineries for processing. Refineries received 
76.6 percent of their crude oil supply by 
pipeline, 22.2 percent by water, and the re- 
maining 1.2 percent by tank cars and tank 
trucks in 1969. 

The eastern seaboard States (PAD dis- 
trict I), represent 39 percent of the domes- 
tic market for petroleum in the United 
States and receive a major part of their 
domestic supplies of crude oil and refined 
products (3.1 million barrels daily in 
1969) from PAD district III. PAD district 
II, the second largest consuming sector, 
also receives a substantial share of crude 
oil and refined products from PAD district 
III (1.8 million barrels daily in 1969) . 

Data collected on receipts of domestic 
and foreign crude petroleum at refincrics 
in the United States show receipts from 
local production  (intrastrate), receipts 
from other States (interstate) , and receipts 
of imported crude. These data indicate the 
final receipts by water, pipelines, and tank 
car and truck. Receipts of domestic crude 
by water usually are moved by pipeline 
from the point of production to the point 
of water shipment. 

The total receipts of crude oil at refin- 
eries in 1969 were 3,879.0 million barrels, 
an increase of 96.9 million barrels for the 
year. Receipts from domestic sources 
increased 55.6 million barrels in 1969, 
overland receipts of foreign crude oil were 
30.0 million barrels higher, and forcign 
receipts from overseas sources increased 
11.3 million barrels. 

During 1969 refineries processed 3,880.1 
million barrels of crude oil, reported a net 
of 1.5 million barrels used for refinery fuel 
and losses, and withdrew 2.6 million bar- 
rels from inventories. 

In 1969, refiners in PAD district I proc- 
essed crude oil at the rate of 1,311,000 bar- 
rels daily, with 57.1 percent of the input 
being from foreign sources; 2.1 percent 
from crude oil produced in the district; 
38.0 percent received from PAD district 
III, and the balance received by pipelines 
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districts I-IV and to 25 percent in dis- 
trict V. 


AND DISTRIBUTION 


from PAD districts II and IV. Output 
from District I refineries provided less 
than 24 percent of the demand for petro- 
leum products in that district. 

While crude runs to stills in PAD dis- 
trict II increased 54,000 barrels daily in 
1969 to 3,013,000 barrels daily, crude oil 
production declined 43,000 barrels daily. 
To meet crude oil demand requirements 
for the district, receipts from PAD district 
III were increased at an average rate 
78,000 barrels daily to 1,309,000 barrels, 
and imports from Canada were stepped up 
to 242,000 barrels daily, 28,000 barrels 
above the 1968 daily average. PAD district 
IV supplied 302,000 barrels daily which 
was about the same as in 1968. 

PAD districts III and IV have surplus 
crude oil and receive only token amounts 
of oil from other districts or from foreign 
sources. 

Domestic receipts of crude oil from the 
Four Corners area in PAD district IV con- 
tinued at the same level as in 1968, 40,000 
barrels daily. To meet the crude oil 
requirements for the district in 1969, crude 
oil imports were increased from 326,000 
barrels daily in 1968 to 394,000 barrels 
daily. 


REFINED PRODUCTS 


To meet the  5,507,000-barrel-per-day 
domestic product demand in PAD district 
I in 1969, 4,077,000 barrels daily of prod- 
ucts was shipped into the district. A break- 
down of these receipts of refined products 
in barrels daily is as follows: From foreign 
sources, 1,491,000; from PAD district III by 
pipeline, 1,410,000, by tanker, 1,061,000 and 
by river barge 59,000; from PAD district 
II, 54,000 by pipeline; and from PAD dis- 
trict V, 2,000 by tanker. 

Demand for refined product in PAD dis- 
trict II averaged 3,901,000 barrels daily in 
1969. Outside sources provided an average 
of 683,000 barrels daily of refined products 
to meet the district's demand. PAD district 
III supplied an average of 531,000 barrels 
daily (215,000 by river barge and 316,000 
by pipeline); pipeline receipts from PAD 
district I averaged 113,000 barrels daily 
and pipelines from PAD district 4 supplied 
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17,000 barrels daily with imported oil 
supplying the remaining 22,000 barrels 
daily. 

The demand for refined petroleum prod- 
ucts in PAD district III averaged 2,423,000 
barrels daily. While this district is a sur- 
plus producing area, there were 71,000 bar- 
rels daily of products moving into the area 
by pipeline from PAD district II, and 
imports averaged 42,000 barrels daily. The 
imported products were principally bonded 
fuels for aircraft and vessels engaged in 
overseas trade. The district shipped 
3,178,000 barrels daily of refined products 
to other PAD districts. 

PAD district IV is also a surplus produc- 
ing area. Demand for refined products in 
this district averaged 367,000 barrels daily 
in 1969. Imports into the district averaged 
8,000 barrels daily and consisted primarily 
of liquefied petroleum gases from Canada. 
Net shipments of refined products from 
district IV averaged 57,000 barrels daily. 

Domestic demand for refined petroleum 
products in PAD district V averaged 
1,938,000 barrels daily in 1969. Imports of 
refined products into the district averaged 
88,000 barrels daily, and net receipts of 
refined products from other districts aver- 
aged 154,000 barrels daily. 


PIPELINES 


As of January 1, 1968, there were 
209,478 miles of pipelines transporting 
crude oil and refined products in the 
United States. This represents a 1,389-mile 
decline from the total reported in the pre- 
vious Bureau of Mines survey for January 
1, 1965. The mileage of gathering lines for 
crude oil declined 2,917 miles during the 
3-year period, and crude oil trunklines 
declined 1,558 miles. The January 1, 1968, 
survey did not include data for Capline, 
which started operating approximately 630 
miles of 40-inch crude oil trunklines from 
Louisiana to Patoka, III., in the summer of 
1968, nor did it include offtakes from that 
line to northern Illinois and Kentucky, 
which would be at least an additional 340 
miles. The decline in gathering lines for 
crude oil between 1965 and 1968 reflects 
the impact of the 15,000 fewer wells pro- 
ducing crude oil in operation as of Decem- 
ber 31, 1967. Larger capacity trunklines are 
replacing smaller lines. The total mileage 
of pipelines for refined products increased 
3,086 miles between January 1, 1965, and 
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January 1, 1968. The total crude oil 
required for pipeline fill in 1968 was 66.9 
million barrels, compared with 64.9 million 
barrels in 1965. The pipelines for refined 
products required 37.7 million barrels for 
fill in 1968, compared with 35.8 million in 
1965. 

Clearance is still being withheld for the 
start of construction on the  800-mile 
Trans-Alaskan Pipeline to bring crude oil 
from the North Slope of Alaska to the 
port of Valdez for transshipment to the 
west coast. In addition to satisfying Fed- 
eral and State government regulations that 
adequate precautions will be taken to 
insure no damage to the ecology, suits 
have been filed by native Alaskans claim- 
ing territorial rights and by conservation 
groups. It was originally estimated that the 
cost of the 48-inch crude oil line would be 
about $900 million, but with the delays, it 
is likely the costs will be much higher. 

Plans were completed late in 1969 for a 
600-mile products pipeline from the gulf 
coast to the Chicago area. The line, to be 
called the Explorer, will be a 28-inch line 
from Houston to Tulsa and a 24-inch line 
on to Chicago. Initial capacity of the line 
is expected to be 312,000 barrels daily. 


RAIL, TANK TRUCK, BARGES, 
AND TANKERS 


In a survey conducted by the National 
Petroleum Council in 1967, it was reported 
that as of June 1, 1967 there were 142,356 
U.S.-based tank cars, having a total capacity 
of 1.7 billion gallons, suitable for carrying 
petroleum and petroleum products. The 
Council's survey of tank trucks and 
trailer units estimated that as of January 
1, 1967, there were 81,300 units in service 
with an aggregate capacity of 497 million 
gallons. 

There were 2,925 nonpropelled and 
self-propelled barges and small lake tank- 
ers suitable for transporting petroleum and 
petroleum products in bulk on inland 
waterways, the Great Lakes, and in some 
instances, salt water as of January 1, 1967. 
About 76 percent of this fleet was operat- 
ing on the Missisippi River and the Gulf 
Intracoasta] Canal. The combined capacity 
for this fleet was 35.5 million barrels. 


The world tankship fleet at the end of 
1968 numbered 3,748 vessels of 2,000 gross 
tons or more and totaled 126,454,000 dead- 
weight tons. In terms of a 1-2 tankship, 
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which is defined as a 16,765-deadweight-ton 
vessel with a service speed of 14.5 knots 
per hour, this would be the equivalent of 
8,202 vessels. About 7 percent, or the 
equivalent of 575 T-2 tankships are under 
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United States flag registery. Under the pro- 
visions of the Jones Act, all ships involved 
in intercoastal trade in the United States 
must have been built and must be regis- 
tered in the United States. 


STOCKS 


The total stock of all oils at the end of 
1969 was 982.1 million barrels, a decrease 
of 17.5 million barrels for the year. Crude 
oil stocks declined 7.0 million barrels, 
stocks of refined products were down 15.1 
million barrels, while stocks of unfinished 
oils and natural gasoline and plant con- 
densates increased 4.7 million barrels. The 
heavy demand for liquefied gases resulted 
in a 16.5-million-barrel reduction in stocks 


of this product during the year and caused 
concern that butane and propane would 
be in short supply during the first quarter 
of 1970. However, no problems occurred. 
High crude runs to stills during the last 
half of 1969 to build up distillate fuel oil 
stocks also built up stocks of motor gaso- 
lines, and at the close of 1969 they were 
6.7 million barrels above the level a year 
ago. 


PRICES 


Crude Oil.—Beginning February 1, 1969, 
crude oil purchasers on the west coast 
announced a _ 5-cent-per-barrel price in- 
crease, and on February 25 one major com- 
pany announced a 20-cent-per-barrel in- 
crease for all States except California. By 
March 1 changes ranged from 5 to 20 
cents per barrel. For the next few months, 
there was considerable confusion in the 
marketplace. Some purchasers, feeling they 
had been overly optimistic with their 20- 
cent increase, cut back to competitors’ 
announced levels, and others, feeling they 
were too low, raised their offers. The situ- 
ation leveled off by July, and price adjust- 
ments followed a normal pattern for the 
rest of the year. The overall effect on the 
wellhead value of crude oil for the year 
was an increase of 15 cents per barrel, 
which raised the average price for 1969 to 
$3.09. 

Refined Products.—To compensate for 
the higher cost of crude oil, refiners raised 
the posted prices for their refined prod- 
ucts. The March posting for regular-grade 
gasoline was increased 0.73 cent to 12.48 
cents per gallon. The high posting did not 
hold, however, because of surplus supplies 
and by July was down to 12.09 cents. By 
December the price had increased to 12.29 


cents. The average of posted prices of 
gasoline at the refineries for the year was 
12.18 cents, a 0.45-cent increase. The aver- 
age tank-wagon dealers’ price in 1969 
(excluding taxes) increased 0.6 cent per 
gallon, while the pump price to customers 
(including taxes) increased 1.13 cents per 
gallon. Increases in State and local taxes 
were responsible for 0.22 cent of the 
higher consumer price. 

The Oil Daily publishes a daily series of 
dealers’ tank-wagon posted prices, exclud- 
ing all taxes, for kerosine and Nos.1 and 2 
distillate fuel oils by cities. These are for 
maximum quantity deliveries. A compari- 
son of an average of 50 cities at the begin- 
ning of 1969 with the end of 1969 showed 
that the price for each of the products 
had increased 0.8 cent per gallon. The 50 
cities’ average of yearend prices were—ker- 
osine, 18.5 cents; No. 1 distillate fuel oil, 
17.7 cents, and No. 2 distillate fuel oil, 
16.4 cents. The average posted prices at 
refineries in 1969 increased 0.24 cent per 
gallon for kerosine, 0.33 cent for No. 1 
fuel oil, and 0.24 cent for No 2 distillate 
fuel oil. Refinery posted prices of residual 
fuel oils increased 4 to 6 cents per barrel, 
depending on the sulfur content. 
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Figure 6.—Posted prices of selected grades of crude petroleum in the United States, 
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Figure 7.—Prices of Bunker “C” oil at New York Harbor, bright stock at Oklahoma 
refineries, No. 1 range oil at Chicago district, and regular-grade gasoline at 
refineries in Oklahoma, by quarters. 


810 


MINERALS YEARBOOK, 1969 


FOREIGN TRADE 


Foreign trade statistics reported in this 
section were compiled from two sources. 
The imports of crude and unfinished oils 
were obtained from the petroleum refining 
companies. Imports of refined petroleum 
products and exports were compiled by the 
Bureau of the Census. 


Total imports of crude oil and refined 
products in 1969 were 1,154.5 million bar- 
rels compared with 1,039.4 million in 1968. 
Crude oil imports increased 41.5 million 
barrels for the year, and 33.9 million of 
this represented additional imports from 
Canada. Imports of refined products 
increased 65.0 million barrels in 1969, but 
the increase was in bonded jet fuels and 
fuel oils for use as fuel by aircraft and 
vessels destined for overseas and for No. 4 
distillate fuel oil and residual fuel oil 
imported into PAD district I, all of which 
are not restricted by import quotas. 


On February 17, 1970, the President 
released the report of the Cabinet task 
force on oil import controls, culminating 
11 months of intensive review. The opin- 
ions of the committee were split into two 
conclusions. They first found the present 
quota system unacceptable and urged 
adoption of a tariff system which would 
cause a reduction of wellhead crude prices 


in the United States. The other faction 
recommended retention and reform of the 
present quota system. The President 
deferred a decision on the major issues 
pending consultation with foreign coun- 
tries and studies by congressional commit- 
tees. 

Exports of crude petroleum and refined 
products in 1969 totaled 85.4 million bar- 
rels, 800,000 barrels above the 1968 level. 
The principal product exported was petro- 
leum coke, and the foreign market for 
coke increased 18 percent in 1969. Another 
product that is showing a good growth 
rate in the export market is liquefied 
petroleum gas. Exports of lubricating oils 
and residual oil continued to decline. 


NATIVE ASPHALT 


Bituminous Limestone, Sandstone, and 
Gilsonite.—A tota] of 1,918,748 short tons 
of native asphalt and related bitumens was 
produced in the United States in 1969. 
The value of this production was 
$8,561,000. States reporting production in 
1969 were Alabama, Missouri, lexas, and 
Utah. Gilsonite, which is produced in 
Utah, is transported in a slurry pipeline to 
a refinery to southern Colorado, where it 
is refined into finished petroleum products. 
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Table 3.—Estimates of proved crude oil reserves in the United States on 
December 31, by States 1 


(Million barrels) 
State 1965 1966 1967 1968 1969 
Eastern States: 
lll desks EE 871 862 886. 814 272 
i ð-Vͤĩĩ ĩðz T TE rA 57 48 47 40 41 
Kentucky. sodomie mE mec e 108 101 94 80 78 
Mehmed. see Ossa 58 71 63 55 52 
New-York... . use se te 12 10 15 13 2 
ODIO eet LE ulus 101 101 114 132 127 
Pennsylvania. 77 78 63 59 55 
West Virginia 55 57 56 
VR DEE EE 834 828 788 TAT 685 
Central and Southern States 
Ü ²˙iwͥ ³¹˙·¹¹wrr 66 85 79 79 67 
AT MANNERS ons ẽ³ ⅛ͤ -u ..... b d 201 181 176 159 127 
JJ7ĩ¹ ⁵ ⁵ . S Sua 752 726 625 
Louisiana 43 36 sae oe ⁵³Ä vimm eme 5,246 5,408 5,456 5,608 5,689 
e ß ae aE 360 374 
Nebraska 71 57 68 55 47 
New Mexico_...... sone ce deet AE eet wie dd E 895 1,025 926 865 840 
North Dakota `. 895 8 290 287 285 
Oklahoma...............-.........-....... 1,517 1,518 1,459 1,895 1,390 
OMG EE 14,308 14, 077 14, 494 13, 810 13,063 
PH dee 23,806 28,772 28,925 23,179 22,984 
Mountain States: 
ee ß aa 327 344 340 420 401 
Mente 8 274 282 308 345 276 
Dish. 2o uas I ·ͤð2qbl.. E ees 197 218 201 180 195 
Will cua aci 1,169 1,073 1,044 1,101 997 
Nd | GRE c cui a ek eL i E CCS a 1,967 1,912 1,893 2,046 1,869 
Pacific Coast States 
) AA 160 322 381 3378 432 
Ger 4,567 4,608 4,369 4,341 4,243 
Ir See eee eee ee de 4,727 4,930 4,750 4,714 4,675 
Other States 21 
Total United States.. 81,352 81,452 81,377 80,707 29,632 


1 From reports of Committee of Petroleum Reserves, American Petroleum Institute. Includes crude oil that 
may be extracted by present methods from fields completely developed or sufficiently explored to permit 
reasonably accurate calculations. The change in reserves during any year represents total new discoveries, 
extensions, and revisions, minus production. 

? Includes offshore reserves. The December 81, 1969, total for Louisiana and Texas was 2,768. 

3 Does not give credit to reserves associated with 1968 discoveries on the North Slope of Alaska. As of 
December 31, 1969, the API Committee did not have sufficient information to make a meaningful determination 
of proved reserves associated with these discoveries. 

* Includes Arizona, Florida, Missouri, Nevada, South Dakota, Tennessee, and Virginia. 
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Table 4.—Supply and disposition of crude petroleum (including lease condensate) 
in the United States 


| (Thousand barrels) 
Supply and disposition 1965 1966 
Supply: 
Produetion: EE 2,848,514 3,027,763 
Impons8! 22. oe See cot ee ee bee 452,040 447, 120 
Total new supply e 3,300,554 3,474,883 
Stock changes: 2 
Domestic erude ` -22222-222 2-----aa —8,404 +17,868 
Foreign crude. ...................-..-- —1,364 +289 
Unser ð ee mk x e ae 
Disposition by use: 
Runs of domestic erudle 2,847,821 3,000,789 
Runs of foreign crude. ................- 453,021 46,404 
FCC ˙¹˙1b ⁰I—¼————— ¼ . ce 1,097 1,477 
Transfers: 
Distilla tek 778 752 
Residual. . . 22 8,950 3,551 
OBBOS EE 3,660 3,808 
Total disposition by ugse 3,310,322 3,456,781 


1967 


8,215,742 
411,649 


3,627,391 


+7 ,799 
+2,780 


3,174,004 
408,590 
26,541 


730 
3,671 
3, 276 


3,616,812 


1968 


8,329,042 
12,328 


3,801,365 


＋17, 653 
＋5, 570 
＋7, 138 


3,308, 044 
466,316 
1,802 


112 
4,212 
4,134 


3,785, 280 


1969 5 
3,371,751 
13,849 
3, 885, 600 
—4, 668 


—2, 298 
—1, 803 


3,864,360 


3,890,763 


p Preliminary except for crude petroleum production. 
! Bureau of Mines data. 


? Minus represents withdrawal from stock; plus d Gieres: stock increase. 


3 Represents the difference between supply and in 
* U.S. Department of Commerce data. 


icated demand for crude petroleum beginning with 1968. 
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Table 7.—Percentage of total U.S. crude petroleum produced, by States 


State 1965 1966 1967 1968 1969 
%%7%hGTf;;;Ä1ͥᷣw pu Qum ore s 85.1 84.9 94.8 34.1 84.2 
ui; ence RSS 20.9 22.3 24.1 24.6 25.0 
California... ..............-.......-- 11.1 11.4 11.2 11.2 11.1 
Oklahoma. „ ës i 7.4 7.2 6.7 6.7 
Wong Q uQ meme mE 4.9 4.4 4.2 4.3 4.6 
New Mexico 4.1 4.1 3.9 3.8 8.8 

7777 ee in be 8.7 8.4 8.1 2.9 2.6 
J%ôö»ͤ 7⅛˙˙,«:i˙.t sima ss .4 .5 .9 2.0 2.2 
Mississippi... 1.9 1.8 1.8 1.7 1.9 
mise 86 2.3 2.0 1.8 1.7 1.5 
Montana....... . . . . . .. . .. . . .....-.-... 1.2 1.2 1.1 1.5 1.3 
lee aa E 1.2 1.1 1.1 1.0 .8 
(ët Ve EE .9 .8 7 T 7 
North Dakota ...---.-0--2------0-- .9 .9 .8 7 7 

kansas... . Se umo seuls mE .9 .8 at .6 .5 
enten EY | .6 .5 .4 .4 
Michigan... . 5 5 E! .4 .4 
ebrask aaa , 6 5 4 . 4 .4 
Other States 1.6 1.4 1.3 1.8 1.2 
gd REES 100.0 100.0 100.0 100.0 100.0 


Table 8.—Production and reserves of crude petroleum in leading fields in the 
United States 


(Thousand barrels) 
Production 
— FN Esti- 
Field 1 State Total mated 
1968 1969 since reserves 
discovery ? 
Wilmington.........................- Californian 78,258 89, 053 324.553 1,276, 297 
East ens ssss. ; Toras- 8 48,460 56,244 3,870,993 2,129,013 
Timbalier Bay......................- Louisiana. 35,815 34, 458 262, 493 97,507 
Kelly-Snyder____ Tens c coc ceno 27,636 33,723 470,788 717,517 
Sho-Vel-Tum..___.-`.. .. „ Oklahoma 32,611 33,483 841,161 59,962 
Caillou-Island.......................- Louisiana 34,028 32, 955 389, 839 110,161 
Midway- Sunset EERE NE IEEE 8 California 33,201 32,916 1,056,985 270, 000 
nn AAA us Toris ee 80,064 32,079 487,048 115,729 
Seelieson (all . A 00 a Er 28,938 31,995 378,197 110,381 
McArthur River Alaska. ............- 21,308 31,440 53,499 250,000 
Bay Marchand, Block 2............... Louisiana 29,797 28,763 273,002 327,534 
Kern River. scu suu zS ⁵⁵ ue California 25,280 25,550 501,777 204,900 
West Delta, Block 30. ...............- Louisiana 23,473 23,949 192,812 207,188 
Grand Isle, Block 166... ETR e See Es 15,592 21,112 117,172 57,828 
South Pass, Block 24. TORUM e QUON i a 21,647 20,904 324,144 421,856 
South Pass, Block 27... ------------- e ESET 21,889 20, 548 176,737 134, 263 
Golds mitn. 0 coo 18,568 20,293 450,978 41,189 
Grand Isle, Block A9 k Louisiana 13,756 19,207 57,808 62,192 
West Delta, Block 7888 EEE s o CEE u tua 12,910 18,651 63,890 66,610 
San ot ec eee cc soaeaia 20,256 18,117 399, 809 129, 191 
Pan handle o O nee 19,296 17,622 1,215,946 430,415 
Huntington Bea cg California 19,342 17,598 829,715 140, 515 
Elk Bash... ³ðVDA Montana, Wyoming.. 20, 050 17,533 365,724 34, 276 
Tom OiCopnnor ~~ eee 0 MSN 11,620 17,396 350 , 080 100,593 
South Timbalier, Block 135. Louisiana 14,941 17,342 11,841 58,659 
Sooner-Trend. .............-........- Oklahoma 17,062 17,244 102,198 130,000 
Sprayberry Trend... ................- Texas 21,170 15,996 289, 627 157,684 
Main Pass, Block 41. ................- Louisiana 18,272 15,961 61,470 38,530 
Hawking... ˙»¹wb l u Su aces Texas___ uc 14,964 15,941 360 , 296 154,701 
West Ranch........................- „// A e 13,692 15,441 194, 763 47,938 
Vac uu — New Mexico. ........ 15,306 15,147 190,895 94,105 
Garden Island Bajo Louisiana 15,336 15, 125 108,118 60,111 
West Delta, Block 277 .. o ccc s 15,972 14,805 53 , 257 60,001 
Oregon Basin Wyoming 12,031 14,795 177.884 41,001 
Ward-Estes Nor tn. Texas. 12,724 14, 466 266,302 40,698 
Bell Keen Montana 15,670 18,939 30,581 83, 558 
Salt Creek...__._.--_.---__.--------- Wyoming 13,343 13,559 483,176 26,824 
Swanson River... l.l... Alaska. 8E 13,620 13,132 101,708 105,056 
Hastings, East and West CCC 12,432 13,051 405, 619 224,517 
Ship Shoal, Block 20 ` Louisiana. 6,626 12,610 33,217 65,159 
Beverly Huis -------------------- California 12,780 12,861 45,556 122,591 
Golden Trend. Oklahoma 11,961 11,661 346 , 874 148 ,126 
Lake Washington... Louisiana 13,105 11, 623 163,915 137,848 
Webster... Texas - _ c oco is 9,204 11,428 322,072 127,928 
Carpenteria Offshore California 5,492 11,329 21,218 95,000 
Rane. ³ð v ĩ 8 Colorado 15,344 11,303 436,156 163,844 
ba KFitlB-..- tii eee eos Louisiana 11,814 11,282 166, 961 53,088 


See footnotes at end of table. 
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Table 8.—Production and reserves of crude petroleum in leading fields in the 
United States—Continued 


(Thousand barrels) 


Production 
—— Esti- 
Field ! State Total mated 
1968 1969 since reserves 
discovery 2 
Headlee and North... .. NC VT EE 10,425 11,115 57,113 101,273 
Cote Blanche Bay West Louisiana 9,720 10,954 84,249 45,061 
Cowden, South (Foster, Johnson) Texas. 8,375 10, 895 256,749 63,251 
Main Pass, Block on Louisiana 11,672 10,866 . 138,332 161,668 
Weeks Island. . ...................--- VVV 9,638 10, 535 172,914 64,059 
San Ardo... oe Bee California 14,226 10, 521 217,748 99,515 
Middle Ground Shoal.. JJV askk aa 14,214 10,373 94,672 150,000 
West Ba: ccce Rhe Louisiana...........- 12,084 10,315 134,534 15,466 
Pepanus. ß ote uu unos Texas... 8 11,219 10,252 117 , 740 49 ,260 
Cogdell Area f EE 7,948 10,070 131,581 65,718 
Fairway u. „„ A Lue 8,816 10, 050 46,198 148,964 
Thompson (all fields)... ............... E, (0 c Rz 8,864 10,030 302, 853 42,147 
N Bay ss u A ³ A eee Alaska. ............- 3,082 9,938 13,749 50,000 
% ĩ˙]˙un. ²]ĩÜ¹6 -= OR S Texas. 8,784 9,436 458, 920 145, 644 
Bes (all fields). .................- o DET 10,212 9,409 89,052 55,022 
Cowden, North n C EE 7,997 9,396 225,576 94,424 
pics ec cC ENER o 7,650 9,313 519, 526 775,161 
0 Uc Louisiana 12,696 9,276 141,958 108,042 
Sand Hills exas______________- 231 9,253 163 ,618 33,382 
Granite Point Alaska 13,119 9,208 29, 380 145, 672 
Sheridàn... lc eu eos ee cus Texas. 5,888 9, 199 72, 946 37,054 
Belridge South. .....................- California 8,889 9,045 150, 675 72, 300 
Keystone I etna 7,945 8,947 242, 472 60, 528 
Van and Van Shallow................- VCC 7,886 8,810 949,697 56,303 
Bayou Sale Louisiana 9,070 8,798 140,302 59, 708 
Kelsey (all fields) EE 5d 7,068 8,708 91,179 85,063 
Greater Aneth. nnn Utah... 8,891 8,638 220 , 786 281,214 
Diamond EõEi Texas_-------------- 8,281 8,633 164,209 330,791 
r ta California 9,387 8,575 595, 693 68, 600 
Ventuu ß deme DIS “Z GE 8,405 8,575 140,678 70, 946 
Bay St. Elaine Louisiana 8,912 8, 525 112,982 40,018 
Dune ica i ee 8 Texas 5,694 8,341 77,957 73, 508 
McElroy- 8 77 7,846 8,384 267, 058 82, 942 
Empire Abo `. -2222-an New Mexico 7,903 8,177 60,489 39,511 
Old Ocean Qyoc MEREATUR DS 3,354  À8,101 134,895 65,105 
Ä ² ² ²˙¹ꝛ ³»AA edel E e EE 5,892 7,963 201, 434 64, 566 
Levelland eee E EE 8,491 7,932 182,611 68,085 
Means and North... nnn descr crore rose 6,996 7,894 113,326 16,674 
Old Illinois. ........................- Illinois. ............- 7,538 7,880 658, 370 16, 630 
/// co he d y ee New Mexico 1,945 7,758 13,163 40,060 
Quarantine Bay....................-- Louisiana...........- 9,017 7,538 123,380 47,620 
Dollarbhide Texas ism 5,705 7,319 88,252 55,127 
Clay City ]]. Illinois 6,827 7,220 274, 334 25, 666 
Midland Farms (all fields) Texas. 7,066 7, 208 151, 147 60, 672 
Fullerton (all fields) o asa 6,884 7,093 210, 697 64,308 
CCöÜ1 hv ea ae A a Oklahoma 6,210 7,056 26,160 23, 834 
1 Fields under 7 million barrels not shown for current year. 
? Includes revisions, if any. 
Table 9.—Well completions in the United States, by quarters 1 
lst 2nd 3rd 4th Total 


Quarter Quarter Quarter Quarter ——_—————_____—__—__- 
Number Percent 


1968 
Oll e EE 2,793 3,567 3,785 4,197 14,342 46.8 
CAS turi DO ee P a Sa 760 190 846 1,059 9,455 11.3 
DIVI dee 2,539 2,915 3,427 8,958 12,839 41.9 
II o eels ee Se 6,092 7,272 8,058 9,214 30, 636 100.0 
1969: 
))); ilia a SS 8,240 3,315 3,501 4,312 14,368 44.6 
GG%00%%%6[öÜ COR CIRQUE V ener oe D 852 865 1,049 1,317 4,083 12.7 
DEVI au una Luci ear 2,890 2.910 3.255 4.667 13.722 42.7 
Total decent eect cet Lau ese 6,982 7,090 1,805 10,296 32,173 100.0 


r Revised. Data by quarters adjusted to agree with annual totals. 
1 Excludes service wells 
? Includes condensate wells. 


Source: American Association of Petroleum Geologists and American Petroleum Institute, except for 1968, 
which includes some Bureau of Mines data for California, and 1969 which includes Nevada data 
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Table 10.—Well completions in the United States, by States and districts 1 


1968 1969 
State and district ——sh -< —— n ——or—, m -- [`  . >  —n-O-"T 
Oil Gas 2 Dry Total Oil Gas? Dry Total 
Alabama _._ .. ` . 9 1 22 32 10 1 37 48 
Alaska. eer 77 7 20 104 38 11 14 63 
Arizona. ___.-.....---_.------- E. sis. 6 10 9 2 27 38 
Arkansas 103 46 173 322 151 40 228 419 
Californian 2, 202 76 463 2,741 1,543 59 398 2,000 
Colorado. --------------------- 08 50 336 494 158 47 609 814 
Florida... es os ese Ss » Access 10 13 8 7 13 
Georgia. s ⁵o² ]᷑10⁰ji ẽð d ĩðͤ ] A ĩͤKy d yd lee sages weak 2 2 
Illinois... -2-2-2 544 1 497 1,042 417 5 458 880 
Indiana.. 122 14 201 337 129 7 231 367 
Kansas 1,210 90 1,735 3,035 1,271 184 1,522 2,977 
Kentuk ..................- 38 205 693 1,281 296 142 514 952 
Louisiana 
Nl 8 310 143 489 942 309 123 416 848 
South- lace 560 210 681 1,451 471 230 763 1,464 
Offshore. 476 184 388 1,048 372 190 263 825 
Total Louisiana 1, 346 537 1,558 3,441 1,152 543 1,442 3,137 
Michigan. 28 269 3 15 332 
Mississippi 161 12 506 679 195 16 504 715 
issou ri 1 4 16 IT 25 12 29 
Montana. e 319 40 506 865 186 31 578 795 
Nebraska 64 _.___- 221 285 57 1 825 383 
N 2: ndm eh An. ¿asua r 15 I GanauE 2 2 
New Mexico: 
West LO coc su ed rZ L my 80 127 45 202 58 237 89 9384 
East 5202.2. erus 482 23 190 695 503 26 261 790 
Total " w Mexico 512 150 235 897 561 263 850 1,174 
New York -2...22 83 10 13 106 112 12 10 134 
North Dakota 49 .....- 134 183 4999.9 203 252 
/ AA A eo 726 230 207 1,163 645 395 198 1,238 
Oklahoma. ...........-..-.-..-- 1,323 370 1,047 2,740 11,604 397 1,112 3,113 
Pennsylvania 472 253 70 795 547 277 72 896 
South Dakota 4 J VLL: 56 56 
(Tennessee  ------ 6 20 26 4 7 15 26 
Texas: 
Gulf Coast 499 198 722 1,419 517 206 630 1,353 
OW CBU c e un u TD eor uu Late 1,434 160 610 2,204 1,512 136 605 2,258 
East... olo domu id 221 67 289 583 292 56 208 556 
Pan handle 187 74 79 340 205 85 93 383 
Rest of State 1,432 264 1,372 3,068 1, 730 420 1,961 4,111 
Total Texas... s 3,779 763 3,072 7,614 4,256 903 3,497 8,656 
sce s ees LAE 38 5 56 99 47 16 lil 174 
F cette eee ee, TTT eniin. 1 1 
et, Al SE EE E 9 10 
Washington 2 B. "ident . 8 
West Virginia 119 522 92 733 135 652 115 902 
Wvoming. gg 501 89 652 1,192 699 57 819 1,575 
Total United States 14,342 8,455 712,839 7 30,636 14,368 4,083 13,722 32,173 


r Revised. 
1 Excludes service wells. 
? Includes condensate wells. 


Source: American Association of Petroleum Geologists and American Petroleum Institute, except California 
for 1968 and Nevada in 1969, which includes some Bureau of Mines data. 
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Table 11.—Producing oil wells in the United States and average production per 
well per day, by States 


Producing oil wells 
1968 1969 
State Approximate Average Approximate Average 
number of production numberof production 
oil wells per well oil wells per well 
producing er day producing per day 
Dec. 31 (barrels) 1 Dec. 81 (barrels) ! 
Alabama 29222222: .0 009 ? 546 38.7 ? 550 88.5 
AISSKER o L «˙« ꝛ; ⁵² y md v d a 163 1,407.7 183 1,171.2 
F ³ðAA ee 22 488.5 29 261.4 
All . ues AE wux;oqaewwenu tesi suce 6,445 8.2 6,118 7.9 
California: 
e ß Q Tuy 11,402 39.2 11,178 41.2 
Central Coastal... --------------------------- 5,616 30.7 5,494 32.5 
East Contral EE EE 24,286 16.4 24,265 15.7 
Nl 8 56 40.7 60 39.8 
Total California 41,860 24.7 40,997 . 25.0 
Sies ³ðZ-Ad ⁵ 8 1, 825 49.1 1,811 42.6 
III! ⁰ 27, 236 5. 6 26, 733 5.1 
õõĩ³˙wwi. ²- . eee oe 24,830 5.2 24,094 5.1 
vU HENCE EORUM e OO =S ad 45,145 5.6 44,665 5.4 
Kentucky, nos ee ene 8 ? 12,311 3.0 ? 11,843 2.9 
Louisiana: 
Gulf Coast EE 16,486 125.6 15,745 185.8 
Nail 8 13,780 10.1 13, 648 9.7 
Total Louisiana. .................-.......-- 30, 266 78.3 29,393 17.6 
Meli... eee EE 4,273 8.6 878 8.2 
IU)... y eri Esc 2,599 62.2 2,548 68.4 
Monti! 8 3, 385 39.1 8,881 85.9 
e EE 1,403 25.4 1,305 24.5 
New Mexico: 
Southeas tern 15, 323 21.1 15, 522 21.3 
Northwes teen 1,580 18.2 1, 566 15.8 
Total New Mexico 16,9038 20.9 17,088 20.8 
Nëw York -z ocean Aa ez d 4,201 .9 5, 268 Wi 
North Dakota_ ðv ĩð v 2,075 83.1 1,987 80.6 
Ohio Ce 15,480 2.0 15,787 1.9 
Gale 81,052 7.5 80,952 1.6 
Pennsylvania___ e eo te 42, 500 .8 81,625 .9 
South Dakotas. joc coke 8 27 18.6 26 16.3 
Texas: 
District ...... Scarce see ee 10,620 4.9 10,584 4.7 
District: 02... ³ĩV¹w--.w ee 5,868 81.8 ,695 85.6 
District EE 12,504 83.1 12,159 34.5 
Ka) DEE 9,778 27.3 , 269 27.1 
Die.... eege k RITL mec ccs 8,159 13.6 8,092 15.4 
District 06, except East Texas 6,165 13.9 6,945 21.8 
East Texas.. —— o nS uet 8 15,902 12.9 15,486 10.1 
District 0/ EE 13,714 7.4 13,079 7.8 
District 01€... . mee EE TES 8,273 17.2 , 093 15.7 
District EE 89,006 20.1 88,047 20.8 
District OSNA... 18,035 28.7 17,698 81.8 
District 09... .. ull demain SS See 31,276 5.4 80,424 5.1 
District 10 ß nenna inae e 18,627 6.6 13, 575 6.1 
Total Texas. ĩ]ĩ?ĩ—̊ eer 187,922 18.8 188,141 17.0 
EE 78.6 84 74.8 
West Virginia... 64 so cci ci See ROS EDAD Dacus ESO 13,049 7 212,849 7 
( ⁰˙qſſſ ³ N A u s iu eun 8, 805 46.8 8,978 49.1 
Other States: 
Fh ³oð—wͤp ²⁰ wee uu sees 44 94.8 45 106.6 
I!. e 128 1.3 164 1.3 
NS ³˙˙˙ LER OSEmE mam EE eq ds 18 57.0 11 50.9 
Tennessee 232 5 2 35 2. 6 
%öéðêé6 ᷑i ⁶ ) ⁵ð ⁵ TTT 8 5 1.8 5 5 
Total; ee AE 222 21.7 260 23.4 
Total United States 553,920 16.2 542, 227 16.9 


1 Based on the average number of wells during the year. 
2 Estimated by Bureau of Mines; all other numbers of produeing oil wells furnished by State agencies. 
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Table 14.—Refinery receipts of domestic 
(Thousand 
Interstate receipts from— 
MEA Total Intra- ` 
Receiving district and State domestic state Ala. Calif., N.Y. 
receipts receipts and Ark. Nev., Colo. and Ill. 
Miss Alaska Fla. 
District I: 
Delaware, Maryland............ 6 % Janise eaud ⁰ uide 1,840 ...... 
Florida, Georgia Virginia 1,638 ......... CJõ ( ⁰⁰¶A 8 
New Jersey 78,849 ......... ) y sss case 
New York...... cess tens )). ³ 160 
Pennsylvania: 
Bast. - D o u Z De 95,975 ......... 1:324 EE EEN 
West 17,715 ih A cx s ES 42 936 469 
West Virginia 2, 864 Cr ] i y v wass 
ett. u sees sl. 205,905 7,064 16,045 ...... ...... 4 2,776 629 
District II: 
Häng eeben 243,734 21,005. 1,718 e adccce 8888 aaau 
Indiana- -200MM 184,183 5 1:150 WER 2,150 
Kansas 136,717 789ſ 9 teuer Ili nlt vocGeec 
Kentucky, Tennessee 57,330 B.404- 1:012. cists imc n» 112 11,903 
Michigan 39, 473 // ceeds (( “estes 3,580 
Minnesota, Wisconsin % "Meier, ͥͤ y; d WEN "dedic 
Missouri, Nebraska. /;ö; ũ md yd y . ` dere geed 
North Dakota... 16,938 //. ⁰⅛o⅛qq A eee, eles irre 
io: 
CCC 8 22, 728 5.983 t , 02d. uiiziues qusbes 2, 528 ...... 2, 832 
sss 118,212] , 3,621 ...... ...... 3,794 15,155 
Oklahoma .__..... 157,985 114.2399 scocca EE 1,488 ...... ...... 
d KC ` 1,012,497 262,054 7,9711114 10, 966 12 35, 620 
District III: 
Alabama.. 8,083 /// A/ Cus, e 
Arkansas 30, 312 h adgcee mouded pedea Otras E 
Lougiana --------------------- 423,942 361,014 23,459 ))) AA 
Mississippi... 22 59, 593 22 ³ðVoꝛ A Ge ase 
New Mexico 14, 305 14,184 ...... .....- EK zie. ͤ aoe 
9J9%·§·ĩ?é“ 8 1,018,207 766,763 1,078 UU mk 
ett 1,554,442 1,172,164 27,872 200 121^ ce e na A i tet 
District IV: 
Colorado —: 13, 265 CC ⁵ĩ¾⁰ ᷣ ee, d udo Dau 
Montana 29, 328 Ir eens. ĩð2A 8 
J ⁵ A D eg 39, 375 JJC 150 16,841 ...... ...... 
Wvomung. 46,386 45.249. zl Bil ute isses 
!!! iea 128, 354 69,962 ...... — 150 17,512 ...... .....- 
District V: 
Californian 450, 390 319, 100. .LasLec- cess 4 59,811 TD ct eect 
Other States 32... 13, 841 7,905 lice _ / cecus 
Ka WEEN 464,231 $83,672 ...... ...... 65,747 réi NEEN 
Total United States 3,365,429 1,894,916 51,891 200 66,018 28,592 2,788 36,249 
Daily average 9,220 5,192 142 1 181 78 8 99 


1 Oil from Virginia. 


2 Includes 12,000 barrels from Tennessee. 
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crude oil, by state and district in 1969 


barrels) 
Interstate receipts from— 
Ind Ohio Nebr., Total 
. and La. Mont. N.Dak., N. Okla. Texas Utah W.Va. Wyo. interstate 
Mich. Ky. S. Dak. Mex. receipts 
P 206: ee ˙u-w ⅛ K m 8 4.2/8. uec ¿uuu Isu xm 6,384 
% lE ru RM M ĩ le ß ,, J seudo. Poraka 1,638 
JS M hh; e vex» 102084 actos, déier Deb koa 78,849 
3 3 295 ....... ......- 1, %%% 8 4 
CCC 43,9386 ....... ......- 333·́ 1 W A AA Wessie 95, 975 
Ld 16 ; TONS 4,470 Ll MEN 1,327 22:25 [1 12, 226 
353 ; J))))%.!!.!ͤũͤ] ”“51ẽ0Ü d ² ð- ᷣ de ßy;s Manli eri TS Sas 1,289 
vadis 16 4,588 94,861 4,765 59 232 2,699 70,518 ...... 1,011 ....... 198,841 
436 2,966 ` 40, 966 1,625 1,593 21,036 31,276 109,462 ...... ...... 10,744 222, 709 
195 13, 328 4 10,789 10,478 3,954 20, 584 30,607 50,568 ...... ....-- 33, 558 177,371 
Duc OL win SUL 8 1,021 1,579 6,706 16,568 17,4233 13,858 58, 868 
NICE t80. -30,399 alese · / TTT 8 170 48, 866 
——— orc 14,418 ...... .....- 9,835 27,833 
ARAN dec. icd Anes 8 CC! ²˙1mnà ³·¹wwwmA1AA ⁰ꝛv. aire uus. "ve 6, 556 
ras S % — 66 7,828 3,588 7,8008444 6,992 28, 641 
Qon DEUS C 8 ny scu zr DC HP MSIE EE 890 
e 1,018 ...... /, xO SSS Ee PFF a aaee 2,279 16,766 
DE 353 ...... 44,664 42 125 1,575 4,101 38,416 ...... ..... 5,745 118,191 
3 // ⁰Ü.A AAA uud ende 3,672 ....... 33,496 1,472 ...... ...-... 43,752 
631 22,948 84 136,858 14,656 15,173 61,401 87,876 271,591 1,472 ...... 83,181 750, 443 
C 7) carcass. . ³˖·A ˙ ̃ TV-. 8 6, 933 
171 Sa. uude Os lee. acetess. teases. ĩðj ĩͤ II,, ð K 252522 13,796 
cano ee utor C 37 35 3900 A 1 62,928 
JJ ͤ ͤ e NE CJC0))JJ))J/ꝙꝙꝙJTTGGãͤͥͤͥͤͤͥͤͤͤͤ ↄ³ A ³ĩðÄ A AA eumd ecd E 
„ 1 —. 196,134 .. ....... 49,770 1,0760 ....... 2,7885. 251,444 
RR 1 ...... 250,511 ....... ....... 49,807 1.711 49,270 2,785 ...... ......- 382,278 
mere. elati meGlee, élue 2,754 ......- BFF 18 ...... 8,812 11,585 
JJ ĩðVͤ EEN diu. ae dee pd ĩͤ 8 16,497 16,497 
%% teste, reu EL 8 S8) ð 18 29, 203 
3% EE DRE 429 Wo sexus assasi SSES ⅛ ¾ y uU Eo SÉ TO 1,107 
Ge Ee Seeks, rie 3,183 7 Bf sapos. ee 18 ...... 37,405 58,392 
Bee esos cc a md CEU condo 3,001 ....... 339 10,800 ...... ....-.- 74,623 
ͥlil pp e , ñ ee ß . pcdes ue 5,936 
Aen deducens deal de Coles eee 3,001 ....... 339 10,800 ...... ......- 80, 559 
631 22,965 4,672 482,230 22,604 15,239 115,098 92,286 391,718 15,075 1,611 120,646 1,470,513 
2 63 13 1,321 62 42 315 253 1,073 41 4 331 4,02 


3 Alaska, Hawaii, Oregon, and Washington. 
Includes 2,216,000 barrels from Arizona. 
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Table 18.—Pipeline tariff rates for crude petroleum and petroleum products, January 1 


(Dollars per barrel) 
Origin Destination 1968 1969 1970 
Crude oil: 
West Texas Houston, Tex 30. 145-30. 16 30. 14-30. 16 30.14-30.16 
DS Me ICM East Chicago, Ind .29 — .81 .28 .28 
ct DE E 8 Wood River, Ill... .27 - 28 .27- .28 .26 
GE SE Chicago, III. .22 .22 .22 
// TE E Wood River, Ill..... . 19 .19 .19 
Eastern Wyoming „„ Chicago, III. 32 — 83 KE .30 
; EEE Wood River, III. .29 - 30 .80 .80 
Refined products: 
Houston, Tn Atlanta, Ga... .219- .277 .2710 2770 
Pö·; L d zs se sua New York, N.Y..... .905 3055 2870 
Tulsa , OK FP Minneapolis, Minn . 52 . 52 .65 
Salt Lake City, Utah....- Spokane, Wash .48 .48 .50 
Philadelphia, Pa.. Rochester, N.. .24 .24 .24 
Source: Interstate Commerce Commission. 
Table 19.—Receipts of domestic and foreign crude petroleum at refineries 
in the United States by mode of transport 
(Million barrels) 
Transport 1965 1966 1967 1968 1969 » 
By water: 
Intrastate. 147.3 152.0 129.1 136.8 138.0 
Interstat!e - 2... 296.6 347.7 428.4 428.8 409.6 
, deme betes ee ee 344.4 320.7 265.3 808.0 814.3 
fr sS 788.3 820.4 822.8 868 .6 861.9 
By pipeline 
Intrastate.. ----------------------- 1,407.0 1,465.8 1,581.1 1,673.0 1,715.1 
Interstate 955.8 996.2 995.9 1. 023.7 1,055.0 
Prei ³ð ĩ ECOL 107.4 126. 0 146. 6 169.2 199.2 
. ³ĩðVAĩ teda 2, 470.2 2,588.0 2, 723. 6 2, 865.9 2,969.8 
By tank cars and trucks 
Intrastate sc lu Duy s oe ap 34.8 88.1 40.0 40.8 41.8 
Interstate 3. 5 4.5 5.7 6.8 6.0 
EENEG muya  iadbudes. Jeff ët P 
! ³ 38.3 42. 6 45.7 47. 6 41.8 
Grand total.....................- 3,296.8 3,451.0 3,592.1 8,782.1 3,879.0 
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Table 22.—Stocks of crude petroleum, natural gas liquids, and refined products 
in the United States at yearend 


(Thousand barrels) 
1965 

Crude petroleum: 
At refineries... .------------------------ MMO 59,386 
Pipeline and tank farm..........................- 144,740 
Frodu 2c Soccer eet ee eee ooo eee 16,163 
Total crude petroleum... ...................... 220,289 
Unfünished oils- ³ðW6AAA ð?Lvãͥ ⁰¶⁰d ⁰ãyd DE c. 88,609 


Natural gasoline, plant condensate, and isopentane...... 5,237 
Refined products 522, 209 
Grand e oe os perce ce hes 836,344 


1966 


62,720 
153,930 
21,741 


238,391 
89,213 
4,563 
548,938 


881,105 


1967 


12,093 
158 , 797 
18,080 
248 ,970 


5,782 
599, 158 


944,111 


1968 


78,718 
177, 133 
16,342 


272, 193 
93,399 


999 , 572 


1969 


76,088 
172,252 
16,887 


265,227 


5,704 
618 ,373 


982,123 
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Table 26.—Value of crude petroleum at wells in the United States, by States 


1968 1969 
State Total value Average Total value Average 
at wells value per at wells value per 
(thousand dollars) barrel (thousand dollars) barrel 
Alabama. . oes ee LL 20,385 32.67 20, 793 $2.70 
RT EE 186,69 2.82 214,46 2.90 
Ai... dE 9,606 2.85 7,056 2.90 
Arkansas 53,137 2.78 51,079 2.83 
California... EE 883,644 2.35 920,060 2.45 
Colorado. EE 94,215 2.95 88,277 8.12 
;; Lee 173,120 3.07 161,302 8.18 
ee . a 26, 511 8.05 5,013 8.19 
BNBAÜB. os ore ee eee lr as cC 285,405 3.02 283 , 891 3.20 
Ft eh EE 41,125 2.93 40,194 3.11 
Louisiana: 
Gulf C Sook bei ee ote 2,414, 466 3.15 2,635,002 3.31 
Northern... cee . . 8 156,175 8.07 156,267 3.22 
Total Louisiana. ..........-......-- 2,570,641 3.14 2,191,269 8.30 
Mien 8 287 2. 95 37,494 3.07 
Mississippi. . 164,396 2.80 187,514 2.92 
Montt lance ER eS eed 124,488 2.57 118,359 2.69 
Nebraska... toe ee 86,781 2.79 36,075 2.98 
New Mexico: 
Southeast ern 350, 430 2.97 378, 561 3. 15 
Northwestern 28, 278 2.72 25, 880 2. 86 
Total New Mexico ------------- 878,708 2.95 404,441 8.18 
/ ee a et aaa 7,093 4.63 „683 4.52 
North Dakota, .„..------------------------ 66,106 2.64 63,568 2.80 
Ohio sh y x y AM Susu 85,722 3.19 86,098 8.29 
Oklahoma. ...........-......... 2 -2.l.2.2.- 668 , 202 2.99 701,155 8.12 
Pennsylvania 18, 698 4.49 20, 086 4.52 
South Dakota 22 ---ee 401 2.15 862 2.29 
Texas: 
Gulf e EE 787,066 8.81 787,130 8.42 
East Texas Field. ..................-- 165,041 3.11 187,638 8.24 
// _ ( nce: 1,565,993 2.95 1,715,586 3.14 
Deonhandle ------------- 00,478 3.02 95,788 3.17 
Rest of State 882,129 8.02 910,186 8.17 
Total Texas 8,450,707 8.04 8,696,328 8.21 
LL EE , 826 2.67 65,320 2.80 
West Virginie 13,149 8.97 11,888 3.83 
r AA 380, 589 2. 64 433,846 2.80 
Other States iii : 2.80 5,06 2.47 
Total United States. 9,794,826 2.94 10,426,680 8.09 


1 Florida, Missouri, Nevada, Tennessee, and Virginia. 
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Table 27.—Posted price per barrel of petroleum at wells in the United States in 1969 
by grade, with date of price change 


(Dollars) 
Pennsylvania grade Oklahoma-Kansas 
Bradford In | Cold- 
Date and south- Corning Western  Indiana- water 34°-34.9° 36°-36.9° 
of change Allegheny west grade Kentucky Illinois Mich. API API 
districts Penn- 
sylvania 
Jan. 1.2 4.63 4.08 3.12 3.20 3.20 3.00 3.02 3.10 
Mar. 1........ CES Kee 8.17 8.25 3.25 8.05 3 N 
Mar. 15. SM ees 8.22 8.30 3.30 ee. 3.17 8.25 
Apr. 1l... SE DEE S 3.35 3.35 8.10 — EN 
Dec. 16 NN VES 3.17 T SR nie METRE E 
Panhandle, 
Tex. Lea 
(Carson, West County, South Texas 
Gray, Texas N. Mex. Texas East Conroe, —— y n T, 
Hutchinson, 30°-30.9° 30°-30.9° Mirando Texas Texas 30°-30.9° 20°-20.9° 
and Wheeler API API 24°-24.9° API API 
Counties) (sweet) (sour) API 
35°-35.9° 
API 
Jan lass 225: 3.06 2.96 2.80 3.25 3.20 3.35 3.10 3.00 
Feb. 25. 3.22 E S EOE 3.40 EN NN "X 
Mar. 1`..-...-- MEUS 3.16 3.00 3.30 3.30 E DENS rans 
Mar. 15. 3.17 PA 2.94 Lx sialon — TNNT PA 
Mar. 22 Eeer EE EE 3.35 UPS 3.45 3.20 3.10 
Apr. 1999. E MEER HN 3.45 3.40 Ee M SORS 
May 9 MER 8 REH n 3.35 3 RM n 
May 15......- MESE ES SE 8.40 das SE ECH 8 
June 1 OMS 3.11 TO 8 REM end EE? ue 
Magnolia Elk California 
Caddo- Smack- Basin, —— sI 
Louisiana Pine over Wyo. Coalinga Kettleman Midway Wilming- 
30°-80.9° Island, Limestone, (including 32°-32.9° Hills Sunset ton 
API : Ark. Montana) API 37°-87.9° 19°-19.9° 24°-24.9° 
36°-39.9° 31°-31.9° 30°-30.9° API API API 
API API API 
Jan! 8.10 3.04 2.72 2.71 2.96 3.21 2.23 2.58 
Feb. 24. mE petes — 2.76 EM Et EE Cr 
Mar. 1.......- 3.15 AMAT ——— 2.81 3.06 3.31 2.33 2.68 
Mar. 10 er EE 2.82 EAS NES GE NX €— 
Mar. 22 3.20 3.19 MN ROS EcL ede Pee = e So 
Apr. 11 Geste Se Sate rm 3.16 3.41 2.43 2.78 
Apr. 199. 3.30 ds "o 2.91 1 . M Lo 


Source: Platt's Oil Price Handbook. 


Table 28.—Wholesale price index, crude petroleum 
(1957-59 = 100) 


Month 1965 1966 1967 1968 1969 

EN TC o ß A lo 96.7 96.9 98.2 99.0 99.7 
l eke 96.7 97.0 98.2 99.0 99.9 
March... ons 96.7 97.0 98.3 99.0 103.7 
FI See ee et eae 96.7 97.0 98.3 99.0 104.8 
May: s-ericcltt 88 96.7 97.2 98.3 99.0 104.7 
UN EE 96.7 97.4 98.3 99.3 104.5 
öĩ⁊t ů !z¼:ꝛ:ꝛ:ꝛx sos m iE 96.7 97.5 98.4 99.4 104.5 
AU oĩ;’wꝛm»A d rU 96.7 97.7 99.0 99.7 104.5 
September occu aoc 8 96.'7 97.7 99.0 99.7 104.5 
October. 2.42224) 2 eee Seca sete 96.7 98.1 99.0 99.7 104.5 
November. 96.7 98.1 99.0 99.7 104. 5 
December. o e S u ees 96.9 98.1 99.0 99.7 104.5 
Average... ul uuu T uuu 96.8 97.5 98.6 99.4 103.7 


Source: Bureau of Labor Statisties, U.S. Department of Labor. 
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Table 30.—Salient statistics of the major refined petroleum products in the United States 
(Thousand barrels) 


Product 1967 1968 1969 p 
Isopentane: 
, ß y e 3,021 2, 660 3,457 
Stocks TN ic ee Eod mate fee ote 24 44 10 
Used at refiner ies 3,005 2,640 8,491 
Natural line: 
Role. 8 136,273 145, 214 154, 472 
Stocks end of year: 
At platti- ul l ß e Su 2 ays 2,645 2,584 8,358 
At refineries... 222 LLL LL LLL LLL L2 ee 2,077 1,860 1,557 
Total Stocks... eee ee eee e 4,722 4,444 4,915 
Used at repnerieg ............. 222-2 2 L2 2 Lll ll ... 135, 516 145, 492 154,001 
Plant condensate: 
Poder, naa a aaa 37,970 38,494 34, 133 
Stocks end of year: 
AA Eer 895 841 547 
All K ³ ...... l... 141 137 232 
Total srock aas. 1.036 978 779 
Used at refnerieg -22-22220000 aaaaaaaaaaanaanMMnManMMMM 37,524 38, 552 34, 332 
Finished gasoline: 
Production: 
At refineries. ___.-...-_- 2-2 eee 1,838,522 1,988 , 827 2,022,407 
At gas processing plants 7,261 6,211 5,745 
Total gasoline production 1,845,783 1,940,088 2,028,152 
Stocks end of year: 
At refineries... 22 LLL LL LLL ccc sss sss cL 22227 201,715 : 211,256 217,084 
NR EE 265 270 808 
Total stocks________ noe d Be eels 207,980 211,526 217,392 
/ eae II ye ee mr OOH e ee mh: 15,215 21,591 22, 709 
Exports______.. _._ ↄvyV Seas be ð v yy ccu haere cem 4, 877 2,088 2,526 
Domestic demanß qa 1,842,686 . 1,956,000 2,042,469 
Motor gasoline: 
Production: 
At renineries EEN 1,801, 448 1,902,264 1,995,947 
At gas processing plants. 7, : 745 
Total motor gasoline production 1,808,709 1,908,476 2,001,692 
Stocks end of year: 
Aenne é 199,790 204,226 210,891 
1 oci lene nnne de tee pu SLA E 265 270 808 
Total motor gasoline stocks. 200,055 204,496 211,199 
RE EE 15,215 21,591 22, 709 
177õÄ˙—;ʃ¹ât⸗ ä. 8 848 249 719 
Domestic demand.. . lll Lll l 22s lr- 1,809,782 1,925,376 2,016,979 
Aviation gasoline: 
Produetion________ Ride Boece at 87,074 31,568 26 , 460 
Stocks end of vear ee 7,925 7,080 - 6,193 
ͤõ none a ͤ c LL Rem 4,029 1,884 1,807 
Domestic demand. ___. LL LL LL Lll ss Ls sc 222 32,904 80,624 25,490 
Jet fuel: 
Foal 273, 229 314,928 321,718 
Stocks end of year 22,211 24,277 28,078 
111777;; ̃—I—- P a aoe 82,891 88 , 507 45,589 
EXDOHS.. ß MD E LE 2,021 2,092 1,928 
Domestic demand. ................... l.l l LL LLL c 2 2222 300, 770 349, 378 361, 533 
Naphtha-type: . 
Production: 
At refineries... --_------------------------- 109,650 121,165 104,748 
At gas processing plants 44 277 18 
Total production 109,694 121,442 104,766 
Stocks end of year: 
At refineries. __....--.---.._..------..---- 9,028 8,880 8,587 
AUDISDU u . Z iere 14 24 19 
Total stock 9,087 8,904 8,556 


See footnotes at end of table. 
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Table 30.—Salient statistics of the major refined petroleum products in the 
United States—Continued 
(Thousand barrels) 
Product 1967 1968 . 1969» 
Jet N SE a 
a a-type—Continue 
P re Ee 5,450 7,117 5,134 
FF echec ue uUum uet S Lua 1,804 2,091 1,928 
Domestic demand... 111,546 126, ,601 108, .320 
Kerosine-type: 
Production 163, 535 193, 486 216,952 
Stocks end of vear w „ 13,174 15,873 19,517 
Kee c c ccce n r 8 26,941 81,390 40,405 
EXDO EE 217 I 
Domestic demand. dali 189,224 222, 777 253,213 
Ethane (including ethylene): 
Production: 
At gas processing plants 36,733 45, 803 63,027 
At refineries... ³o¹ꝛ˙ p 2 e aei E E d Ru Zn 7,028 9,446 9,159 
Total production 43,761 55,249 72,186 
Stocks end of year: 
RENE EE 2,115 2,212 2,182 
C ²̃ ²˙ Ü%ù:¹ EE ee ̃ Ä! . dud t auis 
Total Stocks !,. ERE mea ud mugs 2,115 2,212 2,182 
Domestic demand: 
Plant ethane:.. 2n. 2-2 36,089 45,706 63 , 057 
Refinery ethane and/or etbvlene ----------------- 7,028 9,446 9,159 
Total domestic demand. ........................- 43,117 55,152 72,216 
Liquefied gases: 
Production: 
At gas processing plants (LPG ...................- 289,885 305,459 315,430 
At renneries (LRG): 
r ß cece. S erede ae 67, 589 71,102 75,659 
For chemical ugse 36,900 37,539 38,703 
Total production at refineries.. --.------------- 104,489 108,641 114,362 
Total production. LL. l ll... 394,374 414,100 429,792 
Stocks end of year: 
LPG stocks: 
At planis... eco cheese RI RIS Eat benc acd 56,570 68,928 51,799 
AtTelnerleH.:. oce ammi enn ents eee 555 647 571 
Total LPG stocks. `. 57,125 69,575 52,370 
LRG stocks: 
For fuel ue — 4,741 4,225 4,782 
For chemical use. _.-.-.----------------------- 18 148 268 
Total LRG stock 4,925 4,378 5,050 
Total stockgs.__.... ⁵ðViĩ ct eee . mE OL ES A 62,050 73,948 57,420 
Impor- ous cee se EA 9,885 11,647 12,651 
e ß GE 9,262 10,608 12,795 
LPG used at refinerienmns 68 , 675 72, 652 72, 764 
Domestic demand: 
LPG for fuel and chemical use... ...................- 198,434 221,869 263,404 
LRG for fuel use 22. 2. 2 22-2 L2 Lll LLL Lll .2- 65,978 71,628 74,447 
LRG for chemical use 36,922 37,092 85,561 
Total domestic demand.......................... 301,334 330 , 589 373,412 
Propane (including propylene): 
Production: 
At gas processing plants.. 169,767 184, 409 195, 346 
At refineries: 
For fuel e xa EL EE S 53,689 56,847 57,022 
For chemical use_..--.-..-.-.----------------- 18 , 444 17,489 19,721 
Total production at refineries.. --------------- 72,133 74,836 16,743 
Total production. ..........................- 241,900 258 , 745 272,089 


See footnotes at end of table. 
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Table 30.—Salient statistics of the major refined petroleum products in the 
United States—Continued 


(Thousand barrels) 
Product 1967 1968 1969 p 
Propane (including propylene)—Continued 
Stocks end of year: 
Plant propane stocks: | 
ee ß 87,064 44, 523 31,375 
At reRneries ess re 
Total plant propane stock 87,069 44,528 81,379 
Refinery propane and/or propylene stocks: 
For fuel /;ô˙»% mH⁰H RS 3,445 2, 947 8,088 
For chemical une 68 7 215 
Total refinery propane and/or propylene stocks 8,508 8,020 8,298 
Total stocks. LL LLL ll ll lll LLL. l.- 40,577 47, 548 34, 677 
Fh! //ſſͥ / ³ ³ uu ie LM i pss De 4,190 5,627 5,251 
ee d GE 1,782 2,542 2,412 
Plant propane used at refineries_-......-.-.------------- 2,040 1,587 1,632 
Domestic demand: 
Plant e ³ðVAAi dE 154, 644 178, 448 209, 702 
Refinery propane and/or propylene: 
For fuel ne kan aya ORAE TOUT TRIER REN: 52, 586 57 , 845 56,886 
For chemical use... ....-.-.------.---..------.- 18,452 17,479 19,579 
Totalrefinery propane and/or propylene domestic 
demand: ccc eee ties eee sss 71,088 74,824 76,465 
Total domestic demand.....................- 225,682 253,272 286,167 
Butane (including butylene): 
Production: 
At gas processing polants k 75,492 78,908 86,471 
At refineries: 
For fuel uus RE SQ UE 10,147 9,584 13,535 
For chemical use 10,089 12,441 10,987 
Total production at refiner ies 20,236 22,025 24,522 
Total production 95,728 100,928 110,998 
Stocks end of year: 
Plant butane stocks: 
11•·ÜͤÜodoẽ6 eeh i m tet 14,057 16,141 13,330 
0 lo cec eec em ucc c 292 857 270 
Total plant butane stock 14,349 16,498 13,600 
Refinery butane and/or butylene stocks: 
For fuel Use... oe os AAA 1,137 936 1,448 
For chemical use T9 42 86 
Total refinery butane and/or butylene stocks 1,216 978 1,484 . 
Totale udo eue 15,565 17,476 15,084 
E 2.220924 ĩ⁵ðſ ͥ⁰⁰⁰⁰y y cn LL AL LE 5,695 6,020 ,400 
F ͥ ⁰ . AA 88 914 1,184 8,084 
Plant butane used at refineries. ......................... 85,586 41,526 40, ,268 
Domestic demand: 
Plant butane ee 37,321 40, 064 53,417 
Refinery butane and/or butylene: 
FSI; cec . 8 9,737 9, 785 18,028 
For chemical ujune s 10,101 12,478 10,993 
Total refinery butane and/or butylene 19, 888 22,268 24,016 
Total EE demand.....................- 57,159 62,327 17,488 
Butane-propane 
Production: 
At gas processing planta «41 15,433 12,367 6,711 


See footnotes at end of table. 
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Table 30.—Salient statistics of the major refined petroleum products in the 


United States—Continued 


(Thousand barrels) 


Product 1967 1968 1969 » 
Butane-propane mixture Continued 
Production—Continued 
At refineries: 
For fel fee see ele 3,758 4,671 5,102 
For chemical use. ............................- 7,022 6,494 6,289 
Total production at refineries. _..........----- 10,775 11,165 11,391 
Total production. 222 eee 26,208 28 , 532 18,102 
Stocks end of year: — 
Plant butane-propane mixture: 
Ee ege ees 413 528 240 
At refineries... ------------------------------- 53 12 91 
Total plant butane-propane mixture stocks 466 540 931 
Refinery butane-propane mixture: 
For fuel Mee ee ee ll. epa ; 159 842 251 
For chemical ugse l.l... 3 | Nom 
Total refinery butane-propane mixture stocks 159 848 251 
Total stocks___.....-..--.------------------ 625 883 5 
e e P! 6, 566 6,882 7,299 
Plant butane-propane mixture used at refineries. .......... 2,483 2,527 8,013 
Domestic demand: 
Plant butane-propane mixture 6,469 3,357 285 
Refinery butane-propane mixture: 
For er ⁵ðV—‚/ u. Ee RESQUE DS 8,655 4,488 4,538 
For chemical use.. ess 1,022 6,020 3,268 
Total refinery butane-propane mixture 10,677 10,508 7,806 
Total domestic demand... 17,146 13,865 8,091 
Isobutane: — 
Production: 
At gas processing plant 29,198 29, 780 26,902 
At rëefinemeS ⁵ ]² ſſ.«?[dV AE d ue See eeu a 1,345 1,115 „706 
Total production. .--.---------------------------- 80,538 80,895 28,608 
Stocks end of year: DS 
Plant isobutane: 
At plants... ß e eus 5,036 7,736 6, 854 
Anne O LISO cues eee sie E iar ut 205 273 206 
Total plant isobutane stock 5,241 8,009 7,060 
Refinery isobutane__...._...-..-------------------- 42 32 17 
Total stocks EE 5 , 283 8,041 7,077 
Plant isobutane used at refnerien. -.-------------------- 28, 566 27,012 21,851 
Domestic demand: Refinery isobutane for chemical use 1,347 1,125 1,721 
Kerosine (including range oil): 
Production: 
Aenne, eee se s c Eri 99,061 100,545 101,788 
At gas processing plants „ ,298 1,027 ,121 
Total production -- =- tiedet dee d REDE Ed eÉS . 100,354 101,572 102,859 
Stocks end of year: 
At refineries: tem, amo 25,008 23,190 26,531 
AL lan sU 3 858 290 249 
Total stocks. 25,366 23,480 26, 780 
I 2222-446 ue Dad qasa de ota De 3 190 965 
MK DOR CS 25 a hs cee Ss che ß a 156 613 156 
Domestic demand 100,078 102,934 100,368 
Distillate fuel oil: m 
Production: 
At refineries. ere en ek eee eed dE 804 , 429 839 ,373 846,863 
At gas processing plants___.....-..---.---------.--- 359 ,908 „541 
Total production. ____ 2-2. Lll 222. -- 804, 788 840, 681 848, 404 
Crude used directly as distillat e 730 712 654 


See footnotes at end of table. 
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Table 80.—Salient statistics of the major refined petroleum products in the 
United States—Continued 


(Thousand barrels) 
Product 1967 1968 1969 p 
Distillate fuel oil—Continued 
Stocks end of year: 
ÜreüherleB..— ooi ec ß ceuss eos 159, 674 173, 093 171, 664 
lr AH 65 
e EE 159,708 173,158 171,714 
ie E EH ñ ß N EEA 18,492 48, 148 50,883 
Exports cc 22222 e e a Tn 4,269 1,547 1,281 
Domestic demand... ~~~ ee 818,150 874, 589 900, 104 
Residual fuel oil: 
Falle 8 275, 956 275, 814 265, 906 
Crude used directly as residualkkOk?0k“L“ i : ; 
Stocks end of yeaaæ n 65,597 67,369 60, 395 
hh ³o / 895,939 409,928 461,611 
CC! ͤ (-A: 88 21,940 20,013 , 
Domestic demand. ........................ 2 LLL Lll l.l. 651, 885 668,239 721,922 
Petrochemical feedstocks (excluding LRG): ! 
Fa oe oe Se u culo uu cuiu 87,428 95,422 98,356 
Stocks end of year 8,254 2,945 2,845 
Imports: Naphtha — 400° API.....................-..- 28004 40 
Exporis; ; y m coe oe 2,995 2,795 9,849 
— . B. . ...' —— . —— ↄęͤmͤ H— —— r 
Domestic demand: 
"up o xd" 9,532 9,844 9,985 
Naphtha — 400° API............................- 50, 349 55, 618 57, 569 
8 ⁰]˙ꝝn˙n... ð K ⁰⁰ʒdʒ iL 2 usss 24,0 27,474 21,093 
Total domestic demand. ................ 83,935 92,936 94,647 
Special naphthas: 
Production: 
Aenne . ..... .. . es 26,912 27,648 28,897 
At gas processing plants.. 51 473 492 
Total production_______ 2L LL LLL LLL. cll 26,963 28,116 28,889 
— Y M 
Stocks end of year: 
A ſhßlrm O. Leda. alb scite 5,742 5,816 6,281 
AUDIAMBIS l nou sS ⁰⁰ydyt y LL 6 13 11 
Total stock 5,748 5,829 6,292 
E e EET 875 1,899 3,191 
Exports p aE 1.976 2, 427 2,018 
Domestic demand. LL LL LL LL .lll- 25,208 27, 007 29,599 
Lubricants: 
FFP a 64, 870 65, 684 65,080 
Stocks end of ear 14,774 14,028 14,088 
TMD ux 6 doc dil eal Susa ee 40 88 163 
— . K . ¿— Ə———>—— 
Exports: 
Grease 357 298 271 
4 ⁵%ðV A md k ß 8 18,888 17,708 16,166 
Total epos . E 18,695 18,001 16,437 
Domestic demand. .................... LL Lll lll 22 ll 222 44,123 48,467 48,741 
Wax (1 bbl = 280 lb.): 
Paneele 5,719 5, 887 6,862 
Stocks end of year r 1,045 1,001 997 
ImDORu EE 17 158 
Exports. =Z — ——I— T 1 ; 687 1 , 588 1, 621 
Domestic demand.. J. -a 2000au 3,868 4,360 4,908 
Coke (5 bbl = 1 short ton): 
Production: 
Marketable ceoke 00aaaaoaaaanaMaMMMMMMMMMMMM 42,944 46,823 52,006 
Catalyst cocſsg e 47,989 49,367 60,862 
Total production._._............--_-----------.-- 90,933 95,190 102,868 
Stocks end of vearhzhkh t 6,821 6,195 ,198 
Exports... 2 2777... : 16,279 19,497 23,080 
gg: deme pum DENM 5 MEO 75,130 76,819 80,885 
Asphalt (5. short ton 
E Production 127,767 185,460 135,691 
Stocks end of year 19,939 20,055 16,758 
n, p aia a aoui eaae i 6,286 4,161 
FF ³ðV—K (rt u oe eee see 459 429 463 
Domestic demand... 131,125 141,151 143,291 


See footnotes at end of table. 
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Table 30.—Salient statistics of the major refined petroleum products in the 


United States—Continued 


(Thousand barrels) 
Product 1967 1968 1969 p 
Road oil: 
Production: i ß ß E D 6,978 6,826 9,086 
Stocks end of year__.._-..--.--.-------------~--------- 804 550 880 
Domestic demand_......_..--..-.-.-------------------- 7,093 7,080 8,756 
Still gas for fuel: Production. ---.------------------------ 140,034 149,796 160,368 
Miscellaneous products: 
Production: 
E ͥ ul. ͥ L LT Ol tine Pr us 14,919 15,711 17,139 
At gas processing plants 1,566 3,385 805 
Total production -.------------------------------ 16,485 19,096 17,944 
Stocks end of year: | 
At refineries. |... 2. LLL LLL LLL LLL LLL LLL cllc... 1,703 1,981 2,345 
rr ⁰⁰ 48 25 19 
e] Be ce 1,751 1,956 2,364 
77% te OM 903 1,049 919 
Domestic demand... „ çq ͤ ²“9nꝑẽ 15, 995 17,842 16,617 
Unfinished oils (net): 
Input (+) or output (—)----- Les ces +34 ,237 ＋26, 152 +88 , 588 
Stocks end of vear U M 90,201 98,399 97,819 
TIA POPS 2. eee cue 35,225 29,850 88,008 


» Preliminary. 


1 Produced at petroleum refineries. Data for LRG for petrochemical feedstocks are included with those 


for “Liquefied gases.“ 


Note: Stocks at refineries” include stocks at refineries and bulk terminals operated by refining and refined 
products pipeline companies, including pipeline fill. “Stocks at plants" include stocks at plants and terminals 
operated by natural 1 processing companies and natural gas liquids stocks at terminals of pipeline companies, 


including pipeline fi 
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968.09 299,9 92279 869,99 290,99 FT 99 113.29 0249/29 812,09 881.19 086,69 286, % ũꝶ/ũ¶ů᷑ũ8% B le Ind [enprsey 
FIL. LL 696,002 986,203 899,261 919.881 180,621 09,281 236,011 9388.66 89996 999 901 609,01 [ro [any annsa 
098, 92 627.62 18908 901.08 981.68 682/16 188,98 686,18 088/08 60681 989,81 ggep ^7" Z UU 9U]8019 
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Table 32.—Input and output of petroleum products at refineries in the United States 
(Thousand barrels) 


1965 1966 1967 1968 1969 p 
INPUT 
Crude petroleum: 
Domestie 2,847,821 3,000,789 3,174,004 3,308,044 3, 364, 360 
C ·˙·¹wAA ⁰ͤůAA ER 453, 021 446, 404 408,590 1 466,316 1515, 738 
Total crude petroleum 8,300,842 3,447,193 3,582,594 3,774,860 3,880,098 
Unfinished oils rerun (net 82,111 34,632 84,237 26,152 33, 588 


Total crude and unfinished oils rerun... 3,332,958 8,481,825 3,616,831 3,800,512 3,918,686 
Natural gas liquids: d MEME C EDD een 


Liquefied petroleum gases 67,419 68,403 68, 675 72,652 72,764 
Natural easoline _------------------ 129, 552 133,484 138, 521 148,132 157,492 
Plant condensate................ 2... .- 28 , 705 33,693 87,524 38,552 34,332 
Total natural gas liquids. sss 225, 676 235, 580 244, 720 259, 336 264, 588 
Other hydrocarbons and hydrogen 13 30 87 3,977 4,213 
OUTPUT 
Gasoline: 
Motor gasoline 332. 1,645,172 1,742,456 1,801,448 1,902,264 1,995,947 
Aviation gasoline... ..................- 48 , 569 41,244 37,074 31,563 26,460 
Total gasoline 32. 1,693,741 1,788,700 1,838,522 1,933,827 2,022,407 
Jet fuel: 
Naphtha-type .. 82,416 89 ,473 109 ,650 121,165 104,748 
Kerosine- typen 108,639 125,973 163,535 193,486 216,952 
Total jet fuel ³ 333... 191,055 215,446 273,185 314,651 321,700 
Ethane (including ethylene). .. ............. (4) (4) 7,028 9,446 9,159 
Liquefied refinery gas: 
For fuel use 56, 125 60, 090 67, 589 71,102 75, 659 
For chemical use 50,711 46,128 36,900 87,539 88,703 
Total liquefied refinery gas 106,836 106,218 104,489 108,641 114,362 
Kerosine cour RES ecE nS ue 93,149 100,849 99,061 100,545 101,738 
Distillate fuel oil . 765,071 784, 717 804, 429 839,378 846, 863 
Residual fuel ol  -_ Lee 268, 567 263,961 215,956 215,814 265,906 
Petrochemical feedstocks: 
Sir; usss DES EE 8,926 10,068 9,500 9,844 9,985 
Naphtha — 400° ___ ee ee 24,511 38,446 50,578 55,077 57,389 
Other... n un 8 24,414 25,939 27,355 30,501 30,982 
Total petrochemical feedstocks . 57,851 74,453 87,428 95,422 98,356 
Special naphthas 3333 28,734 29, 634 26,912 27,643 28,3897 
BIN et eso oue 62,925 65,407 64,870 65,684 65,080 
Wa8XS. c rc Lea . eh ee E 5,456 5,772 5,719 5,887 6,362 
Coke EE 86,040 88,054 90,93 95,190 102,868 
r . E 123, 604 129, 579 127,767 135, 460 135,691 
Road Oll uuu . ir a e a 6,565 7,247 6,978 6,826 9,086 
Still gas for fuel________ 2. Llc ccc s --.- 135,295 135,459 140,034 149,796 160, 363 
Miscellaneous 33332 13,994 16,474 14,919 15,711 17,139 
Processing gain ( —) or loss () —80,241 —89, 535  Á —106,592  Á—116,691  —122,990 


p Preliminary. 

1 Includes some Athabasca hydrocarbons. i . 

? Benzol included for 1965-67 only. “Other hydrocarbons and hydrogen" is defined as including ali hydrogen, 
process natural gas, tar sand bitumen, gilsonite, shale oil, and other naturally occurring hydrocarbon mixtures 
consumed as raw materials in the production of finished products. 

S ER at natural gasoline plants shown as direct transfers and omitted from input and output at 
refineries. 

4 Included with liquefied refinery gases. 

5 Conversion factors: 280 pounds of wax to the barrel; 5.0 barrels of coke to the short ton; 5.5 barrels of 
asphalt to the short ton. 
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Table 33.—Percentage yields of refined petroleum products from crude oil in the 
United States 1 


Finished products 1965 1966 1967 1968 1969 p 
Gasolihe....-.:.:2l.224b262-depE Sede eie im 44.0 44.4 44.0 43.9 44.8 
,,. 5.7 6.2 7. 5 8.8 8.2 
Ethane (including ethylene)dʒ (2) (2) (2) (2) .2 
Liquefied gases 3.2 3.0 8.1 3.1 2.9 
, . ce see eee eee a. 2.8 2.9 2.7 2.1 2.6 
Distillate fuel ol... 2 ee eee ee 22.9 22.5 22.2 22.1 21.7 
Residual fuel oil...............................- 8.1 1.6 7.7 7.2 6.8 
Petrochemical feed stocks 1.7 2.1 2.4 2. 5 2.5 
Special naphthas. ss .9 .9 .8 T A 
Fü ²³ a E 1.9 1. 8 1.8 1.7 1.7 

BR. ZL pas upp x ee ue .2 .2 2 2 .2 
)))Jöð “ ““““.!. d 8 2. 5 2. 5 2.5 2. 5 2. 6 
F ³⁰˙ bPi eed E ere 8.7 3.8 3.5 3.6 3.5 
Road fh y b tede Lr uet .2 .2 .2 .1 .2 
EE 4.1 8.9 3.9 4.0 4.1 
Miscellaneous 5 5 4 4 . 4 
Sell ⁵ eee ee —2.4 —2.5 —2.9 —8.0 —3.1 

eebe ee 100.0 100.0 100.0 100.0 100.0 


p Preliminary. 
1 Other unfinished oils added to crude in computing yields. 
? Included with liquefied gases. 
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864 
Item 
INPUT 1968 
Crude petroleum: 
DEE 
Foren Ae 


Total crude petroleum 
Unfinished oils rerun (net) 


Total crude and unfinished oils rerun.. 


Natural gas liquids: 
Liquefied petroleum gases 
Natural gasoline....................... 
Plant cond ensa tee 


Total natural gas liquids. s 
Other hydrocarbons 


ouTPUT 1968 
Gasoline: 
Motor gasoline 49 
Aviation geaacolne -.------------------ 


Total gasoline?....................-- 


Jet fuel: 
Naphtha-type : 
Kerosine- type 


Total jet fuel 
Ethane (including ethylene) DEMON IRE S 


Liquefied gases (including ethane): 
LRG for fuel use ------------- 
LRG for chemical use -------- 


Total liquefied gases 
Kerosine §;O A ⁰Ü¹ K 
Distillate fuel oil 4))))) 2... 
Residual fuel oil 


Petrochemical feedstocks: 
Still gas 


Total petrochemical feedstocks _ _ __ 
Special naphthas ? 


Lubricants: 
Bright stock 


ax: I 
Microcrystalline......................- 
Da i Sas AAA 


Miscellaneous products S eee te 
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Table 35.—Input and output at refineries 


PAD district I 
East Appa- 
Coast hian Total 
No. 1 

193,388 24,942 218,330 
237,376 21,370 258,746 
430,764 46,312 477,076 
; „406 43,794 
473,152 47,718 520,870 
2,031 53 2,084 
2,385 8 2,393 
956 21 977 
5,372 82 5,454 
213,140 18,134 231,274 
, 238 10 ,248 
18,144 232,522 
7,078 838 7,916 
11,418 520 11,944 
18,490 1,364 19,860 
11,307 808 12,175 
4,314 38 352 
15, 621 900 16, 527 
11,669 1,327 12, 996 
120,821 11,759 132, 580 
36,129 4, 700 40, 829 
1.55 1, 505 
3,918 ...... 3,918 
1,152 464 1,616 
5,975 404 6,430 
1,044 354 1,398 
501 1,266 1,767 
2,233 1,845 4,078 
3,715 700 4,475 
6,449 3,871 10, 320 
298 233 531 
1,042 41 1,083 
66 231 897 
2,006 505 2,511 
12,766 147 12,913 
27,478 1,700 29,238 
3 621 621 
18,442 1,811 20, 253 
1,597 109 1,706 
—14, 347 — 42 zd: 389 


(Thousand 
PAD district II 
Appa- Ind, Minn, Okla. 
lachian Ill. Wis., Kans., Total 
No. 2 etc. etc. etc. 
20,873 634,359 25,242 324,009 1,004,483 
834 135,193 42,308 59 178,394 
21,707 669,552 67,550 324,068 1,082,877 
506 — 1,625 79 — 806 — 1,846 
22,213 667,927 67,629 32.,262 1,081,031 
106 9,342 2,671 8,773 20,892 
15 12,305 258 11,113 23,691 
dod 183 436 ....... 619 
121 21,830 3,365 19, 886 45,202 
NUMEN ET FR 140 140 
11,732 360,036 37,119 186,046 594, 933 
E : 409; e 830 ; 
214,378 ; 11,732 302,739 37,119 186,876 598,460 
6 10,213 978 8,061 19,858 
29 27,658 165 11,402 39,254 
35 37,871 1,143 20,003 50,112 
339 10,342 1,241 9,330 21,252 
8 2,0477 744 2, 791 
339 12,389 1,241 10, 074 24, 043 
809 17,691 2,638 4, 976 26,114 
4,528 135, 746 16,780 76, 681 233, 735 
1,807 42,503 5, 930 „7 i 
338 1, 370 146 21 1,537 
88 4,13 ...... 1,861 5,974 
3 2,370 ...... 609 2,985 
Lori 7,859 146 2,401 10,496 
307 3,001 ...... 1,801 ,849 
REN 613 ...... 854 1,407 
250 4,092 ...... 3,434 7,776 
te 1,218 ...... 1,364 2,582 
250 5,923 ` 5,652 11,825 
NN . 249 286 
30 242 ...... 263 535 
23 134 ...... 63 220 
53 413 ...... 575 1,041 
88 18,531 2,901 8, 441 29,961 
1,823 31,105 2,674 13,697 49,299 
3 1,276 212 932 2,420 
954 3016 2,188 12, 204 45,507 
8 1,427 122 1,232 2,789 
— 489 — 19, 588 — 2,100 Ag 157 — 30, 334 


See footnotes at end of table. 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 865 
in the United States by districts 
barrels) 
PAD district III PAD PAD 
district IV district V 
Texas Texas La. Ark., La., New Other West United 
Inland Gulf Gulf Inland Mex. Total Rocky Coast States 
etc. Mt. 
135,372 861,995 444, 472 51,123 13,411 1,506,373 124,008 454,850 3, 308, 044 
iue d aap asa (48 MERECE 748 9,867 118,561 1 466,316 
135,372 861,995 445,220 51,123 13,411 1,507,121 133, 875 573,411 3,774, 360 
—b510 . —17,412 —7,407 405 — 22 — 24,946 — 295 , 445 26,152 ` 
134,862 844,583 437,813 51,528 13,389 1,482,175 133,580 582,856 8,800, 512 
8,091 19, 202 9,940 1,138 539 38,910 2,944 | 7,822 72,052 
14,381 68,115 19,551 1,076 542 103, 665 2,189 16, 194 148, 182 
56 30, 831 1, 967 3 iim. 35,955 350 651 38, 552 
22,528 118,148 31,458 5,315 1,081 178,530 5,483 24, 667 259, 336 
3 221 ö; uuo Bie Ee 784 166 2,287 377 
84, 035 414, 435 212, 266 24, 016 8,030 742, 782 68, 612 264, 663 1, 902, 264 
2,596 10,296 S s uu. uz Susa te a 616 7,386 31, 
86,631 424,731 218, 154 24,016 8,030 761, 562 69, 228 272,049 1,933, 827 
10, 233 31,553 14,305 1,683 1,586 59,360 3,537 30, 494 121,165 
9,201 33,133 40,253 692 88, 656 3, 578 „054 193, 486 
19, 434 64, 686 60, 558 1,752 1,586 148,016 7,115 80,548 314,651 
103 6, 342 7711 E E S P 788 : 
8,104 13,619 8,836 1,320 287 27,166 1,971 8,538 71,102 
282 19,572 6,801 185 _. ᷣͤ 26,840 12 8,544 37, 539 
3, 386 33, 191 15,037 1,505 287 54,006 1,983 12,082 108,641 
1,504 38,716 17,137 1,037 122 59,116 1,029 090 100,545 
22,840 229, 489 102, 053 12, 258 2,351 368, 991 32,138 71,929 839,373 
4,502 41,336 11,453 ,282 382 60,015 10,765 108, 155 275,814 
— ——— € )ö·Ü ðꝛ˙²àiſ dE, E 5,986 134 682 9,844 
1,566 37,863 1,740 112. ossi 41,881  .......... 3,904 55,077 
, 628 8,495 12,493 311 188 24,115 355 1,430 30, 501 
4,194 52,344 14,233 1,023 188 71,982 489 6,016 95,422 
980 14, 427 568 89 16,834 144 ,418 ,043 
3 1, 589 S000 ee 2, 179 45 350 5, 808 
e 9,272 5, 634 5200 15, 426 257 1,365 28, 902 
156 17,355 1,172 1.472. 1. 8 20,155 55 3,707 30,974 
156 28, 216 7,396 1,992 .......... 37, 760 357 5,422 65, 684 
80 235 00 ee, e Bette 8 381 111 1,209 
3 579 S %/·́ mew mE 885 60 247 2,810 
MPH 424 7 TUMOR augu UON, 508 18 225 1,808 
80 1,238 bb eebe ᷣ 1,774 89 472 5,887 
2,289 17,351 10,858 2,147 192 32,837 3,272 10,207 95,190 
6,285 7,094 9,782 6,349 684 „794 7,086 18, 443 135, 460 
52 öÜ%Öũ é ĩͤ culices t 164 2,033 1,588 6,826 
4,883 29,914 13,770 2,335 569 51,471 4, 699 27, 866 149, 796 
1, 140 5,279 JJ 7,543 53 3, 620 15,711 
—1, 126 — 32, 114 — 15,554 — 1,319 +79 — 50, 034 — 2,451 —19,483 — 116, 691 


866 


Item 


INPUT 1969 p 
Crude petroleum: 
RE 
Forte ö„l„„„ C 


Total crude petroleum 
Unfinished oils rerun (net) 


Total crude and unfinished oils rerun.. 


Natural gas liquids: 
Liquefied petroleum gases 
Natural gasoline......................- 
Plant eopdengaie 


Total natural gas liquids. `. 
Other hedrocarbong ------------------- 


OUTPUT 1969 p 
Gasoline: 
Motor gasoline LL... 
Aviation gasoline.. -.------------------ 


Total gasoline2_________ 


Jet fuel: 
Naphtha-type?_......-..-_..---------- 
Kerosine-type........----.-.----.----- 


Total jet fuel 28. 
Ethane (including ethylene). ............... 


Liquefied gases (including ethane): 
LRG for fuel use --------------------- 


LRG for chemical uses 


Total liquefied gases 
Keie 8 
Distillate fuel oil 3232222. 
Residu! fuel oil... 


Still EEN 
);» LLL 


Total petrochemical feed stocks. 
Special naphthas 22222 
Lubricants: 

Bright kk onm uoa 
Neutral... eege ener re 


Wax: 

Microcrystalline...._._.___.._._--.-_-- 

Pally refined 
t 


Ro 

Still dn e rf ð tes é 
Miscellaneous products ꝛ2½2 . 
Processing gain (—) or loss ()) 


p Preliminary. 
Includes some Athabasca hydrocarbons. 


2 Production at gas processing plants shown as direct transfers and omitted from the input and output at refineries. 
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Table 35.—Input and output at refineries 


PAD district I 
East Appa- 
Coast lachian Total 
No. 1 

182,178 23,122 205,300 
247,029 26,286 273, 315 
429,207 49,408 478,615 
64,085 1,268 65,353 
493,292 50,676 543,968 
2,449 9 2,458 
1,867 4 1,871 
801 23 824 
5,117 36 5,153 
350 ...... 350 
231,200 20,510 251,710 
83 ...... 831 
232,031 20,510 252,541 
5,104 722 5,826 
11,716 573 12,289 
16,820 1,295 18,115 
12,021 889 12,910 
4,720 ...... 4,720 
16,741 889 17,630 
12,180 1,198 13,378 
124,465 12,342 136, 807 
37,703 4,554 42, 257 
1,490 ...... 1,490 
2.524. e 2,523 
860 557 1,417 
4,873 557 5,430 
734 372 1,106 
275 1,202 1,477 
2,261 1,904 4,165 
4,143 764 4,907 
6,079 3,870 10,549 
331 252 583 
1,037 44 1,081 
657 280 937 
2,025 576 2,601 
13,429 147 13,576 
27,294 1,676 28,970 
EEN 585 585 
18,612 2,013 20,625 
1,785 155 1,940 
— 16,612 — 27 — 16, 639 


App 
lachian 
No. 2 


22,711 
100 


22,811 
203 


23,014 


PAD district II 


Ind., 
III. 
etc. 


643,645 


1 38,093 


681,738 
—2,228 


679,510 


8,773 
9,873 
291 


18,937 


370, 221 
8 


372, 309 


7,234 
30, 144 


37,378 


10,528 
2,552 


13,080 
17,078 
135, 896 
43, 205 


Minn., 
Wis., 
etc. 


23, 309 
49,120 


72,429 
— 10 


12,419 


Okla. 
Kans., 
etc. 


(Thousand 


Total 


322,552 1,012,217 


143 


1 87,456 


322,695 1 099, 673 
68 


1,167 
323, 862 


9,390 
11, 569 


20, 959 
215 


188,928 
655 


189, 583 
9,272 
10,555 
19, 827 
122 


—311 —21,927 —2,078 —10, 205 


l, 098, 805 


21,193 


22,171 
704 


41,068 
215 


610,807 
2,743 


613,550 


17,534 
42,185 


59,719 
122 


= 34, 521 


3 Conversion factors: 280 pounds of wax to the barrel; 5.0 barrels of coke to the short ton; 5.5 barrels of asphalt to the short ton. 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 867 
in the United States, by districts—Continued 
barrels) 
PAD district III PAD PAD 
district IV district V 
Texas Texas La. Ark., La., New Other West United 
Inland Gulf Gulf Inland Mex. Total Rocky Coast States 
etc. Mt. 
141,656 878, 486 469, 150 52,675 14,209 1,556,176 128,039 462,628 3, 364, 360 
JJ ĩ Vise ud DE FTT 12 12, 605 142, 350 1 515,738 
141, 656 878,486 469, 162 52,075 14, 209 1,556,188 140, 644 604,978 3, 880, 098 
— 713 — 30, — 6, 856 1,237 —6 — 37,038 379 „762 33, 588 
140, 943 847, 786 462, 306 53,912 14, 203 1,519,150 141,023 610,740 3,913, 686 
7,870 19, 435 9, 362 1,017 538 38,222 3,539 7,952 72,764 
14, 459 79,212 20, 954 843 605 116,073 1,974 15, 403 157, 492 
28 26, 554 2,439 2,987 o 32,008 271 525 34,332 
22,357 125, 201 32,755 4,847 1,143 186, 303 5,784 23,280 204, 588 
8 178 480 uomen. E 658 203 2,787 4,213 
87,015 436,493 226,029 25,562 8,244 784,943 72,545 275,942 1,995,947 
2,415 : 6, 0 0 ———A— 508 5, 994 26, 46 
90, 030 444, 256 232, 235 26, 562 8,244 801, 327 73,053 281,930 2,022,407 
9,290 21,765 15,091 1,573 1,741 49,460 3,775 28, 153 104,748 
9,639 45, 987 45,200 .......... 50 100, 942 4,260 56,916 210,952 
18, 929 67, 752 60,357 1,573 1,791 150, 402 8,395 85, 069 321, 700 
132 5, 512 SC, eier, ët 8,3989  .......... 648 i 
3,096 14,672 11,729 1,085 333 30,915 1,925 8,881 75,659 
292 20,774 6,821 185 .........- 28,072 23 2,520 38,703 
3,388 35,446 18,550 1,270 333 58,987 1,948 11,401 114,362 
1,428 41,710 16,548 1,419 142 61,247 1,991 1,152 101,738 
24,365 213,500 108, 334 12,807 2,046 361,712 34,318 77, 090 846, 863 
4, 304 36, 053 11, 169 2, 606 330 54, 462 10, 183 102, 258 265, 906 
355 6, 308 TFT 6,315 146 687 9, 985 
1,627 40,596 2,307 13 44,723  ........-- 4,793 57,389 
2,975 6,094 13,883 249 106 23,307 305 2,032 80,982 
4,602 52,998 16,197 442 106 745, 345 451 8,112 98,356 
1,006 15,572 510 950 .......-.- 18,044 146 3, 602 28, 397 
3 1,664 O40). 2: S luu EE 2,304 27 1,058 6,169 
S 8, 484 5, 927 TT 14, 928 237 1,869 28, 595 
156 16,951 1,024 1,4396... é 19,567 02 2,052 30,316 
156 27,099 7,591 o . 36,799 326 5,579 65, 080 
92 203 0d Gebuert, 3 389 D. o::z- 1,277 
dolos. 539 I 8 980 51 242 2, 852 
Eege 494 yo wer 865 24 215 2,283 
92 1,236 906 Mec 2,234 81 457 6,362 
2,355 17,598 12,874 2,208 148 35,183 2,960 21,202 102, 868 
6,577 8,192 9,338 6,164 813 31,084 7,943 18,799 135, 691 
106 84 J. Xu w a e ĩ⁊ͤ m ĩͤ lees 190 1,978 1,879 9,086 
5,561 34, 562 15, 930 2,443 566 59,062 4,499 28,372 160, 363 
971 6,468 1,353 NN 8,819 3,591 17, 139 
—702 — 34,933 — 19, 096 — 1,671 +227 — 56,175 — 1,315 — 14,340 — 122, 990 
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CRUDE PETROLEUM AND PETROLEUM PRODUCTS 


‘AIBUUU IId d 

SE y EE 
69P'ZVO'Z 909'PLI 019891 OFZ'LLE L6G'OLT 886581 698 881 SZI'SLI 009'LLT 129'891 308 691 181971 97 SST " ^ puBulep onsətuop [930 
JJC ĩ ðVõãð iI uU UL 2 2 2 ( 
06» ‘SZ LI9‘T s 8,1 210.2 916,1 ges 209,2 985.3 088.2 009.2 209.7 OI I 686. 1 3 Toney 
6L6'9T0'Z 996'ZLI LEL‘I9T 8ez‘SLI T80'69T 072 881 L98°98T 189'0LT 028 921 521 991 003291 TA49'8PT 9FF' 991 Hose3 10,0, 

:puswWep 9r3189U10(q 
939 8 02 221 zL 907 193 19 961 088 991 yy OTI . ~s}odxe [930], 
208 l 812 86 022 L08 601 881 SSI 593 981 yc 86 $8 -------------əupjose3 uoe y 
611 29 v8 29 86 291 89 SL 91T 1Z 02 St eo ouyose3 103014 

:gy1od xz 

"—-—-—————Á——————————————————»'Áe''^Á—————————————————————!——— 
603,72 9IL'I — v6L'l 581.1 met 716.1 980.2 mert 296,1 eet 889Z met eg, eugose3 3 
868 LIE 268 212 298 803 980961 293 6T 518 681 920861 808 103 279 203 189912 261 6282 099 288 rop FILZ $9038 [BIOL 
c c VVT 
808 808 812 192 018 692 812 992 882 89 602 vd v82 "syuv[d 3ujsseoo1d ee? Time 


4B $9038 Əutloss23 10130 N 


MINERALS YEARBOOK, 1969 


870 


— ` ep = — — — 


TT OXIX9JN MAN 
7939 *pus[u €eusisIno'T 'sesugx1y 


TUNES E $ pue[u[ sexo, 
PARTERS 238 “sesue3 ‘SWOYLJJO 
ice 239 'uISuoostA 'e30sauutJA 
7939 'AxXon3ue 'stourqi  *eugerpu 
bia LE e Z ‘ON uerqos[eddy 
8 I ‘ON uxquoꝝj add 
o 38807) ISLA 
:Sjue|d 3urssəooid 
sed q peonpoud eut[ose3 4030 N 


— 5 5 8 lÉgkkg, Y  ç£NK=£$IŠIPIÉIIO!PI4II£I€ŠçI⁄II€£ KM ÉI£9 AŠ  I4AI%IÉI IA IuI€IIŠI 'bſ.— '. -.·- .8tT1:ü..!:᷑i1.:.ͤͥĩ jꝗH .. — i——— . '. . .... ——..ĩ.—..u.. ðxvé..—. f-.:..;:v . — — b.. .,?œo...ʒð;vy Ed 
—— . .. ... F᷑ ...k..⁊ x. —ʃñ k T—?T—ſ...;5⸗⁊. ĩ¼..—..ñ] ðꝛa«⁊—ꝛ:ͥ—.kꝛ ᷑ ꝝ᷑½e᷑ ͤ—•m‚—k——̃— —ʒmü̃ ——ʒ j ä—jͤ᷑—ͤ:-i—“ — — — — — — . .. . — — . ——— 


09 95 501 2 88 2 958 8 9032 OC: 159 898? OR 38002 869 8 1991 JJ) 71830, 
Mee n e P e. r Lu. CEU l a Lu i l Leones 

¥66'S 939 899 559 997 299 ¿LY 3885 899 898 929 88 F.. sa EE 328800 1SƏAA 
80S 66 SP 96 LAS 88 89 88 TY 9 8f 18 SV. utezuno M AM OON 
qun ME dE ici cca S ME dM tg Goede Ec dac ee SEENEN O9IXOJA MIN 
PRIME (ͥ. dpd“ ac pre v pe cale P p p ß Er E èͤ TIL 79038 '*pus[u] eueisino'T 'sesugx1yv 
902'9 999 Lët 167 617 66S 699 969 L09 567 969 988 808 ./— ^" -77485800 And €ugIsIno'T 
£9L'L LLS 999 129 LL9 89L 8r6 688 03L 889 929 OS Ce -AATE 8 38907) JInD sexə,, 
917 ˙2 601 906 692 ELS 861 LIZ 90 IA 692 y 881 EE EE "` pugur sexa L 
999 LY 657 LY IS 67 29 IS 09 19 58 LE Ch 939 ‘sesuBy vun 
SS eae ee == 077090007 070707000 007777000 0707007000 00007007 000007777 0700070707 070077777 07077777. 9 ‘Ursu osm “eqsosəuut]W 
880'2 561 666 682 POS PZ 991 88 88 181 818 eL LLI 07a ‘AON UayY “stoutl[I *euerpug 
Rae mccum Cremer, HEIN. ee F tise, En Le E ee EE Ee SEENEN Z ON uviyoejeddy 
CC cc dcc CMM MB MM eye D MM MM e EDUC EON I ‘ON usiqoe[edd y 
188 vg 0G 611 19 eG 0G 99 29 98 101 88 ch SEENEN 328800 ISEA 


:sSəLIƏuUƏ9: 3? Əut[ose3 UOIQBIAY 


L¥6‘S66'T ILP‘GLI 6SS'ZLT 108 PLT O9F'ILT 9L9'9),1 189771 813891 698'P9T 088 181 129091 opt opt go Lët 77777777T  qeoL 
MA 2 M DM EIR a m M nu EE cs i cC 

256.918 669'ez 98152 917.52 810.93 452.93 808,98 Top 18  690'82  vGS'O02 330,18 886.08 98 0 ^ "7" 18800) 359M 
GPS ‘SL 218˙9 909'9 08e8'9 (AAR: 198 9 859 a 5669 2527 8 807 ˙9 28.9 029 S BUD Q TE urejunoJA. A390o41 
PRS 8 (4 2 569 989 869 929 STL TEL 08; 619 68L L6S | ERE Du, P ooIXoJA MƏN 
299 ' 96 9184 GAS 905 * 1822 805 2 9685 91175 ele SI's 611.2 920 2 819 I Moe puxlul sustsIno'1 *sesuex1y 
620 ‘923 909.038 308.08 812,61 Ster 999,81 SLT. 6I IIC SI 21Tz, 21 028,91 888 8T 289, LT 197.6006 35800 JMD €USISIno'T 
865 987 189 68 568 1 083.88 OFL'LE 288 68 688 88 FL 9s 400, € THT 28 780,88 898 I6 60 SGG bb 485800 JND sexaL 
91928 588 689. 0g» ‘2 086'L 929.2 219.2 868 1 ler 086 9 SN 889 9 069 9 — or U pue[u[ sexa 
826 '88T 896191 88.91 GPI'LIT  LS0'9T 278.91 888.91 009,91 128,91 900,1 GLH ST LIT YI 932,11! 938 ‘sesuey *eurouepro 
229 68 qz, 8 ovo € 08 € 088 € 198.8 898 8 3178 1782 6682 3078 GN: 88 e — 939 *ursuoostAA *e3oseuurjA 
Tec OLE 659 88 5568 Is 781.326 588. Is 9F9'Z8 219 18 068 0s 209 06 978.82 8020s 297 25 63 De 'AxonjueM sou! “Buerpuy 
980,21 SEIL CO. T PII 190.1 580,1 286 LZS 866 550 T 580, TJ 956 2901çꝶ 777707707 3 ON uerqoe[edd v 
OTS 02 £96'T 868 I 856 I 889'T Log T 858 J 199 1 622. 1 58 I 89L'T 287 I 08ß5 | "777777 I "ON uetqoejedd y 
00z'lez — s$881'02  819'81 268 61 19 161 SgF'IZ 092'02 S69'6T 290˙61 282˙81 O88'ST  080'2T LIT Ihn 28200 28 

:SIIIIUYII 3? eut[ose3 10340 
bäi *oeq AON 400 "deg "ny Aine ant ANN udy I€JA "Oad "uer 


syjuou pur Stemm Áq aíGg9g[ ur ege PINUN sui ur sued Surssəooid se8 pue staut je əurƏose3 jo uorpnpoig—'/6 əlqe.L 


871 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 


"ÁI8UIUII[9Jq d 


880. 056, 1 956, 321 798291 199 991 861 Lët 808 OI 818 DÄI 818 891 969 091 200 “¿FI 18891 2Z99'LFI 298 691 — . 8961 
2918808 680 881 OLE LI TIT'LLT 763 ˙ i 699 621 162 EZ 1 910991 890291 163 591 998991 789 191 828 691 OOO eID 
* 2 VIS 887 59 6 91 695 68 18 69 165 Lët 3 EE 15204. 


872 MINERALS YEARBOOK, 1969 


Table 38.—Consumption, production and distribution of motor gasoline in 1969,1 
by PAD districts 


(Million barrels) 
I II 
Consumption’? ... ees cece uu uen 705.8 706.5 
Supply: 
Production? ses cece ce eee Soe ee ee 251.7 610.9 
Ie ee Gg 22.1 «I 
Received from other districts: 
P/ AAA 8 33.0 
e EE 9.0. 22222 
From III.. 439.3 81.0 
Brom ö mel quuseuds 4.0 
From ee, LES 
Total receipts from other districts. 448.3 124.0 
Total suppl. .. . 722.1 735.0 
Stock change... ee e e —.4 —.8 
Shipped to other districts. ................- 33.0 27.6 
EXDOrPUH ere, Josa .1 
Domestic demand 689.5 708.1 
Difference between consumption and demand. +16.3 —1.6 


PAD districts 


III 
262.9 


190.6 


IV 
59.1 


12.6 


V 
299.4 


215.9 
.5 


Total 
2,083.7 


2,001.7 
22.7 


1 Apparent distribution of motor gasoline by districts is based on pipeline, tidewater, and river shipments 
compiled by the Bureau of Mines, and railroad shipments between PAD districts I through IV and PAD 
district V, from records compiled by the San Francisco office of the Bureau of Mines. 

2 Compiled from data supplied by the American Petroleum Institute. 

3 Includes motor gasoline produced at natural gas processing plants and other hydrocarbons blended. 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 873 


Table 39.—Production (refinery output) and consumption of gasoline (excluding 
naphtha) in the United States, by States 


(Thousand barrels) 
1967 1968 1969 » 
State — —üä̈ — ————————— ————— 
Produc- Consump- Produc-  Consump- Produc- Consump- 
tion tion 1 tion tion 1 tion tion ! 
, venere ERE (2) 82,179 (2) 84,006 (2) 86,042 
AldSkKü. ee E 202000 272235 86 2,449 
AODA la bn iͤ . ĩ d Edo cele 16,720 ___--.--- 18,088; 20, 527 
Arkansas s 13,128 19,796 19,325 20,935 14,515 22 ,092 
California 3 243,350 189,963 %272,049 201,477  À*281,936 210,903 
Colorado ; 21,702 6,9 22,944 ; „445 
Connecticut... ..--...-------- eee 24,8444 26,408 ........- 27, 638 
Delaware.....................- (4) 5,752 (4) 5,716 (4) 6,024 
District of Columbia. 5,47 . -- 55 5 —8 5, 670 
. p eases Qulu usss 61,808 ......... 678200 72, 790 
G /́;’mmWWUU—̃ 8 44,621 ........- 48,285 ......... 52,149 
a Se (3) 4,820 (3) 5,005 (3) 5,254 
I ³ĩé K 8,840 0 8 6117 8 9,259 
NIK, iGo Geel ee 129 , 482 94,642 136,576 99,696 132,888 108 , 067 
eee 2-222... 2m 85,879 52,622 87,559 55,676 95,955 57,922 
Ee Ee, eco 84,292 ( 85,143 _ . . . . -- 86,182 
KansSas-2 5205 A. 5$ 92,215 27,699 s 95,898 29,114 s 98,123 82,619 
Kentucky. eee * 22,641 29,295 6 22,848 30, 958 e 24, 509 32, 641 
Louisiana ---.------------------ 201, 780 81,277 222,477 33,027 237,515 34,532 
Maine: 2.2.26 oe A Sele desks 9,768 __ 10818 10,715 
Maryland....................-.  ........- 80,745  ......... 82,945  ......... 85,288 
Massachusetts. 42, 699 45,15 47,075 
Miehgsssn.. ere 25, 664 85,379 26,478 91,128 26,560 95,956 
Minnesota... 17,578 38,910 22,481 41,094 25,719 48,776 
Mississippi 2 6,463 21,192 ? 6,868 22,417 26,767 28,905 
Missouri 5 49,594 (5) 51,939 M 54,567 
Montang 18,757 9,458 21,210 9,560 21,897 9,664 
Nebraska.....................- 5 18,190 (5) 18,962 19,976 
f uuu ue 6,184. __... 6,126 ......... 7,054 
New Hamps hirn 6,621 ......... 17.2198. L. LZ 2 7,728 
New Jergen . 81,670 59,139 79,970 62,572 89,418 64,363 
New Mexico 7,554 11,589 8,030 12,297 8,244 12,944 
New York_.... 10,881 133,159 11,881 188,401 18,686 150,120 
North Carolina.. 48,81 51,502 ......-.. 55,188 
North Dakota 7 18,143 8,401 7 14,688 8,698 7 18,858 9,109 
E177 SEE EEA 97,521 94,649 101,510 100,086 104,533 105,053 
Oklahoma. -------------------- 88,451 82,227 90,978 33,786 91,460 35,398 
PP ³o»W¾⅛mWſf· m x 21, 668 22,000) — 23,874 
Pennsylvania... 4 182,950 92,508  *181,756 97,040  *189,813 100,946 
Rhode Island-  ........- 7,099  ......... 75989 8 7,94 
South Carolina. 23,890 ......... 25,687  ......... 21,846 
South Dakota. 9,481 ........- 9,822 con eee 9,899 
Tennessee 6 97,845 (8) 39,20 6 41,806 
Toras NONE NES 495,457 139,126 511,362 153,876 584,286 149,737 
Utah sot Z 20, 42 11,717 20,590 12,810 21,526 4,0 
Vermont 4,3303 4,55 4,772 
äi ie EE (8) 42,102 (8) 45,011 (5) 48,020 
Washington (3) 31,821 (3) 83,886 (2) 85,595 
West Virginia 5 8,732 14,171 s 8,965 15,120 59,624 15,603 
Wisconsin. ___ (?) 39, 532 (7) 42,017 (7) 44,210 
Wyoming 17,976 5,106 20,485 5,514 28,894 5, 760 
Dil! dauid 1,888,522 1,894,918 1,983,827 2,009,928 2,022,407 2,109,554 
P Preliminary. 


1 American Petroleum Institute. 

? Alabama included with Mississippi. 

* Washington and Hawaii included with California. 
* Delaware included with Pennsylvania. 

s Nebraska and: Missouri included with Kansas. 

6 Tennessee included with Kentucky. 

7 Wisconsin included with North Dakota. 

$ Virginia included with West Virginia. 
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Table 41.—Shipments of aviation fuels 
(Thousand barrels) 


Shipments to PAD districts 
Product and use — P n U.S. 


1968 


Airlines Liz ew 1,455 1,078 326 130 668 3,652 
Fatto cemere 10 19 31 2 18 180 
General aviation 2,184 2,649 1,718 379 1,668 8,598 
/ L u SL l. 8,749 8,741 2,075 511 2,954 12,430 
For military uge 4,163 2,947 5, 878 405 4, 854 18, 247 
Jet fuel: rr 

For commereial use: 
Airlines 76,192 40, 468 15, 705 5,945 57,340 195, 650 
Factory. ³ĩð¹A  . . et 1,648 524 26 — 222- 811 8,250 
General avi tion 2,114 1,898 959 818 1,175 6,464 
TOUML mL os nde ees 79,954 42,890 16,931 6,263 59,326. 205,364 

For military use: 

c NM HI SP NEC 184,688 18,878 26,429 8,170 242,883 125 ,988 
PHO eee eS ee 8 5,568 T9 3,370 7,788 16, 805 
Other... acc a aiu 124 117 404 | .....- 672 1,317 
OG EE 40,375 19,069 30, 203 3,170 51,293 144,110 
1969 ELE" 


Aviation gasoline: 
For commercial use: 


Airlines 638 327 195 37 266 1,463 
i oo elec eecRer 85 62 88 1 20 206 
General aviation 2,581 2,556 1,639 376 1,898 9,050 
e 8,304 2,945 1,872 414 2,184 10,719 
For military uns 8,934 1,427 5,556 804 8,898 15,114 
Jet fuel: 

For commercial use: 
Airlines 88,613 49,504 19,009 6,253 68,898 227, 277 
Fetter iassa 2 1,606 717 3253 1.052 3, 700 
General aviation 3, 759 1. 803 928 757 1,114 8,356 


// "—Á— M 88,978 52,024 20,257 7,010 71,064 289,388 


e, 3 28,868 16,904 22,587 3,688  *36,872 108,869 
VE-D..ieiaueeecswatscuedie 5,204 60 4,982  . ...... 6,926 17,172 
Other...secoeues ie ease HEROS 177 162 4671 -_-`-`--- 879 1,185 

POU) M —— M—— 84,249 17,126 21,986 3,688 44,177 127,226 


1 Excludes 244,000 barrels imported directly by the military. 

2 Excludes 1,896,000 barrels imported directly by the military. 

3 Excludes 98,000 barrels imported directly by the military. 

4 Excludes 1,018,000 barrels imported directly by the military. 

Definitions of terms used in this table: 

Aviation gasoline—Any fuel in the gasoline boiling range for use in a piston-type aviation engine. 

Jet fuel—Any fuel for use in an aviation turbine engine. 

Airline—Sales to U.S. certificated air carriers, including air freight carriers, international air carriers (if 
SE Sie made in the U.S.), and to such other air carriers as supplemental or nonscheduled carriers, air 

is, etc. 

Factory—Direct sales to airframe and engine manufacturers. 

General aviation—Primarily sales to distributors and airport dealers. 

Military—Sales to Defense Fuel Supply Center and to other military agencies of the Government. 
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p Preliminary. d. 
1 Converted from barrels to short tons (5.5 barrels =1 short ton). 


r Revised 


1965 

Petroleum asphalt: 

Production... .------------------------------- 22,473 

Imports (including natural, 1,145 

EDO ooe y 8 71 

Stocks (end of period) ------------------------- 2,941 

Apparent domestic consumption 23,194 
Petroleum asphalt shipments: 

LN Ke EE 18,307 

TE 4,045 

Art ⁵³ð b ⁵ ⁵⁵⁵ ue e 2, 832 

fr ³ ꝓ.wqß cs 8 25, 184 

Road oil: 

Production. . 12:222 022-2242 0 we wi bed 1,194 

Stocks (end of period)........................- 106 

Apparent domestic consumption 1,193 

Road oil shipment ds 1,189 
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1966 
23,560 
1,110 
87 
3,147 
24,377 


19,648 
3,992 
2,798 


26,438 


1,257 
1,045 


1967 
23 , 230 
1,172 
77 
3, 265 
23, 847 


18, 867 
3,967 


Table 49.— Statistical summary of petroleum asphalt and road oil 
(Thousand short tons) ! 


1968 
24,629 
1,134 
T8 


3,646 
25,664 


1969 » 
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Table 51.—Salient statistics on road oil in the United States, by months and 
refining districts 


(Short tons) 1 
1968 1969 p 
Stocks, Domestic Stocks, Domestic 
Production end of demand Production end of demand 
period period 
By month: 

January 40, 364 160, 909 25, 686 47,273 124, 727 22, 546 
Februar 46,182 173, 636 33, 455 80,909 147,091 8, 545 
March... .. . . sce eee 82,182 212,182 43,636 91,273 214,546 23,818 
ADV esi 22 E O RE 70,864 225,455 57,091 66,182 232,545 48,188 
EE? 128,818 254,727 94,545 142,182 254,182 120, 545 
Jule eo E o acu elle 159,818 247,818 166,727 200,909 256,546 198, 545 
/, C0000 202, 727 215, 455 235,091 233,091 286,727 252,910 
August 203, 272 157,455 261,278 329,818 259,278 307,272 
September. 144, 727 136,909 165,278 219,818 210, 364 268,727 
October. ...................- 94,182 109, 686 121 , 455 162,727 170,545 202 , 546 
November. 39, 637 94,727 54, 546 78,545 157,818 91,272 
December 88,818 100,000 28, 545 49,273 160,000 47,091 

d Vd VW 1,241,091 100,000 1,287,278 1,652,000 160,000 1,592,000 

By refining district: 

East Coast... ̃²⅛ ² VVuꝙ˙ ⅛ ⁴ mcm ⁊⅛˙ ᷣ j ³⅛V A = · ,,, duzütuawd 
Appalachian No. 1...........- 112,909 2,363 106,364 2,909 
ap peng ti / ³]ðWüQA] ]. ⁰ ˙ . , ara 
Indiana, Illinois, Kentucky, ete_ 232, 000 5, 636 578,000 42,727 
Minn., Wis., N. Dak.......... 88,0545  .......- 44,5455 
Oklahoma, Kansas, et. 169, 455 22,364 187,278 20,727 
Texas Inland... ............- 9,455 182 NA 19,273 182 NA 
Texas Gulf Coast 20, 864 364 15,273 546 
Louisiana Gulf Coast... ...... ........- ......... | | [..------- 4 
Arkansas, Louisiana Inland, ete- ......... ......... | | |--------- ....... 
So ⁵˙⁶ TTT [, ðᷣ uz:ususe 
Rocky Mountain 369, 686 80,182 359,686 27,273 
West Coast... 288, 727 88,909 941,686 65,686 

/c oe 1,241,091 100,000 1,287,278 1,652,000 160,000 1,592,000 


» Preliminary. NA Not available. 
1 Converted from barrels to short tons (5.5 barrels =1 short ton). 
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Table 55.—Production of miscellaneous finished oils in the United States in 1969, 
by districts and classes 


(Thousand barrels) 


District Absorp- Petro- Specialty Petro- Other Total 
tion latum oils chemicals products 

Esst Coast OR ——— 8 1,104 404 277 1,785 

Appalachian No. 1 .. 7 85 * 86 155 

Apps acman / eet x AUR 6 ` ve 44d... 2252 14 

Indiana, Illinois, Kentucky, etc. ...........- 88 60 462 625 90 1,275 
Minnesota, Wisconsin, North Dakota, and 

, o n , . , aaea 122 8 122 

Oklahoma, Kansas, et 179 278 605 ......- 854 1,416 

Texas Inland... . ..................- l.l... 17129. zu 88 886 47 ` 1,148 

Texas Gulf... _ oe ee 49 400 1,320 8,847 901 6,517 

Louisiana Gullf -2-0-2 866 64 1. 127 162 1,719 

Arkansas, Louisiana Inland................. 123 eine Suec 10 17 150 

Rocky Mountain, New Mexico 4 86 122-225 RG leuc 57 

West Cee... - 25 19 1. 105 1.924 518 3,591 

Total 
i ace 8 963 942 14,675 8,962 2,402 17,944 
1908. r Kk a 3,422 1,125 4,249 7,311 2,995 19,096 


1 Specialty oils include: Insulating, 195; medicinal, 304; rust preventatives, 9; sand-frac, 38; spray oils, 290; 
and other, 3,905. 
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Table 60.—World production of crude petroleum by countries 


(Thousand barrels) 


Country 1967 1968 1969 » 
North America: 
Canada u L us ² c Add ĩͤ ee 351,292 379, 396 407, 499 
C .. ͥ dd 75 800 7 
CNC ons eli ed y yt y DE SL AL 133,042 142,257 149,661 
Trinidad and Tobago___. 08 vcn 64,995 66,904 57 , 429 
United State8-..-. oe ee ee eos Bee etd muse 3, 215, 742 3, 329, 042 3,371,751 
South America: 
F uoc u u ⅛oÜÜA3ͥĩ.A.. ee ee E LEE. ZU ug d. 114,673 125,488 130,082 
Eesbech 14,527 14,974 14,759 
Brazil :-:-2----:2299292 5: 5 x c. dc vul an LEE c a uye 58,515 58,785 63,966 
1111! xe Lb . 88 12, 369 13, 695 13,350 
Colombia. T ; x q mt myms 6 68, 877 63, 435 76, 776 
Fieugdorp; u; 2 ³ ] ] gg.... 2,272 1,815 1,567 
Peri- EE 25,857 27,135 26,330 
Venezuela ee 1,292,876 1, 319, 940 1,311,832 
Europe: 
JJ EE eie 8 6,593 7,573 8,000 
JõÄÜ—ö y d k x 18, 725 18,900 19,235 
EE, 3,642 4,015 , 155 
Czechoslovakia „„ „„ 1, 424 1,450 1,500 
V ³oͥãͥ AA 8 20, 640 19, 585 18,217 
Germany, We”. EE CDS ug 57,257 57,655 56,888 
II! E cM eese ³˙Ü se hes Ie EE 12,864 14,398 18,185 
[Lal cnc . ß 11,010 10,262 10,083 
N N ü ayasa aur aya es NENNT E 15,438 14,620 13,782 
J)) ³⁰w1àAà... ³ð é 8 3,339 3, 525 „248 
NU dp ³ yd yd ( a usa, 98,424 99,013 98,722 
jer vi RR pdf Or OMS r 61 1,093 1,405 
U.S. S. R. 777 ↄ ↄ ⁵ð TREE 2,100,000 2,252,000 2,395,000 
United Kingdom... 3; r 64 591 562 
Yugoslavia ͤͤ ĩ³˙²”ſꝗ]² ¶ ß 17, 655 18,473 19,991 
Africa: 
1;öĩÜ—B DEE r 297,715 325, 055 338,015 
E ³⁰Ü¹¹ AA A eee eas 3,880 5,401 17,441 
Congo Braille s s ee S 876 341 e 300 
CHE 25,208 33, 630 86,431 
ö.... e. E mur S ci s 636,504 948,519 1,184,839 
Morocco Ee 73 620 41 
ET et EE 116,519 52,854 197,168 
NIT KT CN 17,068 24,539 25,394 
n United Arab Republic 2_____._.-------- LLL cL cll Lll Ll... 39, 547 62, 206 e 95,000 
sia: 
Bahrain: uec ³ÄW³AA 0 ³ A C CE 25, 370 27, 598 27,774 
7 ³˙Üiͤmü' ͤ—w— E t Ech 37,961 44,664 45,624 
TOTI EE r 4,580 5,634 6,085 
China, mainland e LLL c eee MEE 80,300 110,000 146,000 
Iñ R Ee 42,190 43,552 51,724 
Ee EES 186,231 219,912 271,001 
[| An À a eee ie x ð- q³Awꝛ¼. E 947,678 1,039,366 1,231,828 
Iraq. LES aM a cre M LAM y e 445,821 550,098 553,999 
NR o oc uoce cu cu um EUM E e eL. EEN 8,687 14,831 e 18,000 
17 MCA ͤk ⁰ydß yd 5, 520 5, 476 5, 502 
KUWall 2022-94 ee 8h md... m eet tt pia mus 836,719 886,125 940,041 
Kuwait-Saudi Arabia Neutral Zonen 151,461 156,720 163,134 
Malaysia (Sarawak 777 ꝛ 2.222.22.2.2.-2- 328 1,521 3,286 
l cie Ses EL ee ee 90 90 90 
Muscat and ‘Oman. i035 . . ß ege 28,080 87,854 119,710 
PE J)%%%%%%%ö T. S L ane = Su 3, 636 8,305 , 500 
———— — — rk saa eA ih PEERS DS 118,083 124 , 220 129 , 845 
Saudi i111 ]ꝛ˙ “fd ee 948,110 1,035,773 1,092, 322 
J i oe ee ee ed 9,720 16,800 
Tawai EE 246 421 581 
FIC C 14 2 16 
FFF ⁰˙”’ͥ.rꝗ.t Bi ͥͤ mt EE 139, 467 181,756 218,723 
P PIT 19,515 22,235 25, 556 
Oceania: 
C777 ⁵ ⁵² T8 r 7, 600 13,877 15, 805 
New Zealand dd... eee a eos e 
Total- EE r12,889,252 14,104,250 15,220,221 
e Estimate. p Preliminary. r Revis 


ed. 
1 U.S.S.R. in Asia (including Sakhalin) included with U.S.S.R. in Europe. 


2 Excludes Israeli production of Egyptian oilfields. 
3 Includes estimates of Israeli production of Egyptian oilfields. 


4 All production from Abu Dhabi except 125,000 barrels from Dubai in 1969. 


Phosphate Rock 


By John W. Sweeney! 


The domestic phosphate rock industry in 
1969 was in a period of austerity. The in- 
dustry pared costs by selling and/or closing 
mines, fertilizer manufacturing plants, and 
fertilizer distribution facilities, to maintain 
operating and production efficiencies. De- 
creases were noted in all categories pre- 
sented in table 1 for the year with the ex- 
ception of imports and apparent consump- 
tion. À significant fact, however, was that 
marketable production decreased considera- 
bly, while that sold or used by producers 
remained about the same as the previous 
year. This may indicate that the phosphate 


operations were under closer control as 
marketable production was in closer bal- 
ance with that sold or used. In 1969, mar- 
ketable production was 3 percent greater 
than that sold or used; whereas, in the pe- 
riod from 1966 through 1968, it was 7 per- 
cent, 5 percent, and 10 percent greater, re- 
spectively. Price erosion was still evident. 
This was caused by overcapacity in the in- 
dustry, coupled with another poor spring 
planting season, resulting in excessive in- 
ventories which caused price cutting. 


1Mining engineer, Knoxville Office of Mineral 
Supply Knoxville, Tenn. 


Table 1.—Salient phosphate rock statistics 
(Thousand short tons and thousand dollars) 


1965 
United States: 
Mine production 84,305 
Marketable production............ 29,482 
I cuve RE CE $193,323 
Average per ton $6.55 
Sold or used by producers 29,039 
SE $188,590 
Average per ton $6 
Imports for consumption. .........- 148 
Arr. ĩͤ E A A $2,980 
Average per ton $20.14 
Exports l... A nen 7,323 
P.O; content................- 2,913 
//; AE EEE $51,109 
Average per ton.......... $6. 
Consumption, apparent 21,864 
World: Production 70,298 


NA Not available. 
1 From table 6. 


1966 1967 1968 1969 
112,960 128,978 148,336 121,712 
89,044 39,770 41,251 37.725 
$261 ,092 $265,947 $250,692 $208 , 689 
$6.69 $6 $6.08 $5.53 
36,443 97,88 37,319 96,780 
$245,182 $251,163 $228 , 347 5204, 409 

78 64 $6.12 $5. 
178 139 116 140 
$4,256 $3,261 $2,679 „554 
$23.91 $23 .46 $28 .09 $25.42 
9,248 10,072 12,099 11,336 
2,803 3,29 8,917 8,68 
$65,952 $69 , 479 $75,653 $62,288 

$7. $6. $6. $5. 
27 , 878 27, 902 25,986 25,534 

883,194 85,914 92,500 


? Measured by sold or used plus imports minus exports. 


DOMESTIC PRODUCTION 


Marketable production of phosphate 
rock decreased 8 percent in quantity and 
17 percent in value from that of 1968. Pro- 
duction from Florida and North Carolina 
in 1969 accounted for 79 percent of the 
total domestic output; the Western States 
produced 12 percent, and Tennessee and 
Alabama, 9 percent. Florida and North 
Carolina production and the Western 


States production decreased 9 percent and 
11 percent, respectively, from that of 1968; 
whereas, Tennessee and Alabama output 
increased 4 percent. 

Phosphate rock was produced in nine 
States from 62 mines in 1969, with Florida 
continuing as the leading producer. Land- 
pebble phosphate rock was produced in 
Florida by Agrico Chemical Co., American 
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Cyanamid Co., W. R. Grace & Co., Inter- 
national Minerals & Chemical Corp., Min- 
erals Recovery Corp., Mobil Chemical Co., 
Occidental Chemical Co., Swift & Co., 
U.S.S. Agri-Chemicals Inc., and U.S. Phos- 
phoric Products Co. Soft-rock phosphate 
was produced in Florida by Howard Phos- 
phate Co., M. W. Kellogg Co. Loncala 
Phosphate Co., Soil Builders, Inc., and Sun 
Phosphate Co. Monsanto Co. produced 
phosphate rock in Alabama for the first 
time in over 70 years. Cuyama Phosphate 
Corp. produced a low-grade phosphate 
rock in California. Phosphate rock was 
produced in Idaho by Monsanto Chemical 
Co., J. R. Simplot Co., and Stauffer Chemi- 
cal Co.,; in Tennessee by Hooker Chemical 
Co. Mobil Chemical Co., Monsanto Co., 
Stauffer Chemical Co., Tennessee Valley 
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Authority (TVA), and M. C. West, Inc.; 
and in North Carolina by Texas Gulf Sul- 
phur Co. 

American Cyanamid Co. announced 
plans to double the production capacity of 
its Chicora mine. The new facilities will 
include a washer and flotation plant and a 
second 45-cu-yd dragline. The expansion is 
expected to be completed in early 1971 
and will replace production from its Syd- 
ney operations, which are expected to close 
in mid-1970. During the year, the company 
deeded 1,160 acres of land to the Alafia 
River Basin Board of the Southwest Flor- 
ida Water Management District. About 770 
acres of this area will be a lake which will 
serve as a water reservoir for the Alafia 
River Basin. The lake will be surrounded 
by 390 acres of reclaimed mining land 
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Figure 1.— Phosphate rock (solid or used), apparent consumption, and exports. 
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Table 2.—Production of phosphate rock in the United States, by States 
(Thousand short tons and thousand dollars) 
Mine produc- | 
tion used Washer 
State Mine production directly production Marketable production 
Rock P:0s Rock P:0s Rock P:0; Rock P340; Value 
content content content content 
1968 
Florida !................. 185,891 17,690 29 6 88,004 10,628 388,082 10,684 $198,819 
Tennessee 6,777 1,456 685 169 2,464 657 8,149 826 28,628 
Western States 2. 5,668 1,448 3,879 1,002 1,191 881 5,070 1,888 88,746 
Total?...........- 148,886 20,589 4,592 1,177 36,658 11,667 41,251 12,848 250,692 
1969 
Florida l 111,178 15,711 92 28 29,888 9,575 29,980 9,608, 160,777 
Tennessee: __ ui ,648 1,080 588 128 2,741 780 8,274 858| 18,888 
Western States 2. 4,886 1,258 8,589 905 982 818 4,521 1,228) 29,024 
Total _ 121,712 18,044 4,164 1,061 83,661 10,628 37,725 11,684 208,689 
1 Includes North Carolina. | 
3 Includes California, Idaho, Montana, Utah, and Wyo 


* Incl 


which Will be used for recreation. Ameri- 
can Cyanamid announced a new procedure 
for using slimes in land reclamation. It is 
anticipated that this procedure will permit 
the phosphate industry to use these waste 
products to reconstruct mined-out land 
and recover large volumes of water that 
would normally be bound to the slimes.2 

W. R. Grace & Co.’s mining and ferti- 
lizer manufacturing operations were ham- 
pered by a strike from May 21 to October 
18, 1969. The company's Bonny Lake mine 
did not operate during this period; how- 
ever, chemical facilities were operated from 
July 5 to October 13 using phosphate rock 
from stockpiles. The company purchased 
additional phosphate reserves in Manatee 
County during the year. Grace also added 
400 acres to its water recirculation system 
and spent $1.4 million in water pollu- 
tion abatement equipment to improve 
waste water quality to circumvent pollution 
problems. 

International Minerals & Chemical Corp. 
(IMC) sold its Bonnie phosphate chemi- 
cals complex to C. F. Chemicals, Inc. The 
sale included phosphate fertilizer plants 
and sulfuric acid plants on a 2,800-acre 
site west of Bartow, Fla; the plants have 
an annual production capacity of approxi- 
mately 1 million tons of concentrated 
phosphate fertilizers, IMC will continue to 
supply phosphate rock to C. F. Chemicals, 
Inc, Bartow Phosphate Works (formally 
IMC's Bonnie complex), and purchase 
chemicals from them. It will also continue 
to own and sell the products from their 


ming. 
3 Data may not add to totals shown because of independent rounding. 
udes Alabama 


phosphate feed ingredients plant there. 
IMC exchanged certain Florida phosphate 
properties with Mobil Chemical Co. and 
purchased Mobil's Clear Springs processing 
facility. The company also made capital 
improvements at its Noralyn and Kings- 
ford phosphate rock plants. These im- 
provements are expected to increase IMC's 
basic phosphate rock production capacity 
by approximately 25 percent, improve 
quality control, and increase its mineral 
reserve position in the Florida phosphate 
fields. 

Occidental Chemical Co. (Oxychem) an- 
nounced plans for construction of a new 
defluorinated phosphate plant adjacent to 
its Suwannee River phosphate mine and 
chemicals complex near White Springs, 
Fla. The plant will cost approximately $6 
million. Completion is scheduled for late 
1970, and the facility will produce at an 
initial rate of 100,000 tons of defluorinated 
phosphate per year. This facility will con- 
sume an estimated 135,000 tons of phos- 
phate rock annually. 

Swift & Co. was an anomaly in the phos- 
phate industry in 1969. The company 
operated both of their mines on a 7-day 
schedule; erected an additional dragline at 
their Watson mine and installed additional 
wet rock storage facilities. During the year, 
Swift acquired the assets of the farm ferti- 
lizer business of Mobil Chemical Co. The 
transaction involved most of Mobil's retail 


3'lTimberlake, Richard C. Building Land With 
Engineering 


Phosphate Waste. Mining „ V. 2l, 
December 


1969, pp. 38-40 
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fertilizer assets, which included its liquid 
and chemically mixed fertilizer operations 
and its marketing force. Swift will assume 
control of about 65 blending operations, 15 
mixed goods plants, and six redistribution 
warehouses, employing a total of 1,400 per- 
sons. 

TVA offered at public auction 4,400 
acres in Citrus and Marion Counties, Fla., 
which were originally acquired as phos- 
phate reserves. 

U.S.S. Agri-Chemicals, Inc. added a fluo- 
silicic acid recovery system to its existing 
Florida fertilizer manufacturing facilites. 
The fluosilicic acid product will be used in 
Alcoa's aluminum fluoride plant, which is 
scheduled for construction in early 1970. 

Monsanto Chemical Co. mined phos- 
phate rock in Limestone County, Ala. for 
use at their Columbia, Tenn., operations. 
This is the first phosphate rock production 
from Alabama since 1900. 

Cuyama Phosphate Corp. reported phos- 
phate rock production from their Cuyama, 
Calif, operations. The California deposits 
are low-grade, about 5 percent P205. Yet, 
close proximity to markets has made this 
material economic.? 

According to a study by the Georgia De- 
partment of Mines, Mining and Geology, a 


large phosphate deposit near Savannah,. 


Ga. shows potential for producing approxi- 
mately 4.8 million cubic yards of matrix 
containing an average 22.5 percent B.P.L.4 
Kerr-McGee Corp. conducted some explo- 
ratory work on their phosphate rock re- 
serves near Savannah. The Georgia State 
Mineral Leasing Commission declined the 
company a lease to mine 25,000 acres of 
off-shore phosphate because of possible 
damage to the coastal ecology. 


Texas Gulf Sulphur Co. (TGS) com- 
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pleted the third year of operation at its 
Lee Creek mine and fertilizer plant com- 
plex near Aurora, N.C. The company 
awarded Wellman-Lord, Inc. a contract to 
build a new superphosphoric acid produc- 
tion facility at the Lee Creek complex. 
The facility is scheduled for completion in 
1970. A comprehensive report on the TGS 
Lee Creek complex was published.5 

The deepwater terminal at Morehead 
City, N.C., built to handle bulk phosphate 
rock shipments from the TGS Lee Creek 
complex became fully operational during 
the year. The terminal costing $11.4 mil- 
lion includes a 1,000-foot-long dock, a 
106,000-ton dry storage warehouse, a large 
bucket wheel reclaimer, and conveyor de- 
signed to handle 3,000 tons of phosphate 
rock per hour. | 

Monsanto Chemical Co. operated their 
Ballard mine and began production from 
their new Henry mine, 5 miles north of 
Ballard, Idaho. Production from the Henry 
mine is expected to replace that from the 
Ballard sometime in 1970. Production was 
used for the company's elemental phos- 
phorus plant at Soda Springs, Idaho. 

Mountain Fuel Supply Co. closed their 
phosphate washing and calcining plants at 
Conda, Idaho, July 1, 1969. 

Stauffer Chemical Co. reopened its mine 
and beneficiation plant at Vernal, Utah, 
which had been closed since April 1968; 
the mine has an approximate capacity of 
300.000 tons per year. The company also 
announced plans to reactivate its phos- 
phate pulverizing mill at Phoston, Utah. 
In addition, Stauffer opened their new 
Wooley Valley mine near Soda Springs, 
Idaho; the phosphate rock was shipped to 
their Silver Bow, Mont., elemental phos- 
phorus plant. 


CONSUMPTION AND USES 


Apparent consumption of phosphate rock 
was 1 percent greater in 1969, continuing 
an upward trend in consumption after 
faltering in 1968. 

Phosphate rock producers sold or used 2 
percent less than they did in 1968. The 
domestic production sold or used was for 
the following: Phosphoric acid, 39 percent; 
electric furnace phosphorus, 27 percent; 
triple superphosphate, 15 percent; ordinary 
superphosphate, 14 percent; and other uses 
5 percent. Domestic phosphate rock sold or 


used in 1969 by producers for phosphoric 
acid (wet process), electric furnace phos- 
phorus, and triple superphosphate in- 
creased 3 percent, 10 percent and 2 per- 


3 Utley, Harry F. First California Production of 


Phosphate Rock Under Way. Pit and Quarry, v. 
62, No. 1, July 1969, pp. 186-187. 

4Furlow, James W. Stratigraphy and Economic 
Geology of the Eastern Chatham County Phos- 
phate Deposit. Dept. of Mines, Mining and Geol., 
Geol. Survey Bull. No. 82, 1969, 40 pp. 

5 Trauffer, Walter E. Texas Gulf’s New Phos- 
phate Mine, Mill and Fertilizer Materials Complex 
at Lee Creek, N.C. Pit and Quarry, v. 61, No. 7, 
January 1969, pp. 124—138. 
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cent, respectively, over that of 1968, while 
ordinary superphosphate and other uses 
decreased 5 percent and 33 percent, respec- 
tively, below that of 1968. 

According to a journal article, an addi- 
tional 19 million tons of plant nutrients 
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(N,-P205, and Kan could be used an- 
nually in North America if the rates of 
fertilizer suggested by agricultural authori- 
ties in the United States and Canada were 
followed.6 


Table 3.—Florida phosphate rock sold or used by producers, by kinds 
(Thousand short tons and thousand dollars) 


Value Value 
Year Rock P205 Rock Pa 
content Total Average content Total Average 
per ton per ton 
Hard rock Soft rock 
1965___..... 8 77 27 $684 $8.88 31 6 $221 $7.18 
1966 2:222: 49 17 437 8.92 45 9 298 6.51 
1967 1. Z is SS SS SE Se 86 7 266 7.42 
1988 c NE e PEN EREE 80 6 224 7.47 
1969 8 es EN id Se 30 6 221 7.34 
Land pebble Total ! 
1963538 u 1. 21,388 6,949 $188,744 $6.49 21,496 6,982 $189,649 $6.50 
169 Se 28,043 9,077 184,075 6.56 28,137 9,108 184,805 6.57 
19672 29, 796 9,646 193,283 6.49 29, 882 9, 654 193, 548 6.49 
19683 ........--- 29,571 9,504 178,190 5.86 29,601 9,510 178,418 5.86 
190913. . .. 28,835 9,307 155,197 5.38 28,865 9,318 155,418 5.38 


! Data may not add to totals shown because of independent rounding. 


? Includes North Carolina. 


Table 4.—Tennessee phosphate rock sold 
or used by producers 


Value 
Year Rock P405; —————————— 
| content Total Average 
per ton 

1965. `, .----- 2,969 772 $22,385 $7.54 
196 8,076 799 28,497 7.64 
199 ——— 3,032 808 22,494 7.42 
19688 ĩ “ 8,065 807 28,646 7.71 
1969 1. 3, 193 851 18,192 5.70 


Includes Alabama. 


A Bureau of Mines report was published 
indicating that there will be a substantial 


increase in consumption of the three im- 
portant fertilizer and chemical raw mate- 
rials by the year 1980.7 The same author 
presented a paper discussing the farm rev- 
olution and the demand for fertilizers.8 


6 Commercial Fertilizer and Plant Food Industry. 
19,000,000 Tons More Fertilizer Use. V. 119, No. 
3, September 1969, pp. 29-30. 

? Hee, Olman. A Statistical Analysis of U.S. 
Demand for Phosphate Rock, Potash, and Nitro- 
gen. BuMines Inf. Circ. 8418, 1969, 55 pp. 

8 Hee, Olman. The Farm Revolution and The 
Demand for Fertilizers. Paper presented at the 
Annual Meeting of the American Institute of 
Mining, Metallurgical, and Petroleum Engineers 
at Washington, D. C., February 1969. 


Table 5.—Phosphate rock sold or used by producers in the United States, 


by grades and States 
(Thousand short tons) 


Florida ! Tennessee ? Western States Total 3 
Year and grade United States 
B.P.L. content 4 
(percent) Rock P20; Rock P20; Rock Paie Rock P20s 

content content content content 

1968 
Below 60........ 44 10 2,214 563 2,884 720 5,142 1,293 
60-66. .........- 1,519 435 753 212 19 6 2,291 653 
66-70_-_...-..-. . .. 11,94 83,6988 NES 951 292 12,900 8,990 
70 72 „61 83 98 32 559 177 3,269 1,045 
12— 14. eus 7,005 25314 ides 95 31 7,099 2,845 
Plus 744. 6,471 2,218 . uix awe 146 50 6,616 2,267 
Total 3. 29,601 9, 510 3,065 807 4,658 1,276 87,819 11,594 

1969 
Below 60. 48 11 2,261 582 2,856 697 5,165 1,291 
60-666 1,570 472 880 253 261 75 2,710 799 
66-70 11,827 8,694 44 14 572 176 12,443 8,884 
7072222 „822 590 8 8 799 256 2,629 848 
72274. 8,101 2,682 E 184 62 8,285 2,744 
Plus 744... 5,497 1,864 ECT ĩͤ K 5,497 1, 864 
Total 2. 28,865 9,313 8,1938 851 4,672 1,266 36,730 11,431 


l Includes North Carolina. 

? Includes Alabama (1969). 

3 Data may not add to totals shown because of independent rounding. 
1 Bone phosphate of lime, Ca? (PO*);. | 
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Table 6.—Phosphate rock sold or used by producers, by uses and States 
(Thousand short tons) 


5 Florida ! Tennessee 2 Western States Total United States š 
se — — — —[— I [ ————— — D—& DOS TK- Àə2ƏLTR 
Rock P20; Rock P205 Rock P20; Rock P20; 
content content content content 
1968 
Domestic: 
Agricultural 18,054 15,769 ..... DM 1,030 828 19,084 r 6,097 
Industrial 365 109 8,065 807 2,706 663 6,136 1,580 
Total 33 18,419 75,878 8,065 807 8,736 991 25,220 17, 677 
Exports 11,182 13,6322 BEER 917 285 12,099 r8,917 
Total 883. 29, 601 9,510 8,065 807 4,653 1,276 37,319 11,594 
1969 
Domestic: 
Agricultural. 17, 501 5,69 l Ms 1,039 828 18,540 5,958 
Industrial... ..... 553 166 8,193 851 8,107 772 6,853 1,789 
Total?3........- 18,054 5,795 8,193 851 4,146 1,100 25,998 7,141 
Exports. ...........-- 10,811 3,519 Ge 525 166 11,336 8,685 
Total 3 28, 865 9,313 3,193 851 4, 672 1, 266 36,730 11,481 
r Revised. 


1 Includes North Carolina. 
? Includes Alabama (1969). 
3 Data may not add to totals shown because of independent rounding. 
Table 7.—Phosphate rock sold or used by producers in the United States, by uses 


(Thousand short tons and thousand dollars) 


1968 1969 
Use SS P — — — —— 
Rock P20; Value Rock P20s Value 
content content 
Domestic: | 
Phosphoric acid (wet process).. 9,532 2,979 $52,685 9,839 9,118 $58,081 
Electric furnace phosphorus.... 6,117 1,574 42,082 6,758 1,759 89,794 
Triple superphosphate- ....-.- 9,858 1,271 23,166 9,934 1,289 21,970 
Ordinary 8 . 3, 708 11, 207 21,118 3,524 1,150 18,799 
Nitraphosphate. ie 
1 application e Kë soil.. 
ock and poultry feed 
Fertilizer filler. rr. 2, 006 646 13, 698 1,838 436 8,478 
Other fertilizers. ...........- 
Other uses 
(// A 25,221 r 7,677 152,694 25,393 7,747 142,122 
EXDOPRS..--2- ctc e 12,099 r 3,917 75, 658 11, 336 3, 685 62,288 
Grand tota] ! 37,319 11.594 228,847 86,780 11,431 204,409 
r Revised. 


1 Data may not add to totals shown because of independent rounding. 


STOCKS 


Producers' yearend stocks of marketable North Carolina producers increased slightly; 
phosphate rock decreased 2 percent from stocks held by the Western States producers 
those of 1968. Stock held by Florida and declined markedly. 


Table 8.—Producer stocks of marketable phosphate rock, December 31 
(Thousand short tons) 


1968 1969 
Source — n TU — _—_ 
Rock z P20; content Rock P:0s content 
Florida II.. 11,454 r 3,653 11,626 8,653 
Tennessee 76 121 218 49 
Western States 2,414 r 618 1,853 574 
Total 2322 18,943 4,292 13,697 4,276 


r Revised. 

Includes North Carolina. 

2 Includes Alabama (1969). 

3 Data may not add to totals shown because of independent rounding. 
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PRICES 


Prices as quoted by Oil, Paint and Drug 
Reporter for various grades of Florida 
land-pebble phosphate rock are shown in 
table 9. Actual prices on Florida land-peb- 
ble and North Carolina concentrate are 
not published because prices are usually 
agreed upon through direct negotiation be- 
tween buyer and seller: the negotiated price 
is usually lower than the quoted prices. 
Price cutting on contracts was again evi- 
dent in 1969 as an oversupply situation pre- 
vailed. Average reported prices decreased 
9 percent in 1969 from those of 1968 and 
17 percent from the high of 1967. 


Tennessee phosphate rock is not offered 
on the open market; therefore, no quoted 
market price is available. Table 4 shows 
the value of Tennessee phosphate rock sold 
or used by producers. Previous to 1969, the 
total value and the average price per ton 


reported by Tennessee producers was for an 
agglomerated product used as the furnace 
charge in the manufacture of elemental 
phosphorus, The 1969 figure presented in 
table 4 reflects the value of the Tennessee 
phosphate rock before agglomeration or the 
marketable product value equivalent to 
phosphate rock produced in other areas. 


Table 9.—Prices of Florida land-pebble, 
underground, washed and dried 
phosphate rock, in bulk, carlots, 

at mine, in 1969 
(Per short ton) 


Grade, percent B.P.L.! Price 
66 t0 EE $6.50 
e ß 7. 50 
%%]! z um 8.15 
TANG eg EE 9.20 
1610 TT; ³⁰ ⁰ 10.20 


11.0 percent B.P.L. (bone phosphate of lime also 
known as tricalcium phosphate) — 0.458 percent 
P305. 

Source: Oil, Paint and Drug Reporter. 


FOREIGN TRADE 


According to the Bureau of Census, U.S. 
Department of Commerce, total U.S. exports 
of phosphate rock declined 6 percent from 
that of 1968. While export tonnage declined, 
price declines were even more noticable. 
The average value per ton for Florida 
phosphate rock exported was $7.51, 52 cents 
less than that of 1968; the total average 
value per ton for U.S. phosphate rock ex- 
ported was $7.69, 96 cents less than the pre- 
vious year. Japan, Canada, Italy, and West 
Germany were the major purchasers of U.S. 
phosphate rock. Of these, Japan, West Ger- 
many, and Italy decreased their purchases 
by 26 percent, 16 percent, and 1 percent, 


respectively. Only Canada increased its 
purchases. 

In addition to the exports of superphos- 
phates presented in table 11, the United 
States also exports a considerable amount 
of multinutrient phosphatic fertilizers in 
the form of ammonium phosphates. These 
materials are reported in table 5 of the 
Nitrogen chapter. 

Of the 140,000 tons of phosphate rock 
imported (chiefly for use as animal feed 
supplement) 80 percent came from the 
Netherlands Antilles, 17 percent from 
Mexico, and the remainder from Canada. 
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Table 10.—U.S. exports of phosphate rock, by grades and countries 
(Thousand short tons and thousand dollars) 


1968 1969 
Grade and destination 
Quantity Value Quantity Value 
Florida phosphate rock: 
AUSstrali6 3255. oo ek te 628 $6,281 112 $1,011 
RT A EE 180 1,411 139 974 
Belgium-Luxembourg. ............ 885 2,147 414 8,116 
Brazil ¿Longa 0252£ 25x bomeEd 296 2,725 259 2,312 
TEE 1,382 11,606 1,713 13,967 
Ee ee 64 531 7 42 
Colombia... ... .. . 24 160 20 120 
El Selvador . 14 90 13 88 
France... eec 223 1,598 312 2,174 
Germany, Weste 1,424 9,741 1,189 8,005 
Id... eS E 299 2,093 307 2,254 
I/ ⁵ ZQ 1, 368 9,711 1,359 9,305 
Ce see ee ð v eee 2,759 23,742 2,048 17,259 
Korea, Soutnn 495 8,405 604 4,181 
Malaysia_.....---..---------.-.- 12 3 LGE 
ET EE 868 2,745 766 5,010 
Netherlands 224 2,104 319 2,097 
New Zealand. __. 115 1,156 16 161 
Norw-wayeͥce . . 23 184 17 134 
)u 24 WR 10 77 8 55 
Philippines 150 1,210 183 1,280 
eee y mess SL oL. 270 1,919 845 2,567 
Sweden 11 9% ĩ em 
United Kingdom................- 292 2,535 119 1,151 
Uruguay EE 23 240 11 99 
GO. ( s DS usus 63 1,029 127 882 
Total con cuba buipE E 11,052 88,753 10,407 78,189 
Other phosphate rock: ! 

Ahh ] ⅛ð—ͤv A ——  ------ 5 368 
Belgium- Luxembourg 1 46 (2) 20 
Brazil eve 8 170 (3) 22 
Canada... ---------------------- 924 13,635 726 6,801 
PBN CC Moe DICT (2) 1 (2) 6 
Germany, West (2) 18 46 385 
I ³ AAA 8 15 1,130 6 558 
JONES ooo l l ZL deum seen 14 201 2 20 
Mexico 1 21 56 489 
Netherlands 35 208 21 167 
Norway... . .. eege 20 138 89 711 
e ee s moss 13 243 11 242 
S/ ˙»5Ou 1,081 15, 806 962 9,229 
Grand total ---------------- 12,083 104, 559 11,369 87,418 


! Includes colloidal matrix, sintered matrix, soft phosphate rock, and Tennessee, Idaho, and Montana rock. 
? Less than 14 unit. 
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Table 11.—U.S. exports of superphosphates (acid phosphates), by countries 
(Thousand short tons and thousand dollars) 
1968 1969 
Destination 
Quantity Value Quantity Value 
ee 14 9410. — C 222252 (tt Rana 
Argentina... .. LL LLL ccce cass sc cs- 914 6 $260 
e TN 9 885 179 
Belgium - Luxembourg 53 1,660 11 850 
y L4 MESES uui 2322 136 5,648 138 5,917 
e EEN 64 45997 be —————— exe 
E FT, TEEN 110 5,139 50 2,706 
CHONG uz uy 8 165 5,567 127 4,270 
Colombda -------------------- 44 1,942 48 1,796 
Costa Fleeg: Zeie 9 888 5 226 
Dominican Republic 7 258 7 271 
CUS GOP ENEE 5 301 4 258 
France... . Ee 82 1,118 88 1,385 
Germany, West... . ---------- 18 589 20 71 
Indonesia. 119 7,877 33 1,397 
/ ³⁰¹“1W mi. e 21 859 20 729 
ann lac K .... 2 92 4 98 
DADAM: EE 37 1,479 80 1,148 
Korea, South. 144 5,488 2 131 
Cc 88 9 473 18 828 
Eeer 25 1,054 1 101 
Nansei and Nanpo Islands 8 100 1 36 
Netherlands. 87 8,825 91 8,871 
EE / ea a a a O 6 328 
Pakistan... se oe es, 84 8,784 20 899 
Poland and l mw ]o»'—ww § hu 24 866 
Singapore 8 888 11 516 
CT WEE 2 141 29 1,176 
dk EEN 11 427 84 1,150 
LÉI TT EEN 9 480 85 ,244 
Venezuela_____ ~~ (1) 2 3 119 
Yugoslavia. |. ............--.- . .. l.- 45 1,400 11 886 
G  cucuasecccelcuecseedL E cha ous 10 669 15 578 
7D Otel EE 1,289 56,359 847 83,922 
1 Less than 14 unit. 
Table 12.—U.S. imports for consumption of phosphate rock and phosphatic 
fertilizers 
(Thousand short tons and thousand dollars) 
1968 1969 
Fertilizer 
Quantity Value Quantity Value 
Phosphates, crude and apatite 116 $2,679 140 $3,554 
Phosphatic  fertilizers and fertilizer 
materials 44 2,222 83 8,976 
Ammonium phosphates, used as ferti- S 
Henn a 247 17, 264 245 16, 625 
Bone ash, bone dust, bone meal and 
bones, erude, steamed, or ground 5 857 4 298 
Manures, including guano............. (5 Jo  — % ë ë Spena 
Basic sis. (y (1) 
Dicalcium phosphate 21 1,176 14 605 
l Less than 14 unit. 
WORLD REVIEW 


Algeria.—The development of the Djebel 
Onk deposits are planned to replace the 
exhausted reserves at El Kouif. The mod- 
ern plant at Djebel Onk, which started 
production in 1966, produces 75 percent 
B.P.L. phosphate from crude ore averaging 
56—57 percent B.P.L.9 | 

Angola.—Pickands Mather & Co. received 
a concession from the Portuguese Govern- 


ment for phosphate prospecting in the Ca- 
binda district. Companhia Fosfatos de An- 
gola conducted an exploration program on 
its Cabinda phosphate concession. Initial 
investigations showed phosphate reserves of 


approximately 15 million tons. 


? Mining Magazine. Mining in Algeria. V. 121, 
No. 2, August 1969, p. 123. 
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Australia.—Broken Hill South, Ltd. an- 
nounced reserves of 2 billion tons of phos- 
phate rock averaging 17 percent Pas, 
Two-thirds of the reserves are in northwest 
Queensland; the remaining reserves are 200 
miles north of Mt. Isa. An engineering fea- 
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sibility study to determine the most eco- 
nomical method of mining the deposit was 
conducted. Amad NL, the exploration sub- 
sidiary of Mineral Securities Australia 
(MSA), claims to have discovered further 
reserves of phosphate rock in Australia's 


Table 13.—World production of phosphate rock by countries 
(Thousand short tons) 


Country ! 


North America: 

Neie e EE 
Netherlands Analai Ee 
South America: 

Brazil: 


P i deu / Duis 
Chile (guano).........................- 
Peru (guano)... ects les ee we ege ee 
Venezuela 
Europe: 
francs (phosphatic chalk ) 
Poland esce ee rnascas2hecsequeen 
“Apatite (marketable concentrate 39 
percent P :O)) 
Sedimentary rock (marketable con- 
centrate 19-25 percent P$0:) e... 


Africa: 
/// ²⁰· 
Mors. eundem a E Eu. 
Senegal: 
Aluminum phosphate 
Calcium phosphate 
Seychelles Islands (guano) 2... ........... 
South Africa, Republ lC Of oo. e zoe EE 
Re ). stad D HL ss 
TuniBlá. 2-229905 295 stock Gate 
Uganda (apatite .---------------- 
United Arab Republic..................- 
Asia: 


China, mainland e...................... 
Christmas Island (Indian Ocean) 2 
India: 
rr ³o¹w 
Phosphate rock. ..................- 
Indonesia 


Korea, North "ics Ceo MERI HP 
Vietnam, Nort 
Fi ⁵³ð 


Oceania: 
1% ;ĩÜê¹Eö m . s mc uy 
Nauru Island 
Ocean Iealandz ~~~ eee 


e Estimate. » Preliminary. r Revised. 


1967 1968 1969 » 
39,770 41,251 37,725 
60 29 NA 
128 108 NA 
148 159 NA 
87 8 NA 
18 24 NA 
r 71 36 NA 
38 66 66 
r 72 e 33 e 38 
105 105 110 
e 9,700 : 10,692 e 11,674 
8,270 8,820 9,645 
218 409 441 
10,962 11,587 11,753 
167 132 NA 
1,229 1,212 NA 
NA 
1,490 1,726 e 1,819 
1,238 1,515 NA 
3,097 8,796 NA 
162 e 157 NA 
753 1,588 NA 
1,100 1,100 1,218 
1,113 1,247 1,801 
13 7 10 
NCC MM LLLI: 76 
11 11 NA 
° 661 856 1,087 
1,364 1,280 «1,281 
216 331 381 
1,100 1,100 1,100 
55 55 55 

13 N 
1,981 2,485 2,423 
500 582 622 
r 85,914 r 92,500 NA 


NA N ot available. 


! Small quantities of phosphate rock also produced in Belgium, Cambodia, Colombia, Southern Rhodesia, 
and Tanzania and guano in Argentina, Philippines and South-West Africa. 


2 Exports. 
3 Reported in Soviet sources. 
4 Total is of lisved figures only. 


Northern Territory. Reserves have been es- 
timated at 66.5 million tons averaging over 
20 percent B.P.L., plus an additional 14.5 
million tons averaging less than 20 percent 
B.P.L. Amad NL is one of a number of 
companies holding prospecting licenses in 
the area adjoining the northern Queens- 
land phosphate area. 


Belgium.— Occidental Chemical Processes 
Corp. a subsidiary of Occidental Petro- 
leum Corp., awarded a contract to Wood- 
all-Duckham Ltd. (W-D) to construct a 
100-ton-per-day superphosphoric acid plant 
for Société de Prayon S.A. at its plant in 
Engis, Belgium. The plant will use the 
Oxy-Nordac process. 
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Brazil.—It is reported that a new seven- 
plant fertilizer complex near Santos, Brazil, 
will go on stream in December 1969. The 
$70 million project was organized as Ultra- 
fértil SA, a joint venture between Quimica 
"66" Ltd. (Phillips Petroleum Co.), 
COTIL SA (Igel Group), and the Interna- 
tional Finance Corp. 


Canada.—Electric Reduction Company of 
Canada, Ltd.’s (ERCO) $40 million ele- 
mental phosphorus plant at Long Har- 
bour, Newfoundland, went on stream in 
1969. The company converts Florida phos- 
phate rock to elemental phosphorus, which 
is shipped to Britain for further process- 
ing. The plant was closed for several 
months during the year due to environ- 
mental problems.10 


Colombia.—Colombian Mining  Enter- 
prise (Colminas) signed a contract with 
Pan American Consulting Ltd. for the 
turn-key construction of a normal super- 
phosphate plant at Ventaquemada, Boyacá 
Department, with an annual capacity of 
77,000 tons. The plant is estimated to cost 
$458,000. 


India.—New phosphate deposits with es- 
timated reserves of over 11 million tons 
averaging more than 30 percent P2O5 were 
found in the Jhamar-Kotra area, 28 km 
southeast of Udaipur City. Test work on 
this material proved favorable, and the 
Rajasthan Directorate of Mines and Geol- 
ogy started mining in mid-1969. The oper- 
ation has a production capacity of 1,100 
tons per day. 


Substantial phosphate deposits have been 
outlined near Pathargara, in Bihar, India. 
The ore is mined by hand methods at a 
rate of 2,000 to 3,000 tons per month from 
small-scale open pit operations. The esti- 
mated reserves are 11 million tons, averag- 
ing 15 percent P205.11 

An article was published on the occurr- 
ence and pertrologic character of phosphate 
rock in the Pithoragarh District, Uttar 
Pradesh.12 


Israel.—The American Israel Phosphate 
Corp. announced development of a $14 
million phosphate mine at Ein Yhav in 
the Negev Desert area. Initial production 
is scheduled for 1972. The firm expects a 
phosphate rock output of 600,000 tons per 
year of 32 percent P>sOs content, and 
250,000 tons per year with a 35-percent 
P205 content. Almost all of the phosphate 


917 


rock will be exported to Far East countries 
via the port of Eilat. 


Arad Chemical Industries, Ltd., an- 
nounced they will construct a $39 million 
phosphoric acid plant near Arad, 15 miles 
from the southern shore of the Dead Sea. 
The plant is expected to produce 166,000 
tons of phosphoric acid per year, employ 
new production processes, and use hy- 
drochloric acid derived from Dead Sea 
brines.13 


Mexico.—Fertilizantes Fosfatados Mexica- 
nos, S.A. (FFM) announced plans to mine 
100,000 tons of phosphate rock from a de- 
posit near Carbonera, Nuevo Leon. This 
venture would reduce Mexico's dependence 
on the United States for phosphate rock, 
especially that from Florida, which ex- 
ported 369,000 tons to Mexico in 1968. 


Morocco.—The Moroccan phosphate rock 
industry is controled by a government 
monopoly known as the Office Chérifien des 
Phosphates. Current production is from 
two mining areas; about 2.5 million tons 
of 70 percent B.P.L. rock was produced 
from Youssoufia, and about 8.4 million 
tons of 82 percent B.P.L. rock from 
Khouribga. Expansion plans indicate that 
by 1972 output from both operations will 
reach 15.8 million tons per year. In addi- 
tion to the mines mentioned, a new mine 
is being developed at Ben Guerir. Produc- 
tion at this mine is expected to start in 
1972 and will have an initial production 
of 2 million tons, increasing to 3 million 
tons by 1975. The long-term production 
goal from Ben Guerir is 10 million tons 
per year. Reserves at Ben Guerir are esti- 
mated at 900 million tons with a 70 per- 
cent B.P.L. grade after washing. An article 
describing Morocco's phosphate rock indus- 
try was published.14 

Nauru.—The partner governments of the 
Nauru Phosphate Commissioners and the 


1? Industrial Minerals. The Effluent Society. No. 
22, July 1969, pp. 7, 39. 

11 Mining Magazine. India-Phosphate Deposits 
Outlined in Bihar Could Support Large-Scale 
OPES V. 121, No. 6, December 1969, pp. 465- 


1? Singh, Rajendra. A Brief Note on the Occur- 
rence and Petrologic Characters of Phosphate Rock 
in Pithoragarh District, Utter Pradesh. Mines, 
Metals & Fuels, v. 17 No. 3, March 1969, pp. 
7374. 

18 Chemical Age (London). Israeli Phosphoric 
Plant Nears Completion Using New Process in Bid 
for World Fertilizer Market. V. 99, No. 2603, 
June 6, 1969, p. 11 

M Mining Magazine. Phosphate in Morocco. V. 
120, No. 6, June 1969, pp. 394—401. 
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Republic of Nauru reached a compromise 
agreement for supplying Nauru phosphate 
after June 1970. Nauru will supply 1.75 
million tons in 1970-71 at $12.30 per ton 
(the present price is $12.00 per ton) and 
1.35 million tons in 1971-72, for which a 
price has yet to be agreed upon. After 
1972-73, the Nauruan Government will ne- 
gotiate directly with the Commissioners 
rather than with the partner governments. 
The Commissioners have agreed to ship 
rock in vessels owned or chartered by 
Nauru, and have agreed to Nauru selling 
rock to countries other than Australia, 
New Zealand, and Britain. 
Netherlands.—Farbwerke Hoechst AG an- 
nounced plans to construct a third ele- 
mental phosphorus furnace, of 30,000-ton- 
per-year capacity at its Hoechst Vlissingen 
N.V. plant at Flushing. The first phospho- 
rus furnace was commissioned in April 
1968, and the second furnace is expected 
to be in full production in 1970. The 
phosphorus produced is converted to phos- 
phoric acid and sodium tripolyphosphate 
at Flushing. Each furnace has a 30,000- 
ton-per-year capacity.15 
Senegal.—Compagnie Sénégalaise des 
Phosphates de Taiba announced a $12 mil- 
lion expansion of its operations that will 
increase production capacity from 1.3 to 
1.6 million tons of phosphate rock by 
mid-1970. f 
Spanish Sahara.—Exploitation of the 
phosphate rock deposits discovered in the 
Spanish Sahara by Empresa Nacional Mi- 
nera del Sahara appears imminent. Agree- 
ment was reached with an engineering 
consortium headed by the German engi- 
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neering company Krupp. These deposits 
discovered 6 years ago have calculated re- 
serves of 1,700 million tons of phosphate 
rock. The plan proposed by Krupp is to 
construct port facilities near El Aaiun for 
shipment of the rock. A conveyor belt sys- 
tem 100 km long will be constructed from 
Vad-Bu-Crac to the port; the belt will 
move 16 million tons of rock per year. 
The first customers for the rock will be 
the Spanish fertilizer producers currently 
importing rock from North Africa, Florida, 
and Egypt.16 


Tunisia.—S. A. Heurtey of Paris and the 
Compagnie des Phosphates et du Chemin 
de Fer de Gafsa signed an agreement, 
whereby Heurtey will carry out design and 
engineering for the development of new 
phosphate deposits at Gafsa. The total in- 
vestnent wil be about $40 million. In 
1969, Tunisian production was about 3.2 
million tons per year, of which 2.5 million 
tons was exported. The new development 


envisages a production of 7.5 million tons 
by 1974.17 


A paper was published describing exper- 
imental work using Gafsa phosphate rock 
in fertilizers. 18 


United Arab Republic.— The Soviet gov- 
ernment reportedly granted Egypt a credit 
of 557.5 million to finance the first stage 
of a project to exploit the large phosphate 
rock reserves of the country. The grant 
will be used to build a plant near Aswan 
to produce 40,000 tons per year of elemen- 
tal phosphorus.19 


Several papers were published describing 
research on Egyptian phosphate ores. 20 


TECHNOLOGY 


During 1969, technical papers were pub- 
lished on the occurrence of arsenic and 
color-causing components in Florida land- 
pebble phosphate rock 21, and on the 


15 Chemical Age (London). Hoechst Will Build 
Third Phosphorous Furnace at Flushing. V. 99, 
No. 2624, Oct. 31, 1969, p. 9. 

1$ European Chemical News. Krupp Will Open 
up Sahara Phosphate. V. 16, No. 401, Oct. 10, 
1969, p. 22. 

17 Chemical Age (London). Heurtey Contract for 
$40 M Tunisian Phosphate Project. V. 99, No. 
2630, Dec. 12, 1969, p. 30. 

18 Fertilizer Feed & Pesticide Journal (London). 
Experiments With Gafsa Phosphate. V. 66, No. 
11, November 1969, p. 22. 

19 Chemical Age (London). U.S.S.R. Loan for 


physical and chemical factors in the forma- 
tion of marine apatite.22 

A project was conducted in south Geor- 
gia to determine the existence, preliminary 


Egyptian Phosphorus Venture. V. 99, No. 2630, 
Dec. 12, 1969, p. 27. 

20 Mining Magazine. Anionic Flotation of Nile 
Valley Phosphate Ores. V. 121, No. 3, September 
1969, pp. 183-191. Calcination of Calcaveous Phos- 
phate Ores, pp. 195—201. 

21 Stow, S. H. The Occurrence of Arsenic and 
the Color-Causing Components in Florida Land- 
Pebble Phosphate Rock. Econ. Geol., v. 64, No. 
6, September-October 1969, pp. 667—671. 

2 Gulbrandsen, R. A. Physical and Chemical 
Factors in the Formation of Marine Apatite. Econ. 
Geol. v. 64, No. 4, June-July 1969, pp. 365-380. 


PHOSPHATE ROCK 


quality-quantity data and approximate lo- 
cation of phosphate deposits that may 
have economic potential.23 

The use of fluidized-bed reactors for cal- 
cining and drying phosphate rock at sev- 
eral western operations and at TGS's Au- 
rora, N.C., operation was described. The 
report also shows typical flowsheets of flui- 
dized beds for calcining and drying phos- 
phate rock, and calcining and drying cost 
evaluations.24 

A series of three articles examined phos- 
phoric acid technology; processes for pro- 
ducing wet-process and furnace-grade phos- 
phoric acid; and predictions on economic 
and trends in the industry. The articles 
conclude that the worldwide need for fer- 
tilizer remains a real factor, and gives as- 
surance that there will be long-term 
growth in the industry.25 

New phosphoric acid processes were in- 
troduced by B. D. Bohna & Co., San Fran- 
cisco, Calif. ‘The processes use ammonium 
sulfate to digest phosphate rock, giving 
products of ammonium phosphate and 
gypsum. The ammonium phosphate can 
then be treated with sulfuric acid to pro- 
duce a concentrated 75 percent phosphoric 
acid.26 

A process showing how oxygen injected 
into rotary kilns nodulizing phosphate ore 
can increase phosphate production by 15 
percent was described. The new process 
also reduces fuel requirements by 10 per- 
cent and increases the nodules bulk density 
by 25 percent.27 

Three technical articles were presented 
describing how polyphosphates are revolu- 
tionizing fertilizers. The articles review the 
chemistry of polyphosphates and their use 
in fertilizer mixtures. Data are given on 
the production, properties, and use of poly- 
phosphate base materials.28 

The Tennessee Valley Authority (TVA) 
began publishing a monthly bulletin in 
1968 entitled “Fertilizer Abstracts." It con- 
tains selected information on the technol- 
ogy, marketing, and use of fertilizers. Selec- 
tion of the abstracts are based primarily 
on the objectives of the fertilizer research 
and development program of the National 
Fertilizer Development Center, Muscle 
Shoals, Ala. 

Studies were conducted by the Bureau of 
Mines at the Tuscaloosa Metallurgy Re- 
search Laboratory, ‘Tuscaloosa, Ala., to im- 
prove beneficiation techniques on phos- 
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phate ores. The object of one study was to 
investigate and develop new or improved 
beneficiation techniques for recovering 
phosphate concentrates from the low-grade 
siliceous and calcareous Tennessee phos- 
phate ores. The other study investigated 
methods for beneficiating Florida land-peb- 
ble phosphate. The objectives were to de- 
velop new processes for increasing recovery 
of the phosphate fines, which in turn 
would decrease the formation of washer 
slimes and make their disposal less of a 
problem. 

The Bureau of Mines developed cost es- 
timates for the disposal of phosphate rock 
washer slimes by pond settling from a 
study of the method used at International 
Minerals & Chemical Corp. (IMC), Nora- 
lyn Phosphate Operations, Polk County, 
Fla. Data were obtained by basing phos- 
phate production and slime generation sta- 
tistics on plant capacity rather than on ac- 
tual company records. Cost estimates, 
prepared as a guide in evaluating alterna- 
tive disposal methods and in identifying 
needed areas of research, could be applica- 
ble to any Florida plant using the same 
disposal method. To conserve mineral re- 
sources and to improve environmental con- 
ditions, the Bureau recommended further 
research directed toward developing alter- 
native methods of disposal, including the 
recovery of water and P205 values from 
the slimes.29 

A Bureau of Mines study on the phos- 


23 Georgia Institute of Technology. South Geor- 
gia Minerals Program, Phospate. Georgia Div. 
Conserv., Dept. Mines and Geol., Project Rept. 
11, 1969, 165 pp. 

24 Minerals Processing. Fluidized Bed Process of 
Phosphate Rock. V. 10, October 1969, pp. 13-17. 

25 Bowers, Q. D., Bryant Fitch, and R. L. Kulp. 
A New Look at Phosphoric Acid. Pt. I-Introduc- 
tion to Phorphoric Acids. Farm Chem., v. 132, No. 
2 February 1969, pp. 38, 40, 43, 44, 46,; Pt. II- 
Phosphoric Acid Processes, No. 3, March 1969, pp. 
48, 50, 52, 54, 56; Pt. III-Economics and Trends, 
No. 4, pp. 48, 50, 53, 56 

æ% Chemical Week. A New Phosphoric Acid 
Process. V. 104, No. 23, June 7, 1969, p. 50. 

?! Chemical Week. Oxygen Brings New Life to 
Old Phosphorus Kilns. V. 104, No. 24, June 14, 
1969, pp. 36-37. 

28 Fleming, J. D. Polyphosphates are Revolution- 
izing Fertilizers. Pt. I-What Polyphosphates Are. 
Farm Chem., v. 132, No. 8, August 1969, pp. 
30—36. Siegel, M. R. and R. D. Young. Polyphos- 
phates are Revolutionizing Fertilizers. Pt. II-Base 
Materials. V. 132, No. 9, September 1969, pp. 41— 
47. Achorn, F. P., and W. C. Scott. Polyphos- 
phates are Revolutionizing Fertilizers. Pt. III- 
Polyphosphates in Mixtures. V. 132, No. 12, 
December 1969, pp. 46, 48, 50, 52, 102. 

29 Boyle, J. R. Waste Disposal Costs of a Florida 
Phosphate Operation. BuMines Inf. Circ. 8404, 
1969, 24 pp. 
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phate industry in the southeastern United 
States and its relationship to world min- 
eral fertilizer demand was being conducted 
by the Knoxville Office of Mineral Supply. 
Publication of this paper is scheduled for 
mid-1970. The report shows that the 
southeastern phosphate industry composed 
of the States of Florida, Tennessee, and 
North Carolina, is the leading domestic 
and world producer of phosphate rock. 
The report emphasizes size and organiza- 
tion, production capacity, transportation, 
and marketing of the southeastern phos- 
phate product. Factors affecting the sup- 
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ply-demand relationship of the southeast- 
ern phosphate industry and world 
phosphate production- consumption rela- 
tionships are analyzed and related to the 
southeastern phosphate industry. Past 
trends are projected and the future role of 
the southeastern phosphate industry is an- 
alyzed to determine its ability to supply 
the United States and rest-of- the- world 
phosphate requirements in 1985 to 2000. 
The projections show that southeastern re- 
sources are ample to supply domestic and 
export requirements at the projected rates 
of consumption well beyond the year 2000. 


Platinum-Group Metals 


By Charles D. Hoyt? and J. Patrick Ryan? 


The most significant event of 1969 for 
the platinum-group metals was the general 
softening of prices within the industry, 
despite a $10 increase in the platinum 
producer price in early November. For the 
long-term world supply outlook an event 
of major importance was the Rustenberg 
group's announcement that total reserves 
of platinum available in the South African 
Bushveld Igneous Complex were estimated 
at 200 million ounces for exploitation 
over the next 30 years. 

Estimates of world output indicate a 
modest decrease primarily due to extended 
strikes in Canada which reduced Canadian 


production of byproduct platinum-group 
metals by an estimated 100,000 ounces. 
The Republic of South Africa continued 
its steady expansion and will have an esti- 
mated output of over 1 million ounces by 
mid-1970. Further expansion is planned to 
achieve a production level of 1.2 million 
ounces by early 1972. 

U.S. imports were down almost 31 per- 
cent, but exports increased by almost 27 
percent compared with 1968. U.S. con- 


sumption was 7 percent below 1968. 


1 Physical Division of Nonferrous 
Metals. 
? Mining engineer, Office of Assistant Director, 


Mineral Supply. 


scientist, 


Table 1.—Salient platinum-group metals statistics 
(Troy ounces) 


1965 1966 1967 1968 1969 
United States: 
Mine production 11. 35, 026 51,423 16,365 14,793 21,586 
allé. eke ce $2,041,102 $3,106,993 $1,428,868 $1,500,603 32,094, 607 
Refinery production: 
ew metal........ 61,723 73,615 29, 663 12, 305 17, 875 
Secondary metal 108, 525 103,321 365,799 329,455 871,659 
Exports (except manu- 
actures)...........- 108,097 205,456 279,852 895,157 501,064 
Imports for consumption 1,172,648 1, 352, 256 1, 321, 278 1,778,984 1,225,651 
Stocks Dec. 81: Refiner, 
importer, dealer...... 926,373 1,129,604 869,211 802,711 1,077,478 
Consumption 1,186,701 1,675, 795 1,334, 296 1,367,911 1,857,944 
World: Production 2,968,890 8,089,449 8,175,309 8,993,749 8,886,851 


1 From crude platinum placers and byproduct platinum-group metals recovered largely from domestic gold 


and copper ores. 


Legislation and Government Programs. 
—In May 1969, the Office of Emergency 
Preparedness (OEP) increased the stock- 
pile objective for platinum by 220,000 
ounces to 555,000 ounces so that instead of 
having a 115,000-ounce surplus, the stock- 
pile of platinum at yearend was 105,000 
ounces below the objective. 

On July 1, 1969, General Services 
Administration (GSA) entered into a con- 
tract for 200,000 troy ounces of palladium 
to be delivered by June 30, 1970. Deliver- 
ies as of December 31, 1969, totaled 
135,431 troy ounces. 


Table 2.—Government inventory of 
platinum-group metals, December 31, 1969 


(Troy ounces) 


Supple- 
Metal National mental Objective 
stockpile stockpile 
Iridium 117,072 17, 
Palladium . 334, 269 747,680 1,800,000 
Platinum 2 400 , 036 49 ,999 555,000 
Ruthenium.... ......- 3800 l 


1 Excludes 184 ounces nonstockpile grade. 
? Includes 165,908 ounces reserved for upgrading 
and 36 ounces nonstockpile material. 
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The contract entered into on May 9, 
1969, for furnishing 862 troy ounces of iri- 
dium was completed on August 26, 1969. 

A contract was entered into March 17 
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1969, to refine 200,000 ounces of Govern- 
ment-owned platinum. Deliveries under 
this contract, as of December 31, 1969, 
totaled 34,092 troy ounces. 


DOMESTIC PRODUCTION 


Refinery output of new metal increased 
45 percent, and the production of second- 
ary metals was up 13 percent. Domestic 
output is derived as a byproduct of copper 
refining, and from the mining of Alaskan 
placers. 

Toll refining of platinum-group metals 
decreased 4 percent in 1969 to a total of 
2,245,796 ounces, of which 89 percent was 
of used materials and the balance virgin 


material. The total amounts treated in 
1969 by toll refining were the following 
with 1968 amounts in parentheses: Plati- 
num—1,207,559 (1,184,590 ounces) ; pallad- 
ium—945,106 (1,055,470 ounces); rhodium 
—73,139 (73,350 ounces); iridium—9,186 


(11,810 ounces); osmium—2,197 (2,920 
ounces) and  ruthenium—8,609 (9,020 
ounces). 


Table 3.—New platinum group metals recovered by refiners in the United States 
by sources 


(Troy ounces) 


Year and source Platinum Palladium Iridium Osmium Rhodium Ruthe- Total 
nium 
1966 opus direc cease 25,247 26,339 2,628 1,199 4,858 1,452 61,723 
199//;; ³ĩð³ 88 30, 048 31,367 „979 1, 533 5, 650 1,038 73,615 
Jö EEN 20, 296 8,262 754 151 189 11 29,663 
1968: _ 
From domestic sources: 
Crude platinum; gold 
and copper refining. .. 4,816 5,275 454 95 36 6 10,682 
From foreign crude platinum. 1,486 BJ. ooo —— 8 64 | ..... 1,623 
Total EE 6,302 5,358 454 95 90 6 12,305 
1969: | 
From domestic sources: 
Crude platinum; gold 
and copper refining... 8,702 8,224 570 135 70 11 17,712 
From foreign crude platinum / l . Goes 163 
„ dne 8,702 8,387 570 135 70 11 17,875 


Table 4.—Secondary platinum-group metals recovered in the United States 


(Troy ounces) 


Year Platinum Palladium Iridium Osmium Rhodium Ruthe- Total 
nium 
19), EN 58 , 562 50,025 960 763 2,590 625 108,525 
KEE 49,563 50,009 402 728 2,434 185 103,321 
13e 8 126,377 215,162 7,748 2,377 11,505 2,630 365,799 
196888. en 115,587 195,620 2,127 672 12,176 3,273 329,455 
1999. ĩ AA us 126, 822 227, 763 11,743 2, 873 371,659 


2,250 208 ; 


CONSUMPTION AND USES 


Consumption of platinum-group metals, 
as indicated by sales to consuming indus- 
tries, decreased slightly in 1969 compared 
with the 1968 total. Platinum sales were 
down 11 percent from the previous year 
owing largely to the decline in demand by 
petroleum refiners, but sales of palladium 
were up 5 percent over 1968 owing to 
increased use in the electrical industry. 


Rhodium sales increased 12 percent in 
1969 compared with 1968; sales of iridium 
and ruthenium gained 51 and 64 percent, 
respectively, compared with 1968. Osmium 
sales were down slightly compared with 
those in 1968. | 

The chemical, petroleum, and electrical 
industries accounted for 77 percent of the 
total platinum-group metals consumed in 
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both 1968 and 1969. Total platinum sales 
in 1969 were distributed among petro- 
leum refining (11.4 percent) , manufacturers 
of organic and inorganic chemicals (34 per- 
cent), and electrical and electronic equip- 
ment manufacturers (21.8 percent). The 
bulk of palladium sales were to the electri- 
cal equipment manufacturers (57 percent) 
and chemical manufacturers (28.3 per- 
cent). The minor platinum-group metals 
—rhodium, iridium, and ruthenium—are 
used primarily as alloys with platinum and 
palladium. 


Estimates of the distribution of demand 
among the total Western world for newly 
mined platinum over the period 1965-69 
were 30 percent to the chemical industry, 
25 percent to petroleum catalytic uses, 20 
percent to electrical and allied industries, 
10 percent to glass manufacture, and the 
remaining 15 percent distributed among 
various uses including jewelry and medical 
applications. These estimates were pre- 
sented by the Rustenburg group. 

In the chemical industry, one of the 
major uses for platinum (alloyed with 10 
percent rhodium) is as a catalyst in nitric 
acid production for use in producing 
nitrate fertilizers. New uses for platinum 
as an oxidation catalyst are evolving in the 
rapidly growing pollution control field. 
There has been continued extensive use of 
platinum with rhenium added (which 
improves performance) in the petroleum 
industry as a reforming catalyst. 


Palladium is widely employed as a cata- 
lyst in hydrogenation reactions used by the 
chemical, dyestuff, and pharmaceutical 
industries. 


Platinum (alloyed with rhodium) finds 
major use within the electrical industry in 
such applications as light duty contacts, 
electric furnace windings, thermocouples, 
cobalt-platinum permanent magnets, resist- 
ance thermometers, and precision poten- 
tiometers. Thick film electronic applica- 
tions using platinum, palladium, and 
ruthenium are increasing. Palladium has 
its major use within the electrical industry 
for telephone contacts. Glassmaking refrac- 
tory equipment is coated with a thin layer 
of platinum sheet to prevent contamina- 
tion of the molten glass. Glass fiber manu- 
facturing employs rhodium-platinum bush- 
ings as part of its production equipment. 
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A new ruthenium plating bath devel- 
oped by Johnson, Matthey & Co. Ltd. gives 
bright adherent and pore-free deposits at 
high-cathode efficiencies. Under optimum 
conditions, cathode efficiencies of over 90 
percent were obtained. Electrodeposited 
ruthenium has numerous applications in 
light-duty electrical contacts where 
mechanical wear is a problem, particularly 
for sliding surfaces such as slip rings. 3 


A 10-percent iridium-platinum alloy is 
used by Devices Implants Ltd. in fabricat- 
ing its fixed-rate heart pacemaker. The 
new alloy is entirely unaffected by the cor- 
rosive environment of the body.“ 


A new platinized ceramic honeycomb 
catalyst designated THT was developed by 
Matthey Bishop, Inc., for the combustion 
and elimination or organic fumes that may 
become a health hazard. The company 
states that the low-pressure drop, attrition 
resistance, and high activity of the catalyst 
make it unusually suitable for a wide 
range of processes requiring air pollution 
control. Catalytic combustion using plati- 
num or platinum alloys generally permits 
the oxidation reaction to take place at a 
much lower temperature than is required 
by the direct flame combustion technique, 
thus reducing fuel costs. The new catalyst 
is particularly effective in the abatement of 
pollution from nitrogen oxides and carbon 
monoxide emitted from a wide variety of 
industrial processes. The catalyst also is 
used effectively on diesel engines operating 
in mines and on other internal combustion 
engines using nonleaded fuel.5 


Platinum-clad tantalum anodes intro- 
duced by Sel-Rex Corp. for gold and rhod- 
ium electroplating are reported to offer, at 
reduced costs, the same performance and 
life as solid platinum anodes. The tan- 
talum base is an excellent electrical con- 
ductor that will accept high voltages and 
will not contaminate the bath.6 

Platinum-coated columbium anodes are 
being used to provide corrosion protection 


3 Bradford, C. W., M. J. Cleare, and H. Middle- 
ton. A New Ruthenium Plating Bath. Platinum 
Metals Rev., v. 13, No. 3, July 1969, pp. 90-92. 

* Platinum Metals Review (London). Iridium- 
Platinum in Heart Pacemaker. V. 18, No. 4, 
October 1969, p. 140. 

5 Acres, G. J. K. Platinum Catalysts for the 
Control of Air Pollution. Platinum Metals Rev., 
v. 14, No. 1, January 1970, pp. 2-10. 

$ American Metal Market. Platinum-Clad Tan- 
talum Mesh Anodes Available. V. 77, No. 25, Feb. 
5, 1970, p. 14. 
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for the largest U.S. floating drydock under 
construction at Bethlehem Steel's San Fran- 
cisco shipyard. Control of corrosion will be 
provided for the outer underwater hull 
areas by a Capac cathodic protection 
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system designed and constructed by Engel- 
hard Minerals & Chemicals Corp.7 


T American Metal Market. Platinum-Columbium 
Anodes Protect Floating Dry Dock. V. 77, No. 24, 
Feb. 4, 1970, p. 9. Iron Age. There's Platinum 
Under That Dry Dock. Feb. 12, 1970, p. 27. 


Table 5.—Platinum-group metals sold to consuming industries in the United States 
(Troy ounces) 


Year and industry Platinum Palladium Iridium Osmium Rhodium Ruthenium Total 
193 T8 411, 435 717,085 9,554 1,694 88,910 8,088 1,186,701 
1968... EEN 690,787 894,212 10,9938 1,836 69,688 8,279 1,675,795 
19% W cues 633,864 621,141 12,086 1,823 54,952 10,430 1,334,296 
196 

Chemical 157,677 228,818 2,047 907 14, 507 8,037 406 , 493 
Petroleum 161,050 22,683 565 1 201 184,504 
A cone 47,935 10 1l. ui 7,441 | ...... 55,897 
Electrical. 117,256 829,012 2,716 12 9,514 1,991 460,501 
Dental and medical. 24,908 61,636 890 533 88 371 87,871 

Jewelry and decora- 
tive....--------- 40,184 17,797 2,998 50 7,059 8,568 71,656 
Miscellaneous 31,150 62, 023 716 109 6,016 1,475 101,489 
Total..........- 580,156 721,479 9,448 1,612 44,776 10,446 1,867,911 

1969: 

Chemical 175, 436 214, 508 6,171 873 18,060 8,696 423 , 744 
Petroleum......... 58,602 1,837 1,328 2,841 9 68 ,617 
lass 63, 350 3,891 232 222. 10, 889 78,312 
Electrical. 112, 589 430, 258 2,154 5 10, 788 2,057 557, 851 
Dental and medical. 22, 266 52, 326 7 555 339 218 76,418 

Jewelry and decora- 
ae -------- 86,161 21, 837 2,941 . ..... 5,622 1,915 68,476 
Miscellaneous 47,174 34, 581 6 39 2,155 4, 299 88,981 
Total. .-..-.-.----- 515,578 758,738 14,218 1,472 50,144 17,194 1,857,344 

Table 6.—Refiner, importer, and dealer stocks of platinum-group metals 
in the United States, December 31 
(Troy ounces) 

Year Platinum Palladium Iridium Osmium Rhcdium Ruthenium Total 
EE 422,804 427 , 450 18,374 1. 502 44,531 11,712 926,378 
196 459, 669 574,651 20, 677 2, 559 57,7387 14,311 1,129,604 
1960.2 22 Oe Tu ea 827,919 460,624 17,410 2,802 47,275 18,181 869,211 
1908... ecco 822,932 898 , 882 15,127 2,402 55,097 13,271 802, 711 
19699ꝓte . 370, 675 608,716 14,505 2,878 55,883 24,876 1,077,478 

STOCKS 


During the year, stocks of platinum- 
group metals held by refiners and dealers 
increased collectively about 34 percent and, 
except for iridium, were up individually in 
percent as follows: Platinum, 15; pallad- 
ium 55; osmium, 20; rhodium, 18; and 
ruthenium, 87.5. Iridium stocks were down 
4 percent. 


Yearend stocks of platinum and pallad- 
ium held in Mercantile Exchange deposito- 
totaled 7,100 and 117,500 
respectively, an increase of 1,300 ounces of 
platinum but a decrease of 189,000 ounces 
of palladium during the year. 


ries ounces, 


PRICES 


The producer price of platinum was 
advanced $10 per ounce in November to 
$130-$135, but prices of other platinum- 
group metals declined during the year. 
Producers cut the price of palladium four 


times during the year for a total reduction 
of $8 per ounce, from $45-$47 in January 
to $37-$39 in November. The price of iri- 
dium was reduced $25 per ounce to a 
range of 5160-5165 at yearend; rhodium also 
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was reduced $25 by producers to 
$220-$225; ruthenium was reduced $5 in 
November to $50-$55 an ounce. 

Although platinum remained in tight 
supply, premium prices quoted by dealers 
declined sharply during the year, which 
reduced the spread between producer and 
dealer quotations from $160 to $47 per 
ounce. Palladium continued in ample 
supply with dealers quoting discounts 
ranging up to $4.50 an ounce. The dealer 
price of the minor platinum-group metals 
with the exception of osmium were also 
quoted at discounts from the producer 
prices. 

The merchant market price of platinum 
opened the year at $280 per ounce and 
declined to $260 by March 1, to $240 by 
April 1, then to $200 by May 1. The price 
dropped to $170 in June, reached a low of 
$165 early in August, then advanced in 
late August to $180, reflecting the influ- 
ence of the strike against The Interna- 
tional Nickel Co., Inc. The price fell $3 
per ounce in November, closing the year 
at $177. 

A pooling arrangement by petroleum 
refiners helped to stabilize demand and 
lower the price of platinum in the mer- 
chant market. The pool arrangement per- 
mitted a member company, which needed 
more platinum than was available from its 
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producer allocations, to borrow from 
another member, with excess platinum to 
be repaid in platinum out of the borrow- 
ers later producer allocation. 

Dealer quotations on palladium trended 
downward in a range below the producer 
price. Opening at $42.50—$43.50, the dealer 
price was cut to $40.25-$40.50 in March, to 
$36.50-$37.50 in June and held steady 
until December when prices were again 
reduced to $35.50—$36. 


Dealer quotations on iridium declined 
from $180-$185 in January to $172-$175 in 
June, and to $160-$165 in September, clos- 
ing the year at $160-$162. Osmium prices 
were lowered from $230-$250 in January 
to $225-$250 in July to $200-$250 in 
November. Similarly, the price of rhodium 
was gradually reduced from $242-$245 in 
January to $239-§241 in March, to 
$232-$235 in June to $220-$225 in Septem- 
ber, and to $215-$220 in November. The 
price of ruthenium remained unchanged at 
$45. 


The 
declined in 


futures market for platinum 
harmony with merchant 
quotes. The Mercantile Exchange quota- 
tion for 4-months delivery moved down 
from $256.80 at the beginning of January 
to $165.50 at yearend. Palladium quota- 
tions for 3-months delivery declined from 


$41.40 to $32.50 per ounce during the year. 


FOREIGN TRADE 


U.S. imports of platinum-group metals 
collectively dropped 31 percent below the 
record high of 1968. Platinum imports 
were up almost 7 percent; palladium was 
down 46 percent; osmium, down 18 per- 
cent; rhodium imports.were off 42 percent, 
and ruthenium was off 43 percent, com- 
pared with imports in 1968. Imports of iri- 
dium in 1969 increased 8 percent over 


those of 1968. Of the total metals imported 
almost 52 percent was palladium and 43 
percent was platinum. The United King- 
dom shipped about one-half of the total 
platinum-group metals imported into the 
United States; 24 percent came from the 
Soviet Union with the balance distributed 
among Western European countries, 
Canada, and Colombia. 
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Table 7.—U.S. exports of platinum-group metals, by countries 


Platinum (ore, concentrates, 
waste and scrap, and plati- 
num unworked or 


Palladium, rhodium, iridium, 
osmiridium, ruthenium, and 
osmium (unworked or partly 


Year and destination partly worked) worked, n.e.c.) 
Troy ounces Value Troy ounces Value 
(thousands) (thousands) 
1901. EG 161,585 $19,248 118,267 $9,772 
1968: 
Argentina. 7 1 1,258 54 
Australa eet . ë listos 8,230 146 
Belgium-Luxembourg. ............ 30,961 1,622 2,647 85 
r ERROR Le 583 28 1,332 138 
Canada occasu EAS OUS 1,675 183 16,454 746 
France... . .. u. Coe O... 11,274 1,355 4,175 488 
Germany, West. ...............- 66,596 10,961 51,498 7,791 
Hong ⅛ è c Clete 664 38 
// TÄZ—— 222 ES 12, 006 1,410 16,562 1,500 
PPC! neas sema teu 21,928 4,581 26,898 2,515 
Miel NR REU 916 65 5,754 250 
Netherlands... .................. 19,853 8,322 8,570 979 
Netherlands Antilles .d 484 52 
SS A ³ ⁰ ⁰ AA ²˙ .ù Cf 1,438 75 
Switzerland. ..-.----------------- 2,061 89 16,682 940 
United Kingdom 54,973 7,356 13,786 2,711 
EE 22 A ⅛˙⅛9·m ee 165 24 727 29 
! A icis 222 ,998 30,997 172,159 18,522 
1969: 
Argentina... ee SSS REC 318 14 
%%/////;êÜOð A Ä Z Z 2a 2,159 90 
Belgium- Luxembourg 40, 796 2,172 6,167 222 
Brazil...22229 e ERE ss 252 48 1,751 120 
Caunadae.. ˙⁰——T—T—V—ᷓ 1; uU EE 126 84 13,650 563 
Kranselocoessseocíccsgawdexe wu cs 12,008 1,433 7,108 485 
Germany, West 64,486 11,893 134,171 6,824 
Hong Kong ------ier hsna 771 124 39 2 
Italy ee et 7,941 994 23,583 1,388 
A A 22, 958 4,185 32, 642 2, 742 
P /ô§«éðO—J A4 ĩͤ mus Ls 2 429 63 3,591 160 
Netherlands 19,794 2,975 14,661 896 
IT EE 18 1 1,120 46 
Seowitzerland ggg 3,116 311 29,912 1,904 
United Kingdom. ...............- 49,879 6,024 5,751 850 
GOM ³² ä Ene DE 395 49 922° 49 
/// ˙¹¹em TTT 228, 569 30, 856 277, 495 16,355 


Table 8.—U.S. imports for consumption of 
platinum-group metals 


Year Troy Value 
ounces (thousands) 
Ü een sus 1,321,278 $92,120 
19681. m 1,773,984 125,692 
. 2-56 ee 1,225,651 94,193 


r Revised. 
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PLATINUM-GROUP METALS 


WORLD 


Total world production of platinum- 
group metals was down slightly in 1969 
because of severe declines in Canadian 
output due to strikes in the nickel indus- 
try. There were increases in output by the 
two major producers, the U.S.S.R. and the 
Republic of South Africa, which contin- 
ued its program of expansion. 

Canada.—The Canadian output of plati- 
num-group metals in 1969 declined to 
266,100 ounces, a drop of almost 220,000 
from 1968. Most of Canada's production 
comes as byproduct of nickel mining and 
refining in the Sudbury district of Ontario. 
Strikes in this district during 1969 reduced 
the output of the platinum-group by 
about 100,000 ounces. The International 
Nickel Company of Canada Ltd. (INCO) 
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was proceeding with the development of 
five new mines and announced plans for a 
new mill and refinery. Falconbridge Nickel 
Mines, Ltd., is preparing to bring a large 
new mine into production soon. Slimes 
from INCO's Port Colborne refinery are 
shipped to Acton, England, for platinum- 
group recovery. Falconbridge ships nickel- 
copper matte to its refinery in Kristian- 
sand, Norway, and slimes from this 
refinery go to the Newark, N.J., plant of 
Engelhard Industries for final extraction 
by refining. With the forthcoming Sudbury 
area expansion of nickel output by the 
two major producers, increasing amounts 
of the platinum-group metals will be 
available. 


Table 10.—World production of platinum-group metals 


(Troy ounces) 


Country 1967 1968 1969 » 
North America: 
Canada 
Platinum and platinum group metals. ... ........... 401 ,263 485,891 266 ,100 
United States: ! 
Placer platinum and from domestic gold and copper re- 
e . ON CEN 16,865 14,798 21,586 
South America: 
Colombia: | 
Placer platinum. ee eee et 19,000 22, 280 27, 805 
Europe: 
I `Placer platinum and from platinum-nickel-copper ores . 1,900,000 2,000,000 2,100,000 
rica: 
Ethiopia: 
Placer platinum. ..........-..-..--.-.------------- 282 849 843 
South Africa, Republic of: 
Platinum-group metals from platinum ores - 825,000 850,000 950,000 
"m Osmiridium from gold ores o 7,000 14,000 14,000 
sia: 
pan: 
Palladium from refineries. .........................- 8,827 8,651 8,877 
Platinum from refineries__.__. 8,072 2,785 8,140 
Totali sos sap Add uuu ee 8,175,309 8,393,749 3,386,851 
e Estimate. p Preliminary. 


r Revised. 
1 U.S. imports include platinum group metals from other countries not listed as indigenous producers. 


2 Totals are of listed figures only. 


Colombia.—International Mining Corp. 
operated five dredges during the year in 
the Choco district and recovered 11,880 
ounces of platinum from washing 17.1 mil- 
lion cubic yards of placer gravels, com- 
pared with 13,049 ounces from 15.5 million 
yards in 1968. Dredgeable reserves at year- 
end totaled 180.6 million cubic yards with 
an average value of 17.8 cents per yard in 
gold and platinum, compared with 163.7 
million cubic yards averaging 18.8 cents 
per yard in 1968. Reserves were calculated 
at $170 per ounce for platinum at the end 
of 1969 and $200 at the end of 1968. The 


company reported that it moved a newly 
acquired 8-cubic-foot dredge to the Nariño 
area in December. It is scheduled to begin 
production in April 1970. 

South Africa, Republic of.—Output of 
platinum-group metals continued to 
expand in 1969 for the seventh consecutive 
year, with a gain of almost 12 percent over 
1968 output. Nearly all the platinum- 
group metals were produced from plati- 
num ores; however, a small amount of 
osmiridium was recovered as a byproduct 
of gold ores. 

Rustenburg Platinum Mines Ltd. (Rus- 
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tenburg), announced that its program 
designed to increase mine production of 
platinum to an annual rate of 850,000 
ounces was completed by midyear and that 
the corresponding flow of refined metal 
will become available during the calendar 
year 1970. The further expansion of pro- 
ductive facilities, announced in 1968, which 
would increase output to 1 million ounces 
of platinum, was advanced during the year 
and is expected to be fully operational by 
mid-1970 with refined output at this rate 
becoming available to the market early in 
1971. 

Rustenburg announced in August that it 
had decided to embark on a further 
expansion program designed to increase 
the company's annual productive capacity 
to 1.2 million ounces of platinum to be 
completed early in 1972. The new expan- 
sion program by Rustenburg is being car- 
ried out at the Union Section. The facili- 
tis at Matte Smelters Pty. Ltd. at 
Rustenburg will also be extended. The 
new platinum metals refinery of Rusten- 
burg and Johnson Matthey at Wadesville 
began operation in October. The refinery, 
an extension to Johnson Matthcy’s cxisting 
Wadesville plant, will in addition to plati- 
num, produce all the other platinum- 
group metals. Capacity of the extended 
refinery has been designed to accommodate 
a major part of the expanded platinum 
output of Rustenburg. 

The refinery will handle converter matte 
produced by Matte Smelters (Pty. Ltd. 
from Rustenburg flotation concentrate. 
The converter matte contains approxi- 
mately 46 percent nickel, 28 percent 
copper, and about 50 ounces per ton of 
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platinum- group metals. The matte is 
treated in the following two steps: 
Removal of nickel and copper to produce 
a rich, platinum- group metal concentrate, 
followed by chemical treatment of this 
concentrate to separate and purify the 
individual metals. A detailed description of 
the process was described in a recent tech- 
nical presentation.’ Before the Wadesville 
plant extension was commissioned the 
entire platinum- group metal concentrate 
resulting from Matte Smelter's operations 
was sent to Johnson Matthey's refinery in 
England for final concentration and sepa- 
ration of metals. 

Rustenburg disclosed during the year 
that at least 200 million ounces of plati- 
num is potentially available for exploita- 
tion in the Bushveld Igneous Complex. 
The estimate takes into account the effects 
of price inflation and of deep mining and 
its impact on working costs. 

Impala Platinum Ltd., a subsidiary of 
Union Corp. Ltd., began production opera- 
tions at au initial rate of 100,000 ounces 
per year as its Bafokeng mine. Union 
Corp. Ltd. announced that productive 
capacity at Bafokeng is to be increased to 
180,000 ounces by the second half of 1970. 

Anglo-Transvaal Consolidated is develop- 
ing its Middlepunt Farm property in the 
Lydenburg area for initial production of 
15,000 ounces of platinum per year. A 
treatment plant was built to produce grav- 
ity and flotation concentrates containing 
platinum-group ‘metals, nickel, copper, and 
gold. First shipments of gravity concen- 
trates and matte to overseas refiners were 
made in the last quarter of 1969. 


TECHNOLOGY 


Tests conducted by Engelhard Minerals 
& Chemical Corp. on fission-product rhod- 
ium, which was supplied by the Atomic 
Energy Commission (AEC) from Hanford 
reactor fuel-processing wastes, indicated 
that fission- product rhodium should be 
usable as an alloy component for platinum 
in ammonia oxidation without significant 
carryover of radioactivity into the final 
product. A substantial aging period would 
be required before either rhodium or ruth- 
enium could be accepted for common 
applications. However, special procedures 
in handling and use may permit the use 


of rhodium in some applications. It was 
further established that although each of 
the fission- produced elements contained 
radioactive isotopes, those of palladium 
are so weak in energy and long in half- 
life that such palladium may be acceptable 
for some conventional applications. 
Nudear power can therefore be seriously 
considered as a source of very substantial 
quantities of useful platinum-group metals. 
By 1982 it is expected that spent fuel will 


5 Papademetriou, T., and J. R. Grasso. Recovery 
of Precious Metals From South African Matte. 
Englehard Industries Tech. Bull, v. 10, No. 4, 
March 1970, p. 121. 
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yield 48,200 ounces per year of rhodium 
and 96,400 ounces per year of palladium.9 

The literature on platinum metals was 
greatly enriched in 1969 by a U.S. Geologi- 
cal Survey publication. This highly compe- 
tent and comprehensive work is a summary 
report on the geology of the platinum 
deposits of the world and contains an 
extensive bibliography of 500-600 refer- 
ences. Copies may be obtained from the 
U.S. Government Printing Office, Washing- 
ton, D.C. for $1.75.10 

Engelhard Minerals & Chemicals Corp. 
reported that its research on fuel cell tech- 
nology has resulted in the development of a 
power source and a complete power system 
based on a platinum catalyst. The power 
source is intended for mobile power supply 
units; the complete system can provide 
power over a long term for unattended 
operations such as microwave relays, televi- 
sion repeater stations, unmanned weather 
stations, buoys, and other remote installa- 
tions. 

In the field of air pollution, Engelhard 
reported the availibility of a precious- 
metal catalytic device to control exhaust 
fumes from engines fueled with unleaded 
gasoline, diesel fuel, or liquid petroleum 
gas. As more lead-free gasoline becomes 
available, automobiles can be equipped 
with these devices to remove pollutants 
from their exhaust streams.11 

A new series of catalysts introduced by 
Engelhard, the E-500's, are reported to be 
particularly efficient in producing lead-free 
gasoline. The growth in use of these cata- 
lysts will depend upon the compression 
ratios adopted in future automotive engine 
design and makeup of the fuels for such 
engines.12 

An interesting application emphasizing 
reliability of performance is the use of 10 
percent rhodium-platinum contacts in 
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microrelays, which are an integral part of 
an automatic landing system for a British 
aircraft manufacturer. The alloy used is in 
the form of a wire 0.017 inch in diameter, 
goldplated to 150 microinches, and sealed 
within a glass pellet. 13 

Engelhard Minerals & Chemical Corp. 
continuously reviews the precious metals 
literature and publishes summary informa- 
tion. It was indicated that approximately 
545 patents resulting from research involv- 
ing precious metals were granted during 
1969.14 Almost half of the patents awarded 
were for catalytic applications. 

The research laboratories of Johnson 
Matthey & Co. Ltd. have developed a com- 
plete range of noble metal screen printing 
inks for thick film circuits. These circuits 
can be cofired within the same time-temper- 
ature cycle, which is claimed to simplify 
and reduce the cost of circuit production.15 

In this era of increased dangers from 
airliners being hijacked or sabotaged, an 
unusual patent was granted for an auto- 
matic bomb detector. The detection is 
based on ethylene glycol dinitrate vapor 
whose presence can be detected with a 
device which contains three concentric cyl- 
inders made from platinum or gold.16 


? Rohrman, Chas. A. Nuclear Power Contribu- 
tions to the Resources of Platinum Group Metals. 
Paper presented at the National Meeting American 
Chemical Society—Symposium on platinum-group 
metals, New York, Sept. 9, 1969. 

1? Mertie, John B., Jr. Economic Geology of the 
Teu Metals. Geol. Survey Prof. Paper 630, 

p ; 

11 Metals Week. Checking Exhaust Fumes With 
Platinum. May 26, 1969. p. 23. 

1? Metals Week. Engelhard Offers New Platinum 
Catalvst. May 12, 1969, p. 22. 

13 Platinum Metals Review. dee Patent Index. 
V. 14, No. 1, January 1970, p. 

14 Engelhard Industries "Technical Bulletin. V. 
10, No. 4, March 1970, pp. 171-172. 

is Kerridge, F. E., G. S. Iles, and O. N. Collier. 
Interconnections for rd Film Circuits. Platinum 
Metals Rev., v. 13, No. 3, July 1969, pp. 86-89. 

16 Englehard Industries Technical Bulletin. V. 10, 
No. 1, June 1969, p. 22. 
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Potash 


By Donald E. Eilertsen ! 


Apparent consumption and imports of 
potash materials into the United States 
during 1969, 8.1 and 4. million tons, 
respectively, continued to smash records. 
Sales of domestic potassium salts, 5.3 mil- 
lion tons, were slightly below: the record of 


1966; and the average value of $14.62 per 
short ton for potassium salts sold by pro- 
ducers was the lowest since 1935. The down- 
ward trend in domestic production of mar- 
ketable potassium salts since 1966 was 
reversed in 1969. 


Table 1.—Salient potash statistics 
(Thousand short tons and thousand dollars) 


Item 1965 1966 1967 1968 1969 
United States 
Production of potassium salts, mar- 
a c — P 5,401 5,701 5,649 4,769 4,918 
Approximate K:0 equivalent. 3,140 8,320 8,299 2,122 2,804 
Ill sess eee $129,767 $122,210 $105,313 $75,664 $78,572 
Sales of potassium salts by pro- 

(EE 5,027 5,877 5,363 5,091 5,840 
Approximate KsO equivalent. _ 2,931 8,138 8,126 2,913 8,06 
Value at plant $121,161 $116,840 $100,566 $81,620 378, 062 
Average value per ton 724 $21 $18 16.08 $14.62 

Imports for consumption of potash 
materialass e 1,867 2,544 2,929 8,658 8,978 
SE K:0 equivalent. 1,108 1,491 1,708 2,172 2,94 
ee kks 352, 675 371.821 $78,649 378,077 $67,084 
Exports of potash materials 1,099 1,0853 1,175 1, 1,2 
S Dprormate Ka equivalent. 648 621 698 709 
Value. ....----------------- $42,494 $38,159 $39,896 $48,467 $87 , 778 
apparent consumption of potassium 
dere 5,795 6,868 7,117 r 7,418 8,059 
Approximate KsO equivalent. 8,891 4,008 4,141 r 4,837 4,700 
World: Production, marketable: 
Approximate K:0 equivalent 15,128 16,059 17,853 17,856 18,911 


r Revised. 


1 Measured by sold or used plus imports minus exports. 


Legislation and Government Programs. 
—The Department of the “Treasury 
informed the U.S. Tariff Commission on 
August 22 that potassium chloride from 
Canada, France, and West Germany was 
being sold or likely to be sold in the 
United States at less than fair value. Later, 
the Commission held hearings on the mat- 
ter under the Antidumping Act of 1921, as 
amended; and on November 21 announced 
that potassium chloride from the three 
countries will become subject to special 
dumping duties? At yearend, discussions 
on tariff assessments were underway. 


The depletion allowance rate of 15 per- 
cent on foreign and domestic production 
of potash for tax purposes was lowered to 
14 percent for taxable years starting after 
October 9, 1969. 


1Physical scientist, Intermountain Field Opera- 


tion Center, Denver, Colo. 

2U.S. Tariff Commission. Potassium Chloride 
(Muriate of Potash) from 8 France and 
West Germany Determination of Injury in In- 
vestigation Nos. AA1921—58, 59 and nder the 
Antidumping Act. 1921, as Amended. TC Pub. 
303, November 1969, 32 pp: 
———. Tariff Commission Reports Its Determina- 
tion in Antidumping Investigations of Potassium 
Chloride From Canada, France, and West Ger- 
many. News Release, Nov. 21, 1969, 1 p. 
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DOMESTIC PRODUCTION 


The downward trend in the production 
of marketable potassium salts since 1966 
was stopped in 1969. Output increased 3 
percent over 1968 to 4.9 million short tons, 
but was still 18.7 percent below the record 
established in 1966. New Mexico's produc- 
tion—4.1 million short tons—of marketable 
potassium salts represented an increase of 
2 percent over 1968; the State accounted 
for 84 percent of the national output. The 
average grade of New Mexico's mine pro- 
duction of potassium ore was 18.4 percent 
K5O compared with 18.1 percent in 1968. 
The drop in domestic potash production 
from 1966 to 1969 continued to be attrib- 
uted largely to imports of potassium 
muriate from Canada. 

Twelve firms in five States produced 
potash raw materials. They were Duval 
Corp. International Minerals & Chemical 
Corp., Kerr-McGee Corp., National Potash 
Co., Potash Co. of America, Southwest 


Potash Corp. United States Potash & 
Chemical Co. (from mines in New 
Mexico), American Potash & Chemical 
Corp. (from brine in California), Mar- 
quette Cement Manufacturing Co. (as 
byproduct in the manufacture of cement 
in Maryland), The Dow Chemical Co. 
(from brine in Michigan) , and Texas Gulf 


Sulphur Co. and Kaiser Aluminum & 
Chemical Corp. (from operations in 
Utah). 


Statistical data on production and sales 
of potash in the United States and New 
Mexico are reported for the first time in 
6-month periods to facilitate more detailed 
analysis. 

The Dow Chemical Co. revealed the ex- 
istence of huge sylvite reserves in central 
Michigan. Geologists found sylvite beneath 
an area of 13,000 square miles. No produc- 
tion is planned at present. 


Table 2.—Marketable potassium salts produced and sold or used in the United States, 
in 1969, by product 


(Thousand short tons and thousand dollars) 


Muriate of potash, 60-percent 


K:0 minimum Gross 


weight equivalent 


Standard soe a 951 
G cocus uc et ⁰ dk Seis 618 
Granular____. . eee ĩͤ 823 
/ ³o˙—w ³ ES 1,892 
Other potassium salts 2 ))) / 661 
Grand total 2277 2, 552 
Standard... e . Ue ELE 821 
Gr umasa Eee 579 
Granular. 20352525 ct ewe eee 377 
l! E 1,777 
Other potassium salts 3 l.. 589 
Grand total 2 ---- 2,366 


Production Sold or used 
K:0 Value 1 Gross Ka Value 
weight equivalent 
January-June 1969 
583 $11,179 1,162 711 $18,999 
877 8,707 725 442 10,223 
195 4,689 498 302 71,286 
1,156 24,516 2,985 1,456 31,458 
303 13,622 665 289 13,242 
1,458 38,198 3,050 1,744 44,700 
July-December 1969 
508 $8,912 822 502 $8,973 
354 7,652 579 353 ; 
229 5,104 394 239 5,381 
1,085 21,668 1,796 1,094 21,899 
261 13,706 494 231 11,463 
1,346 35,374 2,290 1,325 83,862 


1 Derived from reported value of “Sold or used.” 


? Data may not add to totals shown because of independent rounding. 
3 Figures for refined muriate and manure salts are included with potassium sulfate and potassium-magnesium. 
4 Includes sulfate manufactured from captive production of muriate. 
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Table 3.—Crude potassium salts produced, and marketable salts produced 
and sold or used in New Mexico 


(Thousand short tons and thousand dollars) 


Marketable potassium salts 


Crude salts 1 
Period (mine production) Production Sold or used 
Gross K:0 Gross KO Value 2 Gross Ka) Value 
weight equivalent weight equivalent weight equivalent 
1968: 
. 7,290 1,333 2,008 1,126 $32,688 2,456 1,886 $40,274 
uly- 
December. 7,801 1,403 2,043 1,163 80,767 1,970 1,124 29,924 
Total?...715,092 122,737 4,051 2,289 63,406 4,425 2,511 70,198 
1969: 
Ty vue: 7,962 1,472 2,117 1,194 31,742 2,591 . 1,466 87,641 
uly- 
December. 7,558 1,389 2,014 1,133 30, 293 1,842 1,055 27 , 222 
Total 2... 15,519 2,861 4,131 2,827 62,084 4,488 2,521 64,863 


r Revised. 

1 Sylvite and langbeinite. 

2 Derived from reported value of “Sold or used.” 

s Data may not add to totals shown because of independent rounding. 
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Figure 1.—Marketable production, apparent consumption, exports, and imports 
of potassium salts measured in K2O equivalent. 
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CONSUMPTION AND USES 


The apparent consumption of potassium 
salts in the United States, measured by 
sales plus imports minus exports, exceeded 
8 million tons for the first time and con- 
tinued to break records. 

Deliveries of potash, both domestic and 
imported, for agricultural and chemical 
uses in the United States, totaling 4.63 
million tons (K2O equivalent), was the 
largest on record. Potash deliveries for 
agricultural purposes soared above the 4- 
million-ton level for the first time and 
accounted for 95.1 percent of the total. 
Illinois, Iowa, Indiana, and Ohio 
accounted for 35.8 percent of deliveries for 


agriculture, while New York continued to 
be the leading recipient of potash for 
chemical purposes. 

A new potassium-based powder for extin- 
guishing fires was reportedly being pro- 
duced on a pilot-plant scale in the United 
Kingdom. The powder, obtained by reac- 
ting urea with potassium bicarbonate, is 
white, nontoxic, and 16 times more effec- 
tive in fighting fires than conventional 
sodium bicarbonate.3 


3 Phosphorus and Potassium. New Plants and 
Projects, United Kingdom. No. 43, September- 
October 1969, p. 34. 


Table 4.—Deliveries of potash salts in 1969, by State of destination 
(Short tons K: O equivalent) 


Destination Agricultural Chemical Destination Agricultural Chemical 

potash potash potash potash 

Alabama 116,432 28,963 Montana 2,612 
Arizona... .......------- 1,128 45 Nebraska. 40,451 427 
Arkansas 80,413 507 Nevada... AAA ZS usu Q 1,060 
California. __ 49,101 9,869 New Hampshire 459 53 
Colorado 7,890 486 New Jergeg. 12,024 1,715 
Connecticut. ........... 8,694 879 New Mexico............ 1,959 892 
Delaware e 18,905 14,249 New Lor 53,639 75,645 
District of Columbia 3600 North Carolina 134, 596 742 
Ferie 8 251, 538 1,157 North Dakota 8,968 
Georgia 234, 153 695 ie 277, 697 6, 620 
Hawaii 22,9800 Oklahoma. ............. 17,819 208 
Idaho 7,3988 Oregon 14, 543 908 
Illinois 568,207 26,041 Pennsylvania 46, 839 3,771 
Indiana 329, 014 5,093 Rhode Island. .......... 1,980 728 
1% — 397, 485 1,252 South Carolina 90,896 155 
Kansas 32, 456 1,266 South Dakota 7,918 70 
Kentucky... .---------- 92,604 18,058 Tennesse 110, 598 61 
Louisiana.. 61, 654 627 %Ü§A W A 204, 326 11,188 
Maing. 2-0 cR 19,398 78 FCC 835 114 
Maryland. ............. 89,718 1,687 Vermont 114, 847 16 
Massachusetts 8,888 849 Virginia 2,897 68 
Michigan............... 151,627 1,971 Washington............. 25,576 2,244 
Minnesota 259,197 751 West Virginia 8,281 5,990 
Mississippi. ...........- 67,874 2 Wisconsin 185,241 208 
Missouri.. 172,015 1,822 Wyoming 1,209 423 
Poi! 14,897,886 2228, 078 


1 Distribution of KO —1., 391, 494 tons as standard muriate, 1,612,571 tons as coarse muriate, 940,250 tons 
as granular muriate, 256,055 tons as soluble muriate, and 197, 466 tons as sulfates. 
2 Distribution of K:O— 205,242 tons as muriate, 17, 009 tons as soluble muriate, and 5, 827 tons as sulfates. 


Source: American Potash Institute, Inc., Atlanta, Ga. 
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STOCKS 


Producers' yearend stocks of marketable 
potassium salts were 723,000 short tons— 
38.5 percent smaller than those in 1968 
and 51.8 percent lower than the high of 
1.5 million short tons set in 1967. Yearend 
stocks of imported potash are not avail- 
able. 


Table 5.—Yearend stocks of marketable 


potassium salts in the United States 
(Thousand short tons) 


Stocks, Dec. 31 
Year Number of 
producers Gross . K30 
weight equivalent 
1965.... 12 892 504 
1966.... 12 1,215 690 
1967.... 12 1,501 868 
1968.... 18 1,175 676 
1969.... 12 723 892 


PRICES 


Prices of various potassium materials are 
shown in tables 6, 7, and 8. In general, the 
prices of potassium muriate produced in 
New Mexico, Utah, and Canada dropped 
sharply by yearend, whereas those for Cali- 


fornia muriate advanced. Prices of agricul- 
tural potassium sulfate increased sharply 
by yearend, while prices of chemical-grade 
potassium chloride and mine- run salts 
were steady throughout the year. 
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Table 7.—Bulk prices for potash 1 
(Cents per unit K: O) 
1969 
July 1 Dec. 1 
Produet 
Jan. Feb. 1 F. o. b. F. o. b. Oct. 1 F. o. b. F. o. b. 
Carlsbad Potasco Carlsbad Saskatoon, 
Sask. 
Muriate, 60 percent K:0 
minimum: 
Standard 29 22 28 21 ERES 21 19 
o arge 33 25 26 24 EH 27 25 
Granula 35 27 28 26 ase 29 27 
Sulfate of potash (50 per- 
cen sO minimum): 
Standard 70 75 75 75 80 T m 


Mine run salts (20 percent 


K: O minimum). ......- 17.65 


1 Carlots, f. o. b. cars Carlsbad, N. Mex., or Potasco, Saskatchewan, Canada, unless otherwise specified. 
Source: Potash Company of America, Division of Ideal Basic Industries, Inc. 


Table 8.—Bulk prices for California potash 1 
(Cents per unit K: O) 


1969 1970 
Product —OU 
Jan. Feb.-May July-Dec. Jan.-June ? 
Muriate (60 percent K: O minimum): 
‘pote EE 40 43 3 87, 42 42 
%JJ%%õö§öͤͤ ³üſſſdſſſ mw 88 44 47 s 40, 46 46 
Sulfate 652 percent K: O minimum): 
Si oA pusa 2222 Š 83 88 498, 98 98 
r ³Aöw- 88 91 96 4103, 108 108 


1 Quoted by American Potash & Chemical Corp., carlots f.o.b. Trona, Calif. Muriate quotations from price 
schedules dated June 1, 1968, July 1, 1969, and Jan. 1, 1970. Sulfate quotations from price schedules dated 


June 1, 1969, July 1, 1969, and Dec. 1, 1969. 
2 Subject to revisions. 
s Higher price began Dec. 15. 
4 Higher price began Dec. 1. 


FOREIGN TRADE 


Exports of potash materials were the 
second largest, and as usual, potassium 
chloride for fertilizer purposes was by far 
the principal material exported. Japan, 
Brazil, and Taiwan received 52 percent of 
the total potash materials exported for fer- 
tilizers; Canada and Japan received 52 per- 
cent of the potash materials exported for 
chemical purposes. 


Imports for consumption of 3.98 million 
tons of potash materials established a new 
record for the ninth consecutive year; 
muriate continued to be the major mate- 
rial (96.3 percent). Of the muriate 
imported, Canada supplied 96.9 percent 
and thus became the largest individual 
supplier of muriate for the seventh consec- 
utive year. 
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Table 10.—U.S. exports of potash materials, by countries 


Fertilizer Chemical 
: Chemicai Total Hy- Other, Total 

Destination Chloride fertilizer, droxide, n. e. e.—ñĩé%u%næu . — 

(short n. e. e. Short Value caustic (short Short Value 

tons) (short tons (thou- (short tons) tons (thou- 

tons) sands) tons) sands) 

1968: 
Australia 90,050 10, 859 100,909 32,816 174 459 633 $171 
Belgium-Luxembourg.. ......... 27,841 r 27,841 r 987 8 58 61 24 
Brazil EE 79, 862 2,621 82,488 2,191 451 1,256 1,707 869 
Canada „752 47,779 r 56,531 72,222 2,631 4,828 7,459 1,878 
Chila--.. l L esc 14,184 4,408 18,592 543 10 61 7 17 
Colombia. 13,290 10, 513 23,808 784 26 24 50 17 
Costa Rica 18,106 7,592 25, 698 597 8 614 622 26 
India. ..---------- 26,128 ....... 26,128 1,165 236 247 488 113 
Japan 382,635 37,609 1 420, 244 r 12, 646 32 825 857 75 
Korea; Republic of 121,751 10,637 182,888 3,035  J ..... 10,582 10,582 366 
exico—aͤ— 40,948 14, 187 r 55, 135 71,820 228 1,116 1,344 271 
Netherlands 28, 000 „15 r 38,1653 658 104 75 179 42 
ew Zealand 82,442 208 32,650 1,179  J ..... 59 59 22 
Pakistan 27,269 11,883 38,602 1, 552 14 369 888 77 
Philippines 21,5144 — , 584 511 7 79 88 
weden 12, 521 386 r 12,907 4710 45 45 16 
WON J. AAA 1,094 2,204 78,298 1,649  J ..... 18 18 
Venezuela. ........... 7,618 18,077 r 20,595 r 787 64 291 855 85 
Other countries 75,047 25, 026 r1100,484 r18,241 640 7,778 28,415 22,005 
Total... css uu 1,071,181 281,433 «1,802,975 r 38,8353 4,627 28,768 88,897 5,114 
1969: 
Australia............. 88,570 5,262 98,882 2,630 217 465 672 160 
Begum-Huxemboutg- S 72 111 188 11 88 241 213 
Brazil. 184,966 11,889 146,855 3,218 386 925 1,811 258 
Canada 800 59, 660 161,169 12, 556 1,487 7,098 8,530 1,480 
Gülle 19,688 8,750 28 , 483 615 105 110 86 
China-Taiwan......... 102,906 18,575 121,481 2,941 1 1 8 
Colombia... 19,021 17,669 86,690 980 41 25 66 22 
osta Hien... 12,114 10,276 22. 890 564 8 9 

maa EE Au. ea 44 27 71 21 
Japan 835,747 33,123 868,870 9,633 5,406 5, 406 237 
Korea, Republic of. _ __ 9,485 .. .... 79,485 1,7221 81 8 15 
Mexico 39,704 21, 146 160,880 11,614 48 1,812 1,860 428 
N etherlanda 6 12,3222 12,32 275 104 152 65 
New Zealand. ........ 63,517 646 64, 168 2,178 7 108 110 84 
Pakistan. o spa eee ee smdemcoev Aë EE nnb E 46 468 509 91 
Philippines 39,522 39, 522 751 5 66 71 56 
Sweden 0, 255 281 10,58 84 uu 102 102 21 
Venezuela 16, 087 1. 819 17,906 481 70 251 321 82 
Other countries 59,420 18, 068 172,969 12,547 528 6,674 7,197 1,685 
Total .----------- 1,084,141 197,275 1,282,686 33,061 2,878 28,789 26,620 4,712 


vised. 
1 Includes crude natural potassic salt fertilizer, 1968: Nicaragua 75 tons ($2,500), United Kingdom 221 tons 


($12,108), Bahamas 65 tons ($2,875); 1969: Canada 709 tons ($28, 764), Mexico 30 tons ($992), Bahamas 44 


tons ($2, 


245), Argentina 487 tons ($13, 195). 
2 Includes potassium peroxide, 1968: Jamaica 246 pounds ($200), United Kin 


om 1,960 pounds ($1,000), 


West Germany 900 5 ($800); 1969: Belgium-Luxembourg 5, 280 pounds ($681). 


1969 
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WORLD 


Australia.—The Western Australia Gov- 
ernment approved plans of Texada Mines 
Pty., Ltd., to develop the Lake McLeod 
potash deposits and the Cape Cuvier port 
facilities at a cost of over $13 million 
(Australian). Potash output reportedly 
will begin late in 1971. A proposal for at 
least 20 percent Australian equity will be 
submitted within 3 years.4 


Table 13.—World production of marketable 
‘potash, by countries 1 


(Thousand short tons K: O equivalent) 


Country 1967 1968 1969» 
North America: 
Canada............ 2,883 2,918 3,146 
United States 8,299 2. 722 2,804 
Europe: 
France...........- r2,186 2,047 2,134 
Germany: 
East. 2,432 2,527 2,585 
West r 2,712 2,823 2,853 
Italy. cc 270 e 298 309 
Spain. 629 679 617 
.S. S. R 8,161 3,439 3, 505 
Asia: Israel 331 403 408 
Total 2. 117,353 17,856 18,311 
e Estimate. p Preliminary. r Revised. 


1 Chile also produces potas -bearing materials as 
nitrate compounds; data on K:O equivalent are not 
available, but quantit ana is REN small. 

? Totals are of liste 


Canada.—Seven potash mines were in 
production in Saskatchewan for all of 1969, 
two others were brought on stream during 
the year, and a 10th was planned for com- 
pletion in 1970. The annual rated capacity 
of the nine operations was 6.92 million 
tons of equivalent KO. As a result of the 
U.S. Tariff Commission’s investigation into 
dumping of Canadian potassium chloride 
in the United States and also because of 
oversupply, low prices, and uncertain mar- 
keting conditions, the Province of Saskatch- 
ewan proclaimed potash production and 
marketing would be controlled under the 
Mineral Resources Act of 1959. The regu- 
lations known as “The Potash Conserva- 
tion Regulations, 1969", effective January 


* Mining World (Australia). V. 5, No. 3, March 
1969, p. 54. 

5 Koepke, W. E. Potash. The Canadian Mineral 
Industry in 1969, Preliminary. Mineral Resources 
Branch, Dept. of Energy, Mines, and Res. (Ot- 
tawa, Cana a). Miner. Inf. Bull. MR 102, 1970, 
pp. 92-96. 

6 Fertilizer Feed and Pesticide Journal. Canadian 
Potash Veto. V. 66, No. 9, September 1969, p. 16. 

T Bureau of Mines. Mineral Trade Notes. V. 66, 
No. 12, December 1969, p. 27 
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1, 1970, require producers to obtain licen- 
ses for potash production and disposal. 
The Minister of Mineral Resources, with 
guidance from a three-member Potash 
Conservation Board, may determine pro- 
ductive capacities, rates of production and 
disposal, prices, and other matters concern- 
ing potash. Specific regulations will be 
issued for each mine. Reportedly, the 
price of muriate containing a minimum of 
60 percent K20 was determined at 31.25 
cents per unit of equivalent K2O. 

Permission was temporarily denied by 
the Canadian Government for Hungarian 
and North American interests to exploit 
potash at Dundurn, Saskatchewan, at a 
cost of $60-$75 million. Hungary was to 
supply most of the labor and mining 
equipment to do the work. 

Texas Gulf Sulphur Co. acquired Home- 
stake Mining Co.'s 40-percent ownership of 
Allan Potash Mines near Saskatoon, Sas- 
katchewan. The remainder is owned by 
United States Borax & Chemical Corp. (40 
percent) and Swift Canadian Co. (20 per- 
cent). The mine and related facilities were 
brought into operation in 1968 and have 
a designed capacity of 1.5 million tons of 
potassium chloride annually. 


Congo (Brazzaville)—The new potash 
installation of Compagnie des Potasses du 
Congo at Holle, still in its break-in stage, 
was reported to be producing 2,000 metric 
tons of potash ore per day in October. 
The first 20,000 tons of potash was sched- 
uled for shipment from the port of Pointe 
Noire, about 40 kilometers from Holle, in 
mid-October to either Bordeaux, France, or 
Antwerp, Belgium. Output is expected to 
reach 4,000 tons of ore per day by January 
1970 and 5,600 tons per day by March. 
The plant uses flotation methods to sepa- 
rate the potash. The ore as mined contains 
39 percent potash, the richest in the world; 
Canadian ore contains about 25 percent 
potash. Despite the favorable outlook, the 
mining operation reportedly has been 
slowed down because of unexpected irregu- 
larity of the potash beds and difficulty in 
operating the huge boring machines ón 
gradients over 2 percent.? 


Israel.—Eastern Europe was a major 
market for potash before the Arab-Israeli 
conflict of 1967, with 200,000 tons con- 
tracted annually to Poland alone. The loss 
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of this market resulted in a surplus of 
300,000 tons of fine-sized potash remaining 
from 1967 output which, reportedly, will 
have to be partially reprocessed before 
marketing. Currently, the output is the 
granulated variety which is readily market- 
able. Plant expansion underway at the 
Dead Sea Works will increase production 
to 1 million tons by 1970 and 1.2 million 
tons by 1971. The latter output, valued at 
U.S. $20 million, is expected to show a 
profit even at currently low prices.8 


United Kingdom.—The United Kingdom 
may soon become an exporter of potash if 
current plans materialize. Three British 
groups will spend about $200 million to 
produce 3 million tons of potash annually 
by the mid-1970's, or four times the 1968 
consumption. Cleveland  Potash, jointly 
owned by Imperial Chemical Industries, 
Ltd., and Charter Consolidated, Ltd., hopes 
to produce potash in the Cleveland area 
(between Whitby and Teeside) by 1973 
with a capacity up to 1.5 million tons 
annually. The potash deposit, discovered 
while drilling for oil before World War II, 
is 70 feet thick although 4,000 feet deep. 
Rio Tinto-Zinc Corp., Ltd., proposes a 
plant in the same area to produce 1 mil- 
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lion tons of potash annually. Shellstar 
Ltd., wholly owned by Royal Dutch/Shell, 
also has a proposal for starting a 450,000- 
ton potash mine, the original proposal 
specifying solution mining; Armour Chemi- 
cal Industries, Ltd., has retained an inter- 
est in this venture.® 


U.S.S.R.—Output of marketable potash 
by Soviet Russia reportedly will be quad- 
rupled between 1968 and 1972 as a result 
of a crash program. The U.S.S.R. and 
Canada are the only countries which have 
almost unlimited reserves of high-grade 
potash. The four principal potash deposits 
in the Soviet Union are Solikamsk-Berez- 
niki, north Urals (north Kama Basin) ; 
Kalush and Stebnikov, western Ukraine; 
and Soligorsk, Belorussia. The north Urals 
deposit, discovered in 1926, currently 
extends over 1,800 square miles. The 
Ukraine deposits, exploited long before 
World War II, are near the Carpathian 
Mountains. The Belorussia deposit at Soli- 
gorsk, which came into production in 
1963-64, is near the Baltic Sea. Potash 
exports in 1967, totaling 1.37 million tons, 
were shipped to almost 20 countries, the 
largest quantities going to Japan, Yugosla- 
via, Italy, and Belgium.10 


TECHNOLOGY 


Solution mining experiments were con- 
ducted using a 2-foot-thick layer of sylvin- 
ite, 1,150 feet below surface and deposited 
between layers of halite, in the Carlsbad, 
N. Mex. area.11 Three wells forming an 
equilateral triangle and a center well 
located 200 feet from the apex wells were 
drilled, and a hydraulic fracture, similar to 
those used in oilfields, was started in the 
center hole about 1 foot below the potash. 
The fracture connected all holes within a 
few minutes. It migrated downward, how- 
ever, about 8 feet, forming a wedge-shaped 
body of halite between the center well and 
the apex well chosen for the two-well 
mining test. Solution mining was done 
from an injection well in three steps. The 
wedge-shaped body of halite beneath the 
potash ore was dissolved in the first step; 
the layer of potash was then mined; and 
some halite above the potash was removed 
in the third step to demonstrate that all 
of the potash was mined. A total of 8,100 
tons of halite and 1,450 tons of KCl were 


produced in the first two operations, with 
an average of almost 80 pounds of ore per 
barrel of water injected. Production of 
1,500 tons of halite and 150 tons of KCl 
occurred in the third step. 
Crawler-mounted continuous boring 
machines, crawler- mounted gathering- arm 
loaders, shuttle cars, and a belt conveyor 
were used by International Minerals & 
Chemical Corp. (Canada), Ltd., for driv- 
ing its underground multiple-tunnel 
connection between the K-1 production 


shaft and new K-2 shaft at Esterhazy, Sas- 


8 Bureau of Mines. Mineral Trade Notes. V. 66, 
No. 9, September 1969, p. 18. 

9 Oil, Paint and Drug Reporter. Potash Turn- 
About for Britian: One of World's Big Importers 
Likely To Become Big Exporter. V. 196, No. 5, 
Aug. 4, 1969, pp. 5, 51. 

10 Turcotte, R. F. Soviet Potash Industry. For- 
eign Trade (Dept. of Trade and Commerce, Ot- 
yu Canada), v. 131, No. 4, Feb. 15, 1969, pp. 


26. 

11 Davis, J. C., and D. A. Shock. Solution Min- 
ing of Thin Bedded Potash. AIME Soc. Min. Eng., 
Preprint 69—-AS-15, February 1969, 12 pp. 


946 


katschewan in 1964-66.12 The headings, 
starting in the mine workings of K-1 shaft 
more than 3,100 feet below the surface, 
were driven for a distance of 38,000 feet in 
sylvinite to intersect K-2 shaft, which was 
being sunk from surface. The continuous 
borer is capable of cutting openings 21 
feet wide by 7.5 feet high, advancing 15 
inches per minute on a full face, and 
mining 350 tons of ore per hour. Each 
loader can fill 15-ton-capacity shuttle cars 
at the rate of 15 tons per minute; the 
shuttle cars in turn haul the ore to a belt 
conveyor rated at 600 tons per hour for 
transportation to the shaft. Currently, the 
firm's Esterhazy mining operations are 
highly mechanized, and the output of ore 
through two shafts reaches 30,000 tons per 
day. 

Completion of Sylvite of Canada's potash 
facilities, the ninth firm entering the 
Canadian potash mining industry, was 
being expedited in 1970.13 By June 1969 
sinking of the two vertical shafts, 515 feet 
apart, was beyond the hazardous Blairmore 
Formation which is the major source of 
high-pressure water and is located 1,214 to 
1490 feet below surface. The perimeter 
area around each shaft was frozen solidly 
to a depth of 1,500 feet by 24 freeze holes 
using refrigerant from a 330-ton refrigera- 
tion plant. Shaft sinking in the first 1,490 
feet from the surface was done with 
paving breakers and a Cryderman mucker 
to prevent rupturing the freeze pipes by 
blasting. However, regular drilling and 
blasting techniques were employed below 
the Blairmore Formation. Sinking and 
lining techniques were used simultaneously 
in advancing the shafts. Single-sheet steel 
with concrete was used to line the shafts 
down to the Blairmore Formation; con- 
crete with cast-iron tubing was used 
through the Blairmore high-pressure water 
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formation, below which concrete alone and 
concrete with ductile cast-iron tubing were 
used where needed. A cathodic protection- 
system was installed in each shaft to 
reduce the corrosion of the metal linings. 
Ore will be mined by the room-and-pillar 
method, employing rotor borers for cutting 
the ore. Conveyors will be used for trans- 
porting the ore to a storage silo at the 
shaft. The ore will be hoisted to the sur- 
face in 24-ton-capacity skips which travel 
1,800 feet per minute. Plant facilities on 
the surface are designed to handle 2 mil- 
lion tons of ore and produce 1 million 
tons of finished product annuaily. 

Five different grouts for stopping some 
of the water flows encountered during pot- 
ash-mine shaft-sinking operations in Sas- 
katchewan together with grouting proce- 
dures and the theory of grouting were 
developed.14 

A comprehensive report on Saskatchewan 
plant engineering was published.15 The 
report discusses and comments on the 
selection of hoists and headframes, general 
plant layouts, material handling and stor- 
age, construction materials, and various 
phases of the ore processing operations 
such as sizing, removal of clay, condition- 
ing and flotation, product purification, and 
waste products. 


12 Sadler, J. F., and E. M. Berthelsen. The Tun- 
nel Connection of Two Shafts Using Continuous 
Boring Machines. Canadian Min. and Met. Bull. 
ase v. 62, No. 691, November 1969, pp. 1186- 

18 Western Miner. Sylvite Prepares for Potash 
Production in 1970. V. 42, No. 11, November 
1969, pp. 28, 30-31. 

14 Annett, S. R. The Chemical and Physical As- 
pects of Grouting Potash Mine Shafts. Canadian 
Min. and Met. Bull. (CIM), v. 62, No. 687, July 
1969, pp. 715-721. 

1$ Crocker, B. S., J. T. Dew, and R. J. Roach. 
Contemporary Potash Plant Engineering. Canadian 
Min. and Met. Bull. (CIM), v. 62, No. 687, July 
1969, pp. 729-741. 


Pumice 


By John G. Parker! 


Sales and consumption of pumice by do- 
mestic producers amounted to 3.6 million 
tons valued at $5.0 million in 1969. This 


represents an increase of 2 percent in 
quantity but a decrease of 9 percent in 
value compared with production in 1968. 


DOMESTIC PRODUCTION 


In 1969, production was from 172 mines 
operated by 143 firms, individuals, and 
Governmental agencies in 16 States and 
American Samoa. With 26 active mines 
and 23 percent of domestic output, Ari- 
zona was the leading producer for the 
ninth consecutive year. Arizona's output 
however, was down from that in 1968. Cal- 
ifornia, Oregon, and Colorado reported in- 
creased output. California had the largest 
number of active mines—41—followed by 


Oregon with 37; each State had a 22-per- 
cent share of the national output. Produc- 
tion in American Samoa came from one 
mine operated by the Samoan Government. 
Volcanic cinder composed 83 percent of 
U.S. output. Only volcanic cinder was pro- 
duced in Colorado, Montana, Oklahoma, 
and American Samoa. 


1 Physical scientist, Intermountain Field Opera- 
tion Center, Denver, Colo. 


Table 1.—Pumice, pumicite, and volcanic cinder sold or used by producers 
in the United States 1 


(Thousand short tons and thousand dollars) 


- ' Pumice and pumicite Volcanic cinder Total 
ear — n 

Quantity Value Quantity Value Quantity Value 
193. ð¹uAʃ cw REG Sus a 483 $2,442 2,888 $4,108 8,371 $6,550 
Ee 549 2,629 2,669 4,136 3,218 6,765 
)J ee 776 1,446 2,670 8,685 3,446 5,131 
19688. ⁵³ᷣ K ĩ 481 1,360 8,049 4,210 8,530 5,570 
19690. uos m 598 1,349 8,011 3,701 3,609 5, 050 


1 Values 1965-66 f. o. b. mine or grinding plant, values 1967-69 f. o. b. mine. 


Table 2.—Pumice, pumicite, and volcanic cinder sold or used by producers 


in the United States, by States 
(Thousand short tons and thousand dollars) 


State 
Quantity 

Arizona._....-.----.---.--_---------- 1,083 
California.. 776 
ieee, ß . Re 28 
JÜĩÜð2à̃ S ce SE Susa E 408 
Fe TN, EE 135 
Kansas... c loui 8 11 
Montana... MMMM 98 
Nevada................----.-....2.2.-- 62 
New Mexico 243 
et Wéi TEE 725 
hs ee Ace tM CUP PEU 8 
Other States ll 8 
NV E EE 3 , 580 
American Samoa 21 


1968 1969 
Value Quantity Value 
$974 910 $814 
1,312 866 1,229 
84 42 28 
724 403 783 
259 21 62 
10 W 
327 134 102 
144 88 188 
527 226 415 
977 875 1,139 
19 10 21 
62 89 66 
5,570 8,609 5,050 
51 : 5 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1 Kansas (1969), Nebraska, Oklahoma, Texas, Washington, and Wyoming (1969). 
2 Data may not add to totals shown because of independent rounding. 
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Figure 1.—Pumice sold or used by producers in the United States, by uses. 
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CONSUMPTION AND USES 


Road construction accounted for 53 per- 
cent of the domestic pumice consumption 
of 3.6 million tons; concrete admixtures 
and aggregates, 26 percent; railroad ballast, 
13 percent; and abrasive materials and 


Table 3.—Pumice, pumicite, and volcanic cinder sold or used by producers 


miscellaneous uses, 8 percent. Compared 
with consumption the previous year, use in 
concrete increased 12 percent and that in 


I970 


railroad ballast, 17 percent. 


in the United States, by uses 
(Thousand short tons and thousand dollars) 


1968 
Use — 

Quantity Value 

Abrasive—Cleaning and scouring compounds. ss 13 $55 
Concrete admixture and concrete aggregate 839 1,711 
Railroad ballass e 397 356 
Road construction (includes ice control and maintenance)... 2, 007 2,417 
M/ pu u ³·⁰ mmm ⁊ð y 275 1,032 
Totals. —————ÁÀ—— — 3, 580 5, 570 


1 Includes miscellaneous abrasive uses, asphalt, heat- or cold- insulating medium, landscaping, roofing, and 


miscellaneous uses 


2 Data may not add to totals shown because of independent rounding. 


1969 
Quantity 


3,609 


Value 


5,050 
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PRICES 


The average value of crude pumice sold 
or used remained at $1.11 per ton in 1969; 
the price for prepared pumice decreased 
from $2.36 per ton to $1.85. The weighted 
average value of the two types of pumice 
decreased from $1.58 per ton in 1968 to 
$1.40. The average 1969 price per ton for 
pumice used in cleaning and scouring com- 
pounds was $1.41, a decrease of $2.85 from 
the 1968 price; for concrete admixtures 
and aggregates, $1.98, a $0.06 decrease; for 
railroad ballast, $0.81, a $0.09 decrease; for 
road construction, $1.00, a $0.20 decrease; 
and for other uses, including landscaping 
and roofing, $3.15, a $0.61 decrease. 

Prices were quoted nominally in trade 


FOREIGN 


Exports of 533 short tons to 13 countries 
were 15 percent less than exports in 1968, 
but their total value increased. 


Table 4.—U.S. exports of pumice 


Short Value 
Year tons (thousands) 
19/§ö%ĩ u 2 22 298 $66 
1967_¿._... SO. sO. L 848 64 
/A zo uuu 624 54 
1969..... 222022222 538 NA 


NA Not available. 


publications. Quotations in Oil, Paint and 
Drug Reporter were changed on August 4. 
Following are the current quotations per 
pound, bags, in ton lots: Domestic, fine, 
$0.0460 to $0.0487; domestic, medium, 
$0.0510; domestic, coarse, $0.0460; imported 
(Italian), silk-screened, coarse, $0.06 to 
$0.076; fine, imported, $0.05; and, bagged, 
imported (Italian), sun dried, fine and 
coarse, $91 per ton, unchanged from 1968. 

Engineering and Mining Journal quoted 
the following prices for pumice stone per 
pound, in barrels, Lob, New York or Chi- 
cago: Powdered, $0.035 to $0.06, and lump, 
$0.06 to $0.08. These prices are the same 
as those in 1968. 


TRADE 


Pumice imports of more than $84,000 
tons were about 28 percent greater than 
those in 1968, due primarily to an increase 
of 75,000 tons (25 percent) in pumice 
used in the manufacture of concrete ma- 
sonry. Most of the imports were from 
Greece and Italy. Imports classed as crude 
or unmanufactured declined 1,012 tons (11 
percent) from 1968 to 8,424 tons, and 
pumice classed as wholly or partly manu- 
factured decreased 61 percent to 1,255 tons. 


Table 5.—U.S. imports for consumption of pumice, by class and countries 


Crude or 
unmanufactured 
Country 
Short Value 
tons (thou- 
sands) 
1968: 
Austria EE ek 
Greece t EROS 
lir. Mess 9,436 $69 
Other countries 11 SC We 
NV BEE 9,436 69 
1969: 
Austria ss P 
Greece SN nie 
/ E AA EE 8,424 81 
Other countries 3.......--- ME TM 
Totál -oron nanei 8,424 81 


1 Canada, Hong Kong, United Kingdom, and West Germany. 


Wholly or partly Used in the manu- Manu- 
manufactured facture of concrete — factured, 
masonry products n.8.p.f. 
Short Value Short Value Value 
tons (thou- tons (thou- (thou- 
sands) sands) san 
2 $5 EN — mts 
aa oin 184,080 $367 oe 
8,189 116 248 $ A 
8,191 121 299 , 049 615 17 
4 15 — — 19 
xs SIN 208,977 881 E 
1,250 84 170,629 888 20 
1 1 Ea eor 22 
1,255 50 874,606 769 61 


* Canada, Hong Kong, Japan, Malagasy Republic, Mexico, and West Germany. 
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Pumice stone, TSUS No. 519.05, for use 
in concrete products, continued to be ad- 
mitted into the United States duty-free. 
The duty on other pumice products was 
again reduced on January 1, 1970, in ac- 
cordance with “Kennedy round” agree- 
ments. Duties were as follows: TSUS No. 
519.11, crude or crushed pumice, value 
not over $15 per ton, 0.029 cents per 
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pound; TSUS No. 519.14, crude or crushed 
pumice, value over $15 per ton, 0.055 cents 
per pound; TSUS No. 519.31, grains or 
ground, pulverized or refined, 0.24 cents 
per pound; and TSUS Nos. 519.93 and 
523.61, millstones, abrasive wheels, and ab- 
rasive articles, n.s.p.f., and articles, n.s.p.f., 
9.5 percent ad valorem. 


WORLD PRODUCTION 


Table 6.—World production of pumice and related volcanic materials by countries 
(Short tons) 


Country ! 


Arpentlha?* 22552222050 980 d RaO 
Austria: Pozzolaa s 
Cape Verde Islands: Pozzola nnn 
Chile: Pozzolaaůuͤůͤunnsss LLL LL lll. 
D/ ſͥ/ ]. tuse ee eee rcs 


France: 


Pozzolan and lapilli...........................- 
Germany, West (marketable).....................- 


Greece: 


, ß e bees 
Porzellans ose 
Guadeloupe: Tuff (pozzolanic) 32 ..Q 
Guatemala: Volcanic ash (for cement: ꝛꝛ 


Italy: 


Reny „ ͤͤł⅜. 
Martinique: Pumice ⁊ D . L2 LL... 
New Zealand. aaa 
Sain ue pes RI 

nited Arab Republic .. 


United States (sold or used by producers): 
Pumice and 


e Estimate. P Preliminary. r Revised. 


ie zt lo be cee ce 
Volcanic einde) 


1967 1968 1969 p 
8 4.891 10,906 12,125 
a 24,950 20,252 22,000 
Se 8,807 9,000 9.920 
cup 147,905 172,391 198,141 
5 61,270 
A 690 650 650 
ees r 797,395 * 661,400 661,400 
EE r4,559,154 3,924,224 3, 278,300 
DO r 250,886 311,954 425,500 
3 496,976 528,597 617.300 
A UN QUE 26,455 35,274 38,580 
Ke r 48,817 46,297 49,600 
DN r 546,028 701,731 2 661,400 
See 220,500 100,300 110,200 
ss a 4,716,564 4.661.346 4.629.700 
. — 16.535 16,502 19.841 
. 8.081 18,278 8,200 
ge 120,454 186,513 187,400 
Eë 4,630 5,200 5,500 
— 716,988 481,945 598,087 
5 2,697,913 3,069,584 93.012, 427 
8 r 15,484,158 14.956, 739 14,612,541 


NA Not available. 


1 Pumice is also produced in Iceland, Iran, Japan, Mexico, Turkey, and the U.S. S. R. (sizable quantity), but 
data on production are not available. Japan's last available output figure was 110,000 tons in 1958. 

? Unspecified volcanic materials produced mainly for use in construction products. 

3 Data converted from cubic meters on basis of estimated specific gravity of 1.0 for pumice and tuff. 

* Output of material previously reported as tuff may actually represent calcareous tufa, and has been omitted 


pending clarification by source. 
$ Includes Canary Islands. 


6 Estimated on basis of 1 cubic meter = 1,300 pounds. 


7 Includes American Samoa. 


8 Total is of listed figures only. 


Rare-Earth Minerals and Metals 


By John G. Parker: 


Output in 1969 of bastnaesite and mona- 
zite expressed as contained rare-earth 
oxides (REO) rose about 17 percent over 
that of 1968. Bastnaesite concentrate pro- 
duction in California increased nearly 20 
percent. World production of bastnaesite 
and monazite mineral concentrate as REO 
rose over 25 percent. A 30-percent increase 
in apparent domestic industrial consump- 
tion during 1969, to over 8,800 tons REO 
equivalent valued at nearly $19 million, 
was due largely to increased use in petro- 
leum cracking catalysts and in glass polish- 
ing powders. Applications in color televi- 
sion phosphors increased, after the recent 
low in 1968. Sales of yttrium oxide and 
europium oxide, although still relatively 
small in quantity, formed over one-third 
of the value of total shipments of REO 
from chemical processors. 


Legislation and Government Programs.— 
The conventional war stockpile objective 
was raised on March 27 under Stockpile 
Objective Action 303 from 3,000 to 6,500 
short dry tons (SDT) of contained rare- 


earth oxide. All the materials retained by 
the General Services Administration (GSA) 
in the strategic (national) and supplemen- 
tal stockpiles were in the form of bastnae- 
site, monazite, rare-earth chloride, and 
rare-earth sodium sulfate. Of the total 
13,521 SDT held at yearend, the supple- 
mental stockpile contained 3,517 SDT, all 
as rare-earth sodium sulfate. GSA sold only 
rare-earth sodium sulfate during the year 
from the stockpile, as authorized in 
November 1967. 


The depletion allowances for domestic 
and foreign mining of monazite (a rare- 
earth and thorium ore mineral) were low- 
cred from 23 to 22 percent and from 15 to 
14 percent, respectively. Those for mining 
other rare-earth minerals from domestic 
and foreign sites were lowered from 15 to 
14 percent. The new rates were effective 
with taxable years beginning after October 
9, 1969. 


1Physical scientist, Intermountain Field Opera- 
tion Center, Denver, Colo. 


DOMESTIC PRODUCTION 


Concentrate.—Production (contained 
REO) as measured by output of bastnae- 
site and shipments of monazite increased 
about 17 percent in 1969. The Mountain 
Pass, Calif, mine and mill of Molybdenum 
Corporation of America (Molycorp) , oper- 
ating at about 55 percent of its 25,000 ton 
annual capacity, produced 13,650 tons of 
REO jn bastnaesite concentrates from 
259,000 tons of ore.2 The concentrate 
output was an increase of nearly 20 per- 
cent over that in the previous year. Ship- 
ments of concentrate, however, were about 
25 percent less than in the previous year. 
The company announced that proven 
reserves at Mountain Pass were 3.3 million 
tons, containing about 8.2 percent REO 


(about 271,000 tons REO), plus substan- 
tially larger quantities inferred by more 
widely spaced drilling. 

The firm also contracted with Republic 
Steel Corp. for exclusive purchase rights to 
heavy rare-earth and yttrium concentrates 
which may be recovered from tailings at 
Republic’s iron ore property at Mineville, 
N.Y. 

Production of byproduct monazite from 
titaniferous-zirconiferous alluvial deposits 
owned by E. I. du Pont de Nemours & 
Co., Inc., at Folkston, Ga., and worked by 
Humphreys Mining Co. was almost 10 per- 
cent greater than in 1968. On the other 


2 Molybdenum Corporation of America. 1969 


Annual Report. Mar. 26, 1970, 12 pp. 
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hand, the small output of a low-grade 
monazite byproduct resulting from opera- 
tions of American Metal Climax, Inc., at 
its Climax, Colo, mine was only about 
one-fifth of that in 1968. 

Michigan Chemical Corp., Chicago, III., 
retained on a standby basis the mining 
and concentrating operation in Bear 
Valley, Idaho, bought from Porter Bros. 
Corp. in 1966. 

Compounds and Metals.—At Mountain 
Pass, the solvent extraction unit of Moly- 
corp produced about 2-y4 times as much 
purified europium oxide as in 1968. This 
reflected an increased need for the mate- 
rial and for yttrium oxide by color televi- 
sion phosphor manufacturers. Shipments of 
lanthanum and rare-earth chlorides, made 
by Molycorp at York, Pa., W. R. Grace, 
Davison Chemical Division, at Chatta- 
nooga, Tenn., and by American Potash & 
Chemical Corp., a division of Kerr-McGee 
Corp. at West Chicago, III., indicated a 
continued large use of these materials for 
petroleum cracking catalysts. Besides Moly- 
corp, the larger chemical processors of 
rare-earth minerals, including bastnaesite 
and monazite, were American Potash & 
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Chemical Corp. and W. R. Grace, Chatta- 
nooga, Tenn., and Pompton Plains, N.]. 

High-purity rare-earth and  yttrium 
oxides were produced in Molycorp's solvent 
extraction plant at Louviers, Colo., Ameri- 
can Potash & Chemical Corp., Michigan 
Chemical Corp., St. Louis, Mich., and by 
Research Chemicals, Division of Nuclear 
Corporation of America, Phoenix, Ariz. 
Smaller producers of rare-earth compounds 
were as follows: Atomergic Chemetals Co., 
Division of Gallard-Schlesinger Chemical 
Manufacturing Corp. Carle Place, N. V., 
and Transelco Inc., Penn Yan, N.Y. Rare- 
earth silicon compounds, used as metal 
additives, were made by Molycorp, Wash- 
ington, Pa., and by Union Carbide Corp., 
Alloy, W. Va. 

Ronson Metals Corp., Newark, N.J., and 
American Metallurgical Products Co. Inc., 
New Castle, Pa., were the only two domes- 
tic producers of misch metal, most of which 
was used to make lighter flints. Producers 
of higher purity rare-earth metals included 
American Potash, Lunex Co., Pleasant 
Valley, Iowa, Michigan Chemical, Nuclear 
Corp., and Ronson. Yttrium metal was 
made by Lunex, Michigan Chemical, and 
Nuclear Corp. 


CONSUMPTION AND USES 


Rare-earth chemical processors consumed 
about 23 percent more bastnaesite, but 
twice as much monazite concentrate as in 
1968. 


Shipments from chemical processors to 
domestic consumers indicated that appar- 
ent consumption of rare-earth chemicals 
and compounds was about 8,820 tons REO, 
an increase of 30 percent over the previous 
year. The value of shipments was nearly 
$19 million, over 50 percent greater than 
in 1968. 

A breakdown of uses, based largely on 
information from processors and on actual 
data from certain consumers, showed that 
the largest use, quantitatively, as chlorides 
and hydrates, was in petroleum cracking 
catalysts. This usage increased 30 percent 
and formed almost 60 percent of the total. 
The second largest use, that of oxides in 
glass polishing, accounted for over 20 per- 
cent. The use of rare-earth compounds, 
such as hydrates and smailer quantities of 
misch metal, in steel and ductile iron was 


third, with about 8 percent of the total. 
The foregoing use of misch metal is about 
one-third of the total use of that alloy, 
which is made from rare-earth chloride; 
the other two-thirds, mixed with iron, goes 
into the manufacture of ferrocerium 
lighter flints. Misch metal production, glass 
additives employing cerium hydrate, and 
arc light carbons made from oxides and 
fluorides, account for smaller known uses 
of rare-earth compounds. Although the 
estimated use of higher purity rare-earth 
and yttrium compounds (usually the 
oxides) in phosphors and electronics 
accounted for less than 1 percent quantita- 
tively, the value comprised over one-third 
of the total value of shipments. For exam- 
ple, the value of about 50 tons of yttrium 
oxide shipments was nearly $3.7 million, 
with the value of much smaller quantities 
of europium oxide not being significantly 
less. Research and development and other 
uses, such as magnesium alloys, superalloys, 
and ceramic tile colors, accounted for the 
remainder of total rare-earth usage. 


RARE-EARTH MINERALS AND METALS 


Misch metal shipments were nearly 30 
percent lower than they were in 1968; 
those of higher purity metals were over 50 
percent lower. 

The use of europium oxide in color tele- 
vision phosphors, based on shipments, was 
about three times that in 1968. The oxide 
is used as an activator in yttrium ortho- 
vanadate, yttrium oxide, and gadolinium 
oxide hosts. The latter phosphor, recently 
developed, was stated to be 20 to 70 per- 
cent brighter than other red television 
phosphors and was priced at $154.60 per 
pound.3 The luminescent properties of 
rare-earth phosphors have led to their 
increasing use in lamps. Street lights with 
rare-earth filaments were said to produce 
four times as much illumination per 
money expended as ordinary incandescent 
lamps. | 

Rare-earth elements are used in crystal- 
line, glass, and liquid lasing hosts. Neo- 
dymium is the most commonly used rare- 
earth element in lasers. A recently 
developed neodymium-doped phosphorous 
oxychloride is a nonorganic, hydrogen-free, 
liquid laser, priced at $500 per liter. Ytt- 
rium and gadolinium are components of 
synthetic iron garnets and aluminum gar- 
nets used increasingly for microwave filtra- 
tion and control. 

Rare-earth oxides are used to polish 
eyeglasses, mirrors, television tubes, and 
camera lenses but are losing ground in the 
finishing of flat glass. The Pilkington float 
glass process eliminates the need for final 
polishing. Also, certain rare-earth oxides 
are used as glass additives. For example, 
cerium oxide is added to glass as a deco- 
lorant, holmium exhibits strong blue 
absorption, and others, such as those of 
neodymium, praseodymium, and erbium 
act as colorants, contributing purple and 
wine red, green, and pink colors to glass. 
Yellow ceramic tiles composed of mixtures 
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of praseodymium oxide and zirconium 
dioxide are receiving increased usage. Lan- 
thanum oxide has long been used as an 
additive to camera lenses to increase the 
refractive indices and decrease the disper- 
sion of the glass. Yttrium oxide is used as 
a structure stabilizer for zirconium dioxide 
in refractory applications. 

Carbon-arc electrodes, to which have 
been added rare-earth oxides and fluorides, 
emit brillianf white light, making them 
indispensable in military searchlights and 
in color motion picture photography and 
projection. 

Although the largest use of misch metal 
is still in the production of lighter flints, 
some is being employed along with other 
rare-earth material to prevent carbide for- 
mation and promote nodularity, and there- 
fore ductility, in cast iron. Misch metal, 
rare-earth silicides, and master alloys con- 
taining rare-earth metals, can be beneficial 
when added to steels, although they can 
also have a deleterious effect. They do 
remove sulfur, by promoting globular sul- 
fidization, and improve oxidation and 
mechanical properties. Careful process con- 
trol is required, however, because excess 
quantities increase brittleness and lower 
the strengths of the steels. 

A samarium-cobalt magnet, the strongest 
known permanent magnet material, was 
called one of the most significant new 
technical products of 1969. It is six times 
as strong as ferrite magnets, four times as 
strong as most alnico magnets, and twice 
as strong as those using platinum and 
cobalt. The components are cheaper than 
those of platinum-cobalt and can replace 
platinum, which is an expensive element 
obtained principally from the U.S.S.R. and 
the Republic of South Africa. 


3 American Metal Market. New Rare Earth Red 
Phosphor Developed for TV Picture Tube Manu- 
facturers. V. 76, No. 35, Feb. 24, 1969, p. 22. 


STOCKS 


Monazite concentrates held by two chem- 
ical processing firms at yearend were 45 
percent greater than at the end of 1968; 
bastnaesite held by the domestic miner of 
the mineral and by two other chemical 
processors was 30 percent lower. Stocks of 
rare-earth sodium sulfate, an intermediate 
product used by one chemical processor, 
were nearly four times higher at the end 
of 1969 than at yearend 1968. Yttrium 


oxide stocks held by seven firms were 
about 80 percent higher than at yearend 
1968; europium oxide stocks in the hands 
of two companies were 5 percent lower. 


.Misch metal stocks, mostly held by the two 


principal domestic producers, were 13 per- 
cent lower at yearend; higher purity 
metals held by five firms were 53 percent 
higher. 
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PRICES 


Prices in the United States for large lots 
of monazite were quoted periodically in 
Metals Week at $180 to $200 per long ton, 
nominal. Unleached bastnaesite, with 55 to 
60 percent REO, was quoted in ton and 
carload lots of 30 cents per pound of con- 
tained REO. Similarly, leached bastnaesite 
with 68 to 72 percent REO, remained at 
35 cents per pound, and calcined bastnae- 
site, with 85 to 90 percent REO, at 40 
cents per pound of contained REO. Con- 
centrates recovered from bastnaesite were 
priced as follows: Rare-earth oxide, 88 to 
92 percent REO, 45 cents per pound 
of contained REO; lanthanum-rare-earth 
hydrate, 65 to 70 percent REO, 50 cents 
per pound; and samarium-gadolinium, 60 
to 65 percent REO, in 250 pound drums, 
$3.50 per pound of contained REO. 

Australian monazite with a minimum of 
55 percent REO quoted in Industrial Min- 
erals for the London market, increased in 
October from £65 ($156) —475 ($180) 
per long ton, C.I.F. to £70 ($168) — 80 
($192). Prices for monazite quoted in 
Metal Bulletin (London) rose from £70 
($168) —£75 ($180) per long ton early in 
1969 to £75 ($180)—£85 (5204) in 
April. Also, Malaysian xenotime concen- 
trate with a minimum of 25 percent yt- 
trium oxide (Y2Os) content decreased early 
in the year on the London market from $3 
to $5 per pound Y203 to $2 to $4 and then 
to $2 to $3 in October. 

Prices from one firm on some low-grade 
(commercial chemicals) rare-earth com- 
pounds in lot sizes up to 100 pounds were 
as follows: Rare-earth and didymium 
chlorides, 36 cents to 55 cents per pound; 
rare-earth and didymium fluorides, $1 to 
$1.55 per pound; ceric oxide, $1.80 to $1.90 
per pound; rare-earth oxide, $1.50 to $2.25 
per pound; didymium oxide, $1.30 to $1.95 
per pound; neodymium oxide, $2.60 to 
$4.50 per pound; and ptaseodymium oxide, 
$16 to $17 per pound. 

Prices for optical-grade ceric oxide in lot 
sizes of 50 pounds or more, delivered in 
bags, remained at $1.85 to $1.90 per 
pound; for cerium hydrate in lots of 100 
pounds or more, 74 percent CeOg, $1.40 
per pound, and 77 percent CeO;, $1.74 per 
pound. Molycorp lowered contract prices 
on some of its 15 pure rare-earth oxides 
by 10 to 20 percent. For example, buyers 
could order on an annual basis 600 pounds 
of europium oxide at $475 per pound, 
7,500 pounds of praseodymium oxide at 


$14.75 per pound, or 12,000 pounds of 
gadolinium oxide at $50 per pound. Michi- 
gan Chemical Corp. reduced its price for 
phosphor-grade yttrium oxide. In lots of 
12,000 pounds or more, the price was $35 
per pound; 1,000 pounds to 11,999 pounds, 
$59 per pound; and in lesser quantities, 
$43 per pound. Prices on purified oxides 
are shown in table 1. 


Table 1.—Prices of high-purity oxides 


in 1969 
Oxide 1 Price, per pound 
i Reds $1.25- $275.00 
Europium 2.___ --------------- 475.00-1,900.00 
Gadolinium______._. 50.00- 500.00 
Lanthanum. ._ . 4.25- 200.00 
ell 8 3, 000. 00-4, 500. 00 
Neodymium 3.50- 295.00 
Praseodymiu mm 14.75- 330.00 
Samarium mn 35.00- 150.00 
rr SL LS T L S 30.00- 500.00 


! In various size lots (usually minimum 1 pound) 
and purities from five domestic producers. A number 
of the higher prices are for 99.999 percent or purer 
oxides. 

? Europium oxide, 99.99 percent pure, sold at $35 
per ounce. 

3 With one company, yttrium oxide, refractory 
grade, was the lowest priced; crystal, the highest. 
The highest price shown was for 99.9999 percent 
pure yttrium oxide. 

Quoted prices on 1 pound ingots in 50- 
to 100-pound lots of  97-percent-pure 
didymium metal, 99.9-percent-pure misch 
metal and cerium-free misch metal, re- 
mained at $15, $3, and $5, respectively. 

High-purity rare-earth metals were avail- 
able as ingot, powder, chips, or distilled. 
In general, the ingots were lower priced. 
Research Chemicals issued a new price list 
with some of the metals being shown in 


table 2. 


Table 2.—Prices of high-purity metals 


in 1969 
Price, per 
Metal ingot ! pound 
Cerium and lanthanum.............. $50- $120 
Neodymium 100— 160 
Samarium. nn, SS. SZ seks 135- 195 
Dvsproaium. 140- 340 
Y COMO Ee 145- 200 
Praseodymium. ................-..- 170- 225 
Gadolinium. ..............-.......- 220— 280 
Kuropium mmm 2,700-3,400 
E AE EEN 6,500-8,350 


1 Minimum 1 pound, produced from 99.9 percent 
grade oxide. 

Cerium metal, 99-percent pure, delivered 
in the United Kingdom, remained at £7 
($16.80) per pound, nominal. 


* Oil, Paint and Drug Reporter. Current Prices 
of Chemicals and Related Materials. V. 195, Nos. 
1-26, Jan. 6—-June 30, 1969; V. 196, Nos. 1-26, 
July 7-Dec. 29, 1969. 
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FOREIGN TRADE 


Exports of ferrocerium and other pyro- 
phoric alloys to the United Kingdom, 
Canada, Australia, Mexico, Hong Kong, 
and other countries totaled 103,169 pounds 
worth $350,586, a quantitative increase of 
15 percent. The average unit value of 
$3.40 per pound was 3 cents more than 
that of 1968. 

Imports of monazite sand concentrate 
were only slightly less than in the previous 
year and came mostly from Australia and 
Malaysia (table 3). 

Cerium oxide imports, predominantly 
from Belgium-Luxembourg and also from 
Austria and Switzerland, more than dou- 
bled to 22,049 pounds valued at $7,312. 
Only the small quantity from Switzerland 
had a high unit value indicative of special 
high-purity oxides. Also, it was reported 
that Austria shipped to the United States 
965 pounds of cerium chloride worth 
$1,356. Other cerium compounds, n.s.p.f., 
from West Germany and Austria totaled 
only 617 pounds valued at $3,488, a con- 
siderable decrease in quantity but an 


increase in unit value from those imports 
in 1968. 


Imports of rare-earth metals are shown 
in table 4. Those imported from West 
Germany in 1967 and 1968 had low unit 
values, which led to the suspicion that 
they were low-value alloys. Reported 
imports of low-value alloys (including 
misch metal) totaling 22,377 pounds valued 
at $8,024 from West Germany also are sus- 
pect. The unit value is much lower than 
that of shipments from West Germany in 
previous years and lower than quoted 
misch metal prices. Ferrocerium and other 
pyrophoric alloys totaling 17,328 pounds 
worth $91,288 were received from Japan 
(over 80 percent of quantity and 86 per- 
cent of value), West Germany, the United 
Kingdom, Austria, France, and Switzerland. 
These imports quantitatively were only 
about 75 percent of those received from 
the six countries in 1968. The unit value, 
$5.27 per pound, was more than that for 
1968 owing principally to the higher value 
of the Japanese material. 


Table 3.—U.S. imports for consumption of monazite, by countries 


1965 1966 1967 1968 1969 

Country Short Value Short Value Short Value Short Value Short Value 

tons (thou- tons (thou- tons (thou- tons (thou- tons (thou- 

sands) sands) sands) sands) sands) 
Australia 1,278 $111 1,542 $176 1,540 $195 2,810 $369 2,478 3300 
Brazil. 64 6 MX — £o ad T Me zen xm 
Ceylon 141 14 SET Sab Geen is ed Ge BECH ER 
Germany, West. _ E PER o ac 24 4 24 4 — anu 
Hong Kong...... Ge -— "T €: Liag acc — icu 167 20 
Indonesia........ n des —— Ge 72 13 RN — E PM 

Korea, 

Republic of 22 2 s LE 49 7 idc o is "s 
Malaysia 447 50 785 92 273 38 1,514 188 1,561 174 
Nigeria 76 6 EN xu 133 13 19 2 zoo wee 
South Africa, 

Republic of pe "e 115 9 m puru —— SH = 3 

Total. 2,028 189 2,442 277 2,091 270 4,367 563 4,206 494 

ThOs content e 120 XX 145 XX 125 XX 262 XX 252 XX 

e Estimate. XX Not applicable. 
Table 4.—U.S. imports for consumption of rare-earth metals 
(Including scandium and yttrium) 
1967 1968 1969 
Country 

Pounds Value Pounds Value Pounds Value 

Germany, West 11,023 513, 396 3,355 $138,516 "m D 
);ö§Üé%½iàn ⅛ ee ash "Uo 5 1,070 254 $22,916 
US E. A; À— 34 11,012 7 5,952 83 10,585 
United Kingdom 9 5,744 7 5,131 6 6,312 
( n aaau anaE 11,066 30,152 3,374 25,669 293 39,813 
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WORLD REVIEW 


Australia.—Production of monazite con- 
centrate during the first 6 months of 1969 
was 2,154 short tons, with an average 
grade of 90 percent monazite. 5 Ilmenite 
mines in Western Australia accounted for 
82 percent of this production; the rest was 
byproduct of rutile and zircon production 
along the east coast in Queensland and in 
New South Wales. Although most of the 
monazite concentrate was exported, some 
was processed locally and offered as a 
rare-earth hydrate. 

Brazil.—Besides being a producer of 
monazite, Brazil also processed monazite to 
rare-earth chloride (2,175 tons), carbonate 
(21 tons), and oxide (21 tons). An undis- 
closed quantity of misch metal also was 
produced. 

Burundi.—Production for the 3 years 
1967 through 1969 of bastnaesite concen- 
trate containing 68 to 70 percent rare- 
earth oxide was 331, 579, and 661 short 
tons, respectively. The one mine at 
Karonge in Bujumbura Province is oper- 
ated by Société Minerale de Karonge 
(SOMIKA). 'This is believed to be the 


Table 5.—World production of monazite 
concentrates, by country 


(Short tons) 

Country i 1967 1968 1969 » 
Australia r 2,590 2,287 4, 250 
Brazil.............- 1,189 1,202 2,208 
Ceylon 22 46 62 
India.. u.c. e2,900 » 2,900 3, 850 
Korea, South........ 14 NA N 
Malagasy Republic 28 2 NA 
Malaysia. „060 22,856 2,400 
Nigeria 3............ 126 7 14 
Thailand n 44 72 

Total *........ 7,929 8,844 12,851 

e Estimate P Preliminary. r Revised. 


NA Not available. 
.! United States production data withheld to avoid 

disclosing individual company confidential data. 
Monazite is produced in Indonesia, North Korea, 
and the Congo (Kinshasa), but quantities are insigni- 
ficant or not available. 

2 Exports. 

s Year ended March 81 of year following that 
stated. 
4 Totals are of listed figures only. 


only free-world production of bastnaesite 
outside of the United States. Although sev- 
eral hundred tons of bastnaesite were 
shipped from deposits in Malawi and Mal- 
agasy Republic, these mines were report- 
edly inactive at yearend. 6 
Canada.—Production of yttrium oxide 
from uranium milling continued to 


decline, dropping in 1969 to 86,127 pounds 
valued at $625,000, compared with 1968 
production of 111,326 pounds valued at 
$865,000. 

Finland.—Reports indicate that light 
rare-earth oxides will be recovered by 
Typpi Oy, Oulu, from Kola apatite resi- 
dues at a potential rate of 400 tons of 
rare-earth oxide per year. 7 


India.—Construction during 1969 
advanced on the new Chavara sand treat- 
ment plant in Kerala State, which will 
have an annual output of 645 short tons of 
monazite, along with 110,000 short tons of 
ilmenite, 6,450 short tons of rutile, and 
7,700 short tons of zircon.8 


A modern production record of 3,850 
short tons of monazite was reported for 
1969. The concentrate was processed at the 
Alwaye plant, Kerala State, of Indian Rare 
Earths Ltd. to produce rare-earth chlor- 
ides, oxides, fluorides, and nitrates. Euro- 
pium and yttrium compounds were pro- 
duced on a small scale. Most of the 
rare-earth production was exported to 
European, Japanese and United States 
markets. 

Japan.—Output of high-purity cerium 
was 255,700 pounds. Shin-Etsu Chemical 
Industry Co. Ltd. entered into an agree- 
ment with Molycorp to produce the heavy 
rare-earth. subgroup, from terbium through 
lutetium, partly from raw materials sup- 
plied by Molycorp. Most of the output 
will be marketed in the United States 
through Molycorp. ? 

Malaysia.—In addition to producing 
monazite, this country produced and sold 
about 170 tons of xenotime, an yttrium 
phosphate mineral, recovered as a byprod- 
uct in the mining of tin minerals. 


South-West Africa.—The Ondurakorume 
carbonatite intrusion near Kalkfeld 
between Tsumeb and Walvis Bay was 
investigated and found to contain substan- 


s The Australian Minerals Industry. Part 2— 
SE Statistics. V. 22, No. 2, December 1969, 
p. 12. 

$ Cannon, Joseph G. Rare Earths. Eng. and 
Min. J., v. 171, No. 3, March 1970, pp. 90-92. 

1 Mining Annual Review, Mining Journal (Lon- 
don). Rare Earths. June 1969, p. 86. 

3 Journal of Mines, Metals & Fuels (Calcutta). 
V. 17, No. 12, December 1969, p. 445. 

? Industrial Minerals (London). Molycorp Mar- 
SUE All the Rare Earths. No. 19, April 1969, p. 
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tial quantities of rare-earth elements that 
might be recovered as byproducts of apatite 
together with strontium- and columbium- 
bearing minerals. The cerium oxide content 
of some samples was about 1 percent.10 
United Kingdom.—Rare Earth Products, 
Ltd., owned jointly by Thorium Ltd., and 
johnson Matthey Chemicals Ltd., commis- 
sioned a new plant at Widnes in Lanca- 
shire for the production of high-purity 
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rare-earth metals and compounds. 11 The 
plant, which is managed by Thorium Ltd., 
purified rare-earth oxides produced in an 
adjacent solvent extraction plant. 'The 
annual capacity includes up to 110,000 
pounds of  praseodymium oxide. The 
extraction process used by Thorium Ltd. 
has been licensed to Molycorp and to 
Nippon Yttrium Corp. 


TECHNOLOGY 


Promethium is a fission product of the 
operation of nuclear reactors, being 
recovered from wastes generated in repro- 
cessing the spent nuclear fuel. The 
radioactive heat of promethium as it decays 
has led to the consideration of the metal 
as a specialized heat or power source. Mul- 
tigram quantities of metallic promethium 
were made by scientists at Battelle-North- 
west by reducing a mixture of promethium 
chloride, calcium, and iodine at 700° to 
800° C. in a magnesia-lined steel con- 
tainer. The 97-percent-pure reaction prod- 
uct was refined by melting in an inert 
atmosphere and evaporating the impurities 
from the surface of the molten metal. This 
resulted in a 99.9-percent-pure metal. 


The potential of certain  rare-earth 
cobalt compounds as permanent magnets 
has led to research on production meth- 
ods. Instead of using high-cost, high-purity 
rare-earth metals, scientists at the Bureau 
of Mines used oxides as a feed material. 
The electrolysis was performed in a cell 
with an inert atmosphere, using the indi- 
vidual rare-earth oxide, a cobalt cathode, 
and an electrolyte composed of lithium 
fluoride and that of the particular rare- 
earth metal.12 Other investigations on 
rare-earth materials by Bureau personnel 
included the electrodeposition of rare 
earth-ferrous alloys and the separation of 
purified rare-earth metals by vacuum dis- 
tillation, and differential thermal analysis 
measurements of the potassium fluoride-yt- 
trium trifluoride system.13 


Europium continued to be used as an 
activator in red color television phosphors. 
It has been found that europium-activated 
yttrium oxide provides a better host mate- 
rial than yttrium orthovanadate because it 
is 52 percent brighter. A gadolinium oxide 
host, activated by europium, was intro- 


duced and claimed to improve television 
tube brightness by 20 to 70 percent. 
Other host materials having distinctive 
fluorescent properties included rare-earth 
tellurates and phosphates. Uranium-acti- 
vated yttrium, lanthanum, gadolinium, and 
lutetium tellurates emitted green radiation 
under stimulation from ultraviolet or cath- 
ode-ray excitation. The red-emitting euro- 
pium-activated rare-earth tellurates have 
only 40 percent the luminous efficiency of 
the europium activated yttrium ortho- 
vandate. 14 Phosphor research was carried 
out on cerium-activated yttrium phosphate 
and on rare-earth phosphates, excluding 
those of lanthanum, promethium, and lute- 
tium. Sensitized by thorium ions, the ultra- 
violet-emitting YPO4:Ce phosphor was said 
to be much more efficient than the com- 
mercially used BaSigOs:Pb phosphor when 
excited by a low-pressure mercury discharge 
lamp. 15 


Cerium- and europium- activated phos- 
phors were described in a number of tech- 
nical articles. Ce 3+-activated yttrium sili- 
cates, Y2SiOs and Y2SigO7, were said to have 


1 South African Mining and Engineering Jour- 
nal. The Rare Earths. V. 80, Pt. 2, No. 53988, 
July 11, 1969, p. 65. 

Industrial Minerals (London). Rare Farths 
deri Commissioned at Widens. No. 21, June 1969, 


12 Morrice, E., E. S. Shedd, Wong, and 
T. A. Henrie. Preparation of NGobalt. Rare -Earth 
Alloys by Electrolysis. J. Metals, v. 21, No. 1, 
January 1969, pp. 34-37. 

13 Morrice, E., J. E. Murphy, and M. M. Wong. 
Preparation of Rare-Earth and Yttrium Metals 
by Electrodeposition and Vacuum Distillation of 
Alloys. Bu Mines Rept. of Inv. 7308, 1969, 11 pp. 

Porter, Bernard, R. E. Meaker, and P. R. 
Bremner. Phase Diagram for the KF-YFs System. 
BuMines Rept. of Inv. 7246, 1969, 8 pp. 

* Natansohn, S. Luminescence Properties of 
Rare Earth Tellurates. J. Electrochem. Soc., 
116, No. 9, September 1969, pp. 1250-1254. 

15 Awazu, Kenzo, and Katsutoshi Muto. YPO::Ce 
Phosphor Sensitized by Thorium Ions. J. Electro- 
Sa ae v. 116, No. 2, February 1969, pp. 
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better properties than others which have 
detrimental afterglows. 16 Europium lumi- 
nescence in a number of phosphor systems 
was studied. 17 In the paper on europium 
in the alumina-silica system, the author 
discussed the blue and green emissions of 
the divalent europium ion. The red color 
of a LiYOs:Eu phosphor is about 1.5 times 
brighter than the commercial YVO,:Eu 
phosphor, but is unstable in the presence 
of organic materials now used in tube fab- 
rication processes. Rare-earth red-emitting 
phosphors, their relative brightness, and 
those in commercial use were discussed. In 
testing the milling, acid, and temperature 
stabilities, it was found that currently the 
most practical red components for color 
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television tubes are YVO,4:Eu; YVO,:Eu, Bi; 
and Y5O5S: Eu. 


1$ Gomes de Mesquita, A. H., and A. Bril. The 
Afterglow of Some Old and New Ce*+-Activated 
Phosphors. J. Electrochem. Soc., v. 116, No. 6, 
June 1969, p. 871. 

Y Jaffe, P. M. Eu?“ Luminescence in the Tern- 
ary EuO-Al2Os-SiO» System. J. Electrochem. Soc., 
v. 116, No. 5, May 1969, pp. 629—633. 

Jaffe, Philip M., and John D. Konitzer. LiYOs:- 
Eu as a Red Phosphor. J. Electrochem. Soc., v. 
116, No. 5, May 1969, pp. 633—636. 

Kano, Tsuyoshi, and Yoshiro Otomo. Effects of 
Impurities on the Luminescence Processes in 
YVO.:Eu. J. Electrochem. Soc., v. 116, No. 1, 
January 1969, pp. 64—68. 

Trond, S. S., J. S. Martin, J. P. Stanavage, and 
A. L. Smith. Properties of Some Selected Euro- 
pium-Activated Red Phosphors. J. Electrochem. 
Soc., v. 116, No. 7, July 1969, pp. 1047-1050. 

Wachtel, A.  Eu?*-Activated  Aluminosilicate 
Phosphors. J. Electrochem. Soc., v. 116, No. 1, 
January 1969, pp. 61—64. 


Salt 


By Mark H. Hibpshman 


Expanded industrial requirements 
resulted in a continued increase in domes- 
tic salt production. Most of the additional 
output was consumed by the chemical 
industry in the manufacture of chlorine, 
soda ash, and other chemicals. Total pro- 


duction increased to a record high of 44.2 
million short tons, which represented a 7- 
percent increase in quantity and a 6-per- 
cent increase in value over those of 1968. 
Minor decreases were registered for 
imports and exports. 


Table 1.—Salient salt statistics 


(Thousand short tons and thousand dollars) 


United States: 
Sold or used by producers 


LE EE 
Consumption, apparent 
World: Production — 


1965 1966 1967 1968 1969 
34, 687 36, 463 38,946 41,274 44,2 
$215,699 $229,985 $251,210 $272,275 $287,680 

688 662 678 728 716 
$4,285 $4,472 $4,588 $4,650 $4,486 
,410 2,479 2,843 3,456 3,302 
$6,505 $6,464 $8,541 $11,487 $11,990 
36,409 38,280 41,111 44,002 46,831 
119,730 122,274 131,092 139,248 147,571 


DOMESTIC PRODUCTION 


Seventeen States recorded salt production 
in 1969. Eighty-six percent of the output 
from Louisiana, Texas, Ohio, New Vork, 
and Michigan. 

Salt was produced by 52 companies at 99 
plants in the United States and Puerto 
Rico. Twelve companies, each producing 
more than 1 million tons, operated 44 
plants, which combined, accounted for 88 
percent of the total U.S. output; fifteen 
companies, whose production was less than 
1 million tons but greater than 100,000 
tons, operated 26 plants and accounted for 
10 percent of total production; and 25 
other companies, whose individual produc- 
tion was less than 100,000 tons per year, 
operated 29 plants to supply the remaining 
material. 

Twelve plants, each with an annual pro- 
duction of over 1 million tons, accounted 
for 57 percent of total domestic produc- 
tion; 15 plants producing 500, 000 to 1 mil- 
lion tons yearly accounted for 23 percent. 
The remaining 20 percent was supplied by 
72 plants. 

The year 1969 was one of unusual 


growth in the salt industry, both domesti- 
cally and worldwide. In February, Morton 
Salt Company announced a $30 million 
expansion of its salt facilities in the 
United States. The expansion included a 
$20 million rock salt mine in western New 
York. Contracts for development were 
awarded, and shaft construction started. 
The mine was slated to produce 2.5 mil- 
lion tons of rock salt per year. Other pro- 
duction facilities included in the expansion 
were a $2 million enlargement of the com- 
pany’s mine at Fairport Harbor, Ohio; a 
$900,000 shaft at Grand Saline, Tex., pri- 
marily for mine safety; and a $1 million 
mine expansion at Weeks, La. In addition 
to mine expansion, evaporating plants at 
Silver Spring, N.Y., Port Huron and 
Manistee, Mich., Hutchinson, Kans., 
Newark, Calif., and the solar evaporation 
plant at Great Salt Lake, Utah, were to 
undergo expansion. A collective total of 
about $6 million was slated for improve- 
ments at these plants. The company 


1 Geologist, Bureau of Mines, Spokane, Wash. 
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installed an air pollution control device 

that began operation in early 1969 at the 

Rittman, Ohio, plant.2 
The Carey Salt Co. 


(Canada) Ltd. 


reported plans for conversion of the old 


Bestwall Gypsum Co. facilities at the Port 
of New Orleans, La., into a salt-processing 
plant by 1970. Raw material for the new 
facility is to come from Carey's Cote 
Blanche rock salt mine in St. Mary Parish. 


The operation will process salt for 
industrial, agricultural, and municipal 
markets. 


Cargill, Inc. has indicated it will spend 
up to $2.5 million to expand salt produc- 
tion capacity at its Pawnee Rock, Kans., 
plant. The plant now produces industrial 
salt and water-softening pellets; the new 
facilities are to increase production of both 
those products and add agricultural live- 
stock blocks.3 The expansion is to be com- 
pleted by 1972. 

Cargill has also indicated that it will 
adopt all 12 safety recommendations made 
by the U.S. Bureau of Mines subsequent to 
the mine disaster that killed 21 men on 
March 5, 1968. The two principal recom- 
mendations were the installation of ade- 
quate fire-fighting facilities in the mine 
and construction of a separate shaft for 
use as an escapeway.4 

International Salt Co. has announced 
plans to double the capacity of its Retsof 
mine at Retsof, N.Y. The mine presently 
has a production capacity of 3.5 million 
tons per year, exceeding that of any other 
rock salt mine in the nation. The project 
includes plans for a new shaft to develop 
a new 317-acre tract recently acquired by 
the company.5 
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Wyandotte Chemicals Corp.s new 
10,000-foot brine well, reportedly the deep- 
est in the world, has been completed and 
shut in. The well will be used as needed 
to feed the company’s new $20 million 
chlorine-caustic soda plant that went on 
stream in March of 1969. 

The Dow Chemical Co. began a $1.5 
million pollution control program at its 
chlorine-caustic soda, Midland, Mich., 
plant to remove organics and recycle brine 
to control water pollutants entering the 
Tittabawassee River.e 


Western Salt Company started construc- 
tion of a 240-acre solar evaporation salt 
facility in western Oklahoma. Initial 
investment was reported at about $600,000. 
The company will use the entire output 
from flowing artesian brine wells. The salt, 
to be processed into 26 different products 
ranging from table salt to rock salt, will 
be marketed in Oklahoma, New Mexico, 
Colorado, and Kansas. An added benefit of 
the new plant will be the reduction of salt 
now entering Lake Texoma located on the 
Red River on the Oklahoma-Texas line.7 


i 2 Morton Salt Co. News Release. Mar. 20, 1969, 
pp. 

3 Kansas ee Development Report. Sep- 
tember 1969, p. 

4 Department a the Interior News Release. 
Bureau of Mines Reports on 5 of 
Louisiana Mine Fire. Feb. 14, 

5 Skillings' GEIER Review. V. 58, No. 24, June 
14, 1969, p. 

6 Shannon, 5 S. Statement to the Michigan 
Water Resources Commission by The Dow Chem- 
ical Company. Jan. 16, 1970. 

7 PEP Oklahoma Industrial Development and 
Park Department. New Salt Plant To Double as 
Lake Pollution Control. V. 5, No. 8, August 1969, 
p. 1. 


Table 2.—Salt sold or used by producers in the United States, by methods of recovery 
(Thousand short tons and thousand dollars) 


1968 1969 
Recovery method 
Quantity Value Quantity Value 
Evaporated: 
Bulk: 
Open pans or grainers._..-......---------.- 822 $8,518 832 $8,827 
Vacuum pan 2,948 69,253 8,055 78,100 
Te EE 1,900 12,805 1,907 13,004 
Pressed bloeka ----------------------MMM 857 9,246 869 9,622 
M/ ³·¹www . ⁰ m AAA 5, 522 99, 822 5,663 104,553 
Rock: 
Ee 12,376 77, 546 13,314 84, 100 
Pressed blockk „ 85 2,821 83 2,352 
EE 88 12,461 79 , 867 13,897 86,452 
Salt in ele (sold or used as such). )))) 23,291 92,586 25,185 96,675 
Grand ta. Z usu a mu mus 41,274 272,275 44, 245 287, 680 
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Table 3.—Salt sold or used by producers in the United States 


(Thousand short tons and thousand dollars) 


1968 1969 
State — V — F T 
Quantity Value Quantity Value 
Gille 1.901 W 1, 895 W 
///! 8 1,128 $15,520 1,270 $17,090 
BT ß 8 10,908 53,854 12,43 61,102 
AM eed Seco EU A i cas 4,893 44,481 4,819 45,961 
New York: cases ok eo ce eee . 5,218 42,488 5,582 45,561 
D mM 5,713 43,172 5, 844 43, 519 
Gabe 8 44 
J))/%%)ECöĩ d Z Z eet sue 8,584 42, 668 9,261 48,012 
Lë TEE )))). ³ð yd y SE 405 3,756 4,489 
West Virginia 1,308 4,971 1,309 4,978 
Other s e 1. 259 21, 826 1,340 21,967 
WK EE 41,274 272, 275 44, 245 287, 680 
, ß ß muu e n 32 395 32 395 


W Withheld to avoid disclosing individual company confidential data; included with Other States.“ 
1 Quantity and value of brine included with “Other States.” 


* Includes Alabama, Colorado, Hawaii, Kansas (brine only), Nevada, New Mexico, North Dakota, Virginia 
and State indicated by symbol W. 


Table 4.—Evaporated salt sold or used by producers in the United States 


(Thousand short tons and thousand dollars) 


1968 1969 
State ——————————— ———————— 

Quantity Value Quantity Value 

pe T ICM Ep 8 556 $12,875 623 $13,810 
(ËTT TEE 293 7,183 277 7,598 
Mel erea auaa aaa 1,068 25,497 1,137 27,552 
F! 2 mec yy y suu 2 iue W 17,183 W 17,148 
//ͤö;— d nas uuu a EO T 768 W 774 W 
Fr ĩ³o»i¹wꝛiA ⁰˙imwã m. 5 37 5 42 
Other States ij 2, 887 37,047 2,847 88,408 
Ku D WEE 5,522 99,822 5,663 104,553 
C ↄ ² “] aaa meti teu ma be te 82 895 82 895 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1 Includes California, Hawaii, Nevada, North Dakota, Texas, Utah, and States indicated by symbol W. 


Table 5.—Rock salt sold by producers 
in the United States 


(Thousand short tons and thousand dollars) 


Year Quantity Value 
1968... 8 9,810 $57,710 
196000 8 10, 080 61,118 
LEE 11,661 71,958 
19888«öĩ icud ennes 12,461 79.,867 
19899 8 13,897 86,452 


Table 6.—Pressed-salt blocks sold by original producers of salt in the United States 


(Thousand short tons and thousand dollars) 


S From evaporated salt; From rock salt Total 

ear — — — — ———— — i 7v 
Quantity Value Quantity Value Quantity Value 

1 9§Üo ͤ K ĩð €x 375 $8,701 68 $1,767 443 $10,468 

19666 328 8,529 60 1,682 888 10,211 

19671; _¿.¿... ei E 844 8,367 68 1,858 407 10,220 


1968 , 
1989 8 369 9, 622 83 2,902 452 11,974 
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CONSUMPTION AND USES 


The chemical manufacturing industry 
continued to use over two-thirds of the 
domestic salt output. Forty-three percent 
of the domestically produced material was 
used to make chlorine and caustic soda; 15 
percent was used to manufacture soda ash; 
and 6 percent was used for other chemi- 
cals. 

The second largest consuming use was 


for snow and ice removal and roadbed sta- 
bilization, which required 16 percent of 
total output. Salt assumed to be for table 
use represented 2 percent of the total. The 
use of salt for regeneration of water sof- 
tening systems was 799,000 tons, a 1.7-per- 
cent decrease from 1968 consumption. Fif- 
ty-seven percent of total consumption was 
sold or used in the form of brine. 


Table 7.—Salt sold or used by producers in the United States, by classes 
and consumers or uses 


(Thousand short tons) 


1968 1969 
Consumer or use 
Evap- Rock Brine Total  Evap- Rock Brine Total 
orated orated 
Chlori neee 328 1,593 14,810 16, 731 302 1,546 17,089 18,937 
Soda a3 W 6,972 6,974 w W 6,658 6,659 
Soap (including detergents)........ 29 7 Se 36 29 w w 36 
All other chemicals W 1,775 W 2,391 W 1,815 W 2,641 
Textile and dyeing................ W 98 W 244 130 80 duc 210 
Meatpackers, tanners, and casing 
manufacturers W 389 W 694 262 356 Se 618 
Fishing: os s Tau S 15 5 EES 20 14 4 T 18 
REG 47 5 e 52 45 5 S 50 
Canning. oc hee es 189 W 246 155 W W 213 
Baking... ¼˙mDꝛůů W Se 117 101 5 VN 106 
Flour processors (including cereal). _ 62 9 SCH 71 60 w w 68 
Other food processing 158 W W 201 145 w W 177 
Ice manufacturers and cold storage ' 
companies W 7 W 15 w 6 w 11 
Feed dealers 764 466 --. 1,280 765 415 --. 1,180 
Feed mix ers 297 W 491 342 192 PN 534 
Metals. eic SO ER 69 199 mcd 268 W 137 W 210 
Ceramics (including glass) 5 11 SEN 16 5 11 ie 16 
MD DCF feos sis ⁵ eee W W 125 44 38 73 155 
));.ö . LZ Sus uyu rede T 2 54 51 87 192 48 49 83 180 
Paper and pulp... . w 144 w 321 157 w w 341 
Water softener manufacturers and 
service companies 419 W w 813 890 401 8 799 
Grocery stores 669 397 T—— 1,066 634 447 "n 1,081 
Railroads 7 25 = 32 5 25 Son 80 
Bus and transit companies 2 13 SE 15 1 12 M 13 
States, counties, and other political 
subdivisions (except Federal) 230 5,518 8 5,751 844 6,561 4 6,909 
U.S. Government 31 3 W 68 W 32 W 5 
Miscellaneous 1.094 1,062 938 3,094 1,232 1,020 746 2,998 
Undistributed II. 1,053 65 427 SN 453 240 524 S 
i rda u 5,522 12,461 23,291 41,274 5,663 13,397 25,185 44,245 


W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 
1 Includes some exports and consumption in overseas areas administered by the United States and items 


indicated by symbol W. 
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Table 8.—Distribution (shipments) of evaporated and rock salt in the United States, 
by destination 


(Thousand short tons) 


1968 1969 
Destination 
Evaporated Rock Evaporated Rock 
Alabama- - -------------------------- 44 850 54 444 
: ))))üͤ 86 8 W 13 ode 
ATIZ0682: EE W 5 W 7 
Arkansas__. d T ees 18 96 19 83 
Salfennñnnnn ace Gus 852 W 955 W 
LR D EEN 107 41 123 32 
Connecticut. |... . 2L LL LLL LLL .l ll 22 W 26 

Deilaeare -2-2 -MMMMMMMM 8 w 7 W 
District of Columbia. 4 W 3 1 
Florida MR NM ENS 31 99 31 108 
i, M 57 222 58 W 
HAI ³ð W ie w max 
W080 EE 44 W 52 W 
mino ce ec ee See eee ass 295 635 296 875 
er EE 143 876 142 887 
OWS EEN 176 225 178 811 
e, TEE 90 201 79 234 
Kentucky... e M 43 465 39 481 
Louisiana.......-....-........-....-- 85 485 81 808 
Mall... Sete uum Z S te 13 WwW w 155 
Maryland. - - ------------------------ 76 41 W W 
Massachusetts 60 399 82 472 
Minis 2222526 163 W 172 685 
Minnesota... . e 146 269 130 499 
Mississippi. ii 25 72 26 79 
TT Th te WEE 81 898 93 265 
Mon tas 46 1 48 1 
Neis ĩ ⁵˙¹u ⁵ 88 92 171 87 91 
Nerd . . oe eenERO TIAE 27 w W W 
New HampsHire.....................- 10 w w W 
New Jerse -. . . 167 492 185 w 
New Mexico 10 82 16 84 
New erk 332 1,742 353 2,008 

North Carolina 112 190 111 14 
North Dakota 47 4 35 6 
OhlUs2: ( 88 300 1,124 807 952 
Oklahoma. ..............-.-.-.-..-.... 41 60 43 51 
Oregon- isos . ecd ss 29 W 28 W 
Pennsylvania........................ 208 986 200 867 
Rhode Island... 12 71 10 w 
South Carolina 88 23 84 22 
South Dakota_----------------------- 42 19 62 27 
Tennessee 122 366 116 W 
17J77;·ĩ˙¹wwAA ; us d Sha 111 518 115 441 
17;§;—⅝%t ] ͤ ͤ0— mt 88 121 W 122 W 
Vermont. .___...._-.-.-------------_-_ 6 W 6 W 
IÜ· ˙⁰¹üAAA A u esd 95 110 100 95 
Washingtoů nn W W W W 
West Virginia 23 119 21 113 
Wisconsin 154 327 151 576 
Wyoming.-.--------------------------- 22 W 23 8 
J//Gö˙ ASA a 814 1,677 896 2, 507 
// ³˙¹¹¹aAa ⁰ e 5,522 12,461 5,663 18,397 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” I 
1 Includes shipments to overseas areas administered by the United States, Puerto Rico, exports, some ship- 
ments to unspecified destinations, and States indicated by symbol W. 


PRICES 


At  yearend, Oil, Paint and Drug 
Reporter quoted the price of salt per 100 
pounds bags, f.o.b. plant, as follows: 
Common evaporated salt in 100-pound 
bags in carlots or trucklots, $1.14; chemical 
grade on the same basis, $1.25; rock salt, 
medium or coarse, $0.82; rock salt, extra 
coarse, $0.87. 


Based on reported production data, the 
average per-ton values of rock and evapo- 
rated salt were $6.45 and $18.46, respec- 
tively. Prices during 1969 remained essen- 
tially the same as those in 1968, but a 
canvass of the industry indicates that price 
increases will be introduced in 1970. 
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FOREIGN TRADE 


Exports and imports of salt continued to 
be minor compared with domestic produc- 
tion. Salt was exported to 52 countries and 
imported for consumption from 14 coun- 
tries. 

Exports of salt decreased 1.7 percent to 
716,000 short tons in 1969. Canada and 
Japan received the bulk of salt exports. 
Exports to Japan decreased over 10 percent 


Table 9.—Salt shipped to the Common- 
wealth of Puerto Rico and overseas areas 
administered by the United States 


1968 1969 
Area Short Value Short Value 
tons (thou- tons (thou- 
sands) sands 

American 
Samoa 218 $9 282 $10 
uam 254 13 112 14 
Puerto Rico. . 17,909 1,780 18,857 1,154 
Virgin Islands 212 20 168 22 


Table 10.— U.S. exports of salt, 
by countries 
(Thousand short tons and thousand dollars) 


1968 1969 

Destination 

Quan- Value Quan- Value 
tity tity 
Australia 1 $48 1 $71 
Canada 262 1,942 298 2,004 
Costa Rica..... 4 54 (1) 81 
Japan 441 1,954 396 1,795 
Mexico. ....... 2 41 2 49 
Saudi Arabia... 1 112 (1) 81 
South Africa, 

Republic of 2 15 8 16 
ther 15 484 16 489 
Total. 728 4, 650 716 4,486 


1 Less than 14 unit. 


Table 11.—U.S. imports for consumption 
of salt, by countries 1 


(Thousand short tons and thousand dollars) 


1968 1969 
Country —F 
Quan- Value Quan- Value 
tit tity 
Bahamas 665 $2,490 595 $2,372 
Canada r 1,488 r 5,445 1,008 , 58 
Chile 169 558 557 2,112 
Mexico. ....... 834 1,660 764 1,425 
Spain r 78 r 395 37 264 
unis ia 215 655 187 469 
United Arab 
Republic. __ _ is A 89 130 
Unite 
Kingdom 21 158 16 66 
Venezuela 23 62 91 449 
Other 18 74 18 116 


Total . . r 3, 456 11,487 3,302 11,990 


r Revised. 

1 Includes salt brine from Canada through the 
Detroit customs district for 1968, 300,596 short tons 
($89,187); 1969, from West Germany through New 
York City customs district, 601 short tons ($5,912). 


in 1969 to 396,000 short tons because of 
increased salt imports into Japan from 
Australia. 

Imports decreased about 4.5 percent with 


Canada, Mexico, Bahamas, and Chile 
supplying about 88 percent of the total. 
Other countries supplying significant 


quantities of salt were Tunisia, the United 
Arab Republic, and Venezuela. 


Table 12.—U.S. imports for consumption 
of salt, by classes 


(Thousand short tons and thousand dollars) 


In bags, sacks, 


Bulk 
barrels or other (dutiable) 1 


Year packages (dutiable) 
Quantity Value Quantity Value 
1967______ 14 $282 2,829 $8,259 
1968...... 27 467 9,429 11,020 
1969______ 11 816 8,291 11,674 


1 Includes salt brine from Canada through the 
Detroit customs district for 1967, 443,457 short tons 
$128,839); 1968, 300,596 short tons ($89,187); 1969, 
est Germany through the New York City customs 
district, 601 short tons ($5,912). 


Table 18.—U.S. imports for consumption 
of salt, by customs district 1 


(Thousand short tons and thousand dollars) 


1968 1969 

Customs district 

Quan- Value Quan- Value 

tity tity 

Baltimore, Md..... 248 $881 224 $717 
Boston, Mass 149 674 128 401 
Bridgeport, Conn... 120 401 172 671 
Buffalo, N. yy 25 109 17 72 
Chicago, Ill........ 803 1,397 76 834 
Cleveland, Ohio... 138 584 143 617 
Detroit, Mich. ..... 745 2,816 551 2,526 
Duluth, Minn 84 128 85 155 
Juneau, Alaska (?) 10 2 70 
Los Angeles, Calif... 197 444 198 448 
Milwaukee, Wis .. 188 595 158 691 
New York City..... 136 464 174 761 
Norfolk, Va 24 92 85 171 
Ogdensburg, N.Y... 1 5 9 48 
Philadelphia, Pa.... 44 195 51 140 
Portland, Maine.... 281 1,076 871 1,765 
Portland, Oreg..... 181 227 138 166 
Providence, R.I..... (2) 1 138 400 
St. Albans, V 45 190 16 66 
San Juan, 

Puerto Rico 6 81 6 82 
Savannah, Ga. _ 195 728 224 880 
Seattle, Wass 457 898 429 884 
Wilmington, N.C... 89 97 12 80 
Other ) (2) (2) (2) 

Total 3,456 11,487 3,302 11,990 


! Includes salt brine from Canada through the 
Detroit customs district 1968, 800,596 short tous 
($89,187); 1969, West Germany, 601 short tons 


$5, . 
2 Less than 14 unit. 
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WORLD REVIEW 


Australia.—Production of salt in Aus- increase will be used for export, primarily 
tralia increased in 1969. Most of the to Japan. 


Table 14.—World production of salt by countries 
(Thousand short tons) 


Country ! 1967 1968 1969 » 
North America: 

JJJJJ000%%/%hꝗy! ³ K é Aa 5,362 4, 864 4,247 
Bahamas ß . due l. SSS 1,102 e 882 750 
Martingo gereest ere e, 287 T 858 
Hong ð2d eh ECL uu dE 25 25 81 
Costa öô§éð¹kẽQ! : eri pue 11 13 10 
El Salvador EA E PE OPEP 88 . NA 26 80 
ODD o s; NM"; 8,671 8,307 8,307 
United States (including Puerto Rico): 

N õ AAA S 11, 661 12, 461 13,897 

Other salt: 

United States 27, 285 28, 813 30, 848 
,, ß ete eS 12 32 32 
South America: 

r . . E ESE r 946 816 e 827 
Brazil. EE E 1,146 1,698 1,797 
CC•ö%§öÜoèé ] ¾˙0ͤ. Ee 461 940 1,466 
Colombia 

Rock salt... hee ͥͥͥÜÁͥð̃ Ad AAA 842 849 879 

Other dd ³² i ee te ne a 175 207 868 
POP odes . EE r 236 190 183 
Wenezuela. luo c. l e nensemesccLesaeREIesexcemie ai. r 188 139 188 

Europe: 

USA oc oll ue W AA é 467 495 525 
Bulgaré-- u ? ö . eee tu RC oe 126 130 132 
Czechoslovakia eee 228 226 e 228 

enmar leren 110 165 e 165 
France 

Rock salt and salt from springs. ..------------------- r 8,823 8,385 ° 4,244 

FIC oru uu ul y um urus ecd cau 1,698 1,102 e 1,102 
Germany: 

pori ORO XT 2,021 2,172 e 2,205 

West (marketable): 

"rd e. d ũũ̃ œ ::: 8 5,698 6,752 } 9218 
Marine salt and other 1,920 2,126 
GG%0ö;O ?⅛iU i se. ug i uQ Su Sus 105 109 88 
Italy: 

Rock salt and brine salt 2,841 2, 895 3,081 

Marines eee Se E 1,404 ° 1,483 1,264 
Netherlandnsaseesssssssss 2,123 2,661 2,942 
Poland: 

NM. L u OL é 915 1,068 1,285 

Other eege 1,828 1,835 1,820 
Portugal: 

Nek lll. ie 125 166 

Ml... ³ðſdſ ³ A ees 354 290 e 831 
U! ⁵³ðwĩwᷓͥĩ ⁰ĩr 5 0. c 555. 2, 270 2,610 2, 646 
Spain: 

, . -——————s 934 1, 004 e 1,020 

Marine salt 2..___ ee enee 994 1,002 e 992 
5553 Jͥõã ã ĩðVWuͤãd%dddḉt 8 238 281 294 
U Ee 11,684 12,125 e 12,677 
United Kingdom: 

Rock SO EE 775 1,218 1,562 

Other Galt ege EE 7,066 7,930 7,922 
%%% ⁰ĩ˙“rꝛi.ꝛ˙Ü] g EN 185 197 234 

Africa: 
Aga Ec don he ce umaku ³K y 132 e 182 40 
Jͤ ꝗ 88 86 80 
Ethiopia (including Eritrea)...........................- 287 289 290 
EE A0 ° 82 7 
Kenya r ³oÜ1- EET MM VUES 54 67 46 
Malagasy Nep up... N ei 24 
e 
Mau itu Ee anan ka EE 4 4 4 
Morot losen cu op LA uq c 8 22 45 74 
5 bocca exeo pL E 1 DF dt Ki 2 e : 
] (including Mauritania).......................... 66 93 10 
sam Africa, Republic of...........-..----------------- 349 377 417 
South-West Africa: Marine salt o 110 121 121 
LAT TE / hee tet eee ⁵ D EL Qe 68 55 56 
NA hh BEE A0 83 87 
Uganda. j APERIRI ETT 0 SUA 897 e 886 
United Arab Repüblie r u uuu l ege r 644 686 424 


See footnotes at end of table. 
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Table 14.—World production of salt by countries—Continued 
(Thousand short tons) 


Country 1 
Asia: 


Cha ð- ee ER 
EDERT 


China, mainland „ 
Gn 8 
India (including Goaꝶa .-. . 
Indonesia ꝛ 


eee ß pasya a sud 


Pakistan: 


Rock Salt... ose : ⅛ðj ETE EIAS 

Other! 0402 4-292» 
neee ß n A 
Ryukyu Islands 
Southern Veen 
Syrian Arab Republic Z 
NW ou 6 ⁰ygme y ee ees 
SANG KR u l as ie See ees 


Turkey: 


Rock SB dns e oe eke 


Vietnam: 


BT de ANG ons . ee tt AUS 
New Zealand. 


e Estimate. P Preliminary. r Revised. 


1967 1968 1969 p 

eege e 34 e 44 44 
fid. 148 151 194 
5 r 84 108 126 
5 14, 300 16, 500 16, 500 
PIRE NN r 4,947 5,560 7,033 
ena ald r 331 88 198 
TR 28b e 303 342 
FF r 45 e 44 e 44 
5 63 72 e 63 
eee eee re 1,073 1,066 1,081 
— 13 1 20 
em 606 606 606 
. 675 618 319 
— 4 4 4 
(——Àn 3 3 3 
"— = 33 33 31 
niae 9 9 9 
EISE 270 360 622 
. 492 629 631 
Bue SE 128 239 255 
3 7 e 7 7 
„ e 88 87 e 88 
— 22 22 24 
. 571 343 422 
—— PM 121 165 220 
eid if e 39 42 e 44 
DEREN e 331 584 e 584 
cd s 165 165 165 
Á— r 176 176 176 
„ 110 94 110 
nec. ce 787 1,049 e 1,102 
DEE 62 62 54 
Sp icu r 131,092 139,248 147,571 


NA Not available. 


1 Salt is produced in many other countries, including Libya, Somalia Republic, and Cape Verde Islands but 
quantities are relatively insignificant or reliable data are not available. 
? Includes an average annual production in the Canary Islands of 15,000 metric tons of marine salt. 


3 Year ended March 20 of year following that stated. 


* Totals are of listed figures only. 


Six new salt producing companies in 
Australia were reported to be either pro- 
ducing salt or will be in production in the 
near future. Leslie Salt Co. began shipping 
salt from its solar plant at Port Hedland, 
Western Australia. Expected production 
during 1969 was 350,000 to 400,000 tons. 
Ultimate capacity of the plant is to be in 
excess of 1.25 million tons per year.8 

Norseman Gold Mines, N.L., and Sumi- 
tomo Shoji Koisha, Ltd., expected to make 
their first shipment of salt near the end of 
the year. The joint venture will produce 
salt from Lake Lefroy, an inland salt lake 
near Kambalda, Western Australia. All 
output is for export mainly to Japan at a 
reported rate of 150,000 tons per 
year.9 Texada Mines Pty. Ltd. made initial 
shipment of salt to Japan in April 1969. 
The salt was produced from a common 


source with potash, but production of 
potash is not expected until 1971.10 
Exmouth Salt Pty. Ltd., began construction 
of a 500,000-ton-per-year salt plant at 
Exmouth Gulf southwest of Onslow. Pro- 
duction is to begin in 1971.11 

Australian Gypsum Industries Ltd. 
recently concluded a 5-year contract to 
supply an undisclosed amount of salt to 
Mitsui and Co., Japan. The salt will be pro- 
duced at the company's facilities at Lake 
MacDonnell near Thevenard in South 


March 1970, 


? Skillings’ Mining Review. V. 58, No. 20, May 
17, 1969, pp. 8-10. 

10 Mining Journal (London). V. 272, No. 6975, 
Apr. 25, 1969, p. 355. 

11 Kalix, Z. Salt and Other Sodium Compounds. 
be i Mineral Industry, 1968 Annual Review, 
p. 213. 


S Leslie Salt Co. Annual Report. 
p 
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Australia.12 Dampier Salt Ltd., started 
construction of a 600,000-ton-per-year plant 
near Dampier, Western Australia. First 
shipments are planned for late 1971.13 


Brazil.—A new salt terminal, Ilha de 
Terral, was scheduled for completion by 
early 1969. The facility, an artificial island 
8 miles from shore, was to handle solar 
salt produced in the Areia Branca area of 
Rio Grande do Norte. The salt is for 
delivery to consumers in central and south- 
ern Brazil. 


Another terminal, a project of Superin- 
tendencia de Desenvolvimento do Nordeste, 
is under construction. The terminal will 
use an 8-kilometer aerial tramway system 
to deliver salt to ships at a rate of up to 
1,000 tons per hour.14 


Canada.—Salt production in Canada in 
1969 totaled 4.25 million tons compared 
with 4.86 million tons in 1968. The 
decrease was due primarily as a result of 
labor disputes. 


Sifto Salt Division of Domtar Chemicals 
Ltd. constructed a 15,000-ton salt-storage 
building and increased the capacity of its 
Unity, Saskatchewan plant from 85,000 to 
200,000 tons annually. In 1970, the firm 
plans to increase hoisting capacity at its 
Goderich mine. 


The Canadian Salt Co. began operating 
its $3 million salt-processing plant at Belle 
Plaine, Saskatchewan. The plant processed 
raw material from Kalcium Chemicals 
Ltd.’s potash mill located nearby.15 
Chile—The Compania Minera Santa 
Adriana S.A. announced plans to install 
new primary, secondary, and tertiary 
crushers at its salt plant. Further increases 
in the truck fleet and improvement of 
maintenance facilities at the mine are also 
planned. The primary destinations of the 
salt produced by the company are Japan 
and the United States.16 

Germany, West.—Dow Chemical Europe 
S.A., has announced it will build a new 
‘chemical complex at Stade in the State of 
Neidersachsen. Total expenditures will be 
$250 million by 1975. An exploratory drill- 
ing program for salt carried out in 1968 
proved large reserves of salt for the chlor- 
alkali division of the new complex. 

India.—India agreed to supply 45,000 
tons of salt to Japan between July 1969 
and June 1970.17 
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Italy.—Montecantini Edison S.p.A. an- 
nounced plans to invest $24 million in 
expansion of its salt facilities in Italy. Ex- 
pansion plans included a rock salt refining 
plant at Ciro Morini near Catanzaro with 
an intial capacity of 1 million tons per 
year and an ultimate annual capacity of 
1.5 million tons. A pipeline is planned to 
transport rock salt the 50 kilometers from 
its mine at Timipa del Salto in Calabria.18 


New Zealand.—Dominion Salt Co. Ltd., 
the sole New Zealand producer of salt, 
began extending the range of production 
at its solar salt works. The company will 
upgrade refining capabilities and begin 
adding various anticaking agents. 


U.S.S.R.—Russian geologists were report- 
edly exploring salt domes north of the 
Caspian Sea. The domes are said to con- 
tain large reserves of mineral salts, includ- 
ing potasium and magnesium salts, and 
sulfur.19 


United Kingdom.—A new salt refinery 
was opened at Middlewich in Cheshire, 
England, in June. The plant, built at a 
cost of about $9.1 million, has a capacity 
of 60,000 tons per year and will produce 
vacuum pan salt primarily for chemical 
and industrial purposes; quantities of table 
and agricultural salt also will be 
produced.20  Cerebos Foods Ltd. has 
announced plans to close its salt plant at 
Greatham near Hartlepool in 1970. The 
plant, producing salt from brine, has oper- 
ated since near the turn of the century.?1 


12 Chemical Age (London). 
Sept. 19, 1969, p. 19. 

13 Mining Journal (London). V. 273, No. 6986, 
July 11, 1969, p. 33. 

14 Bureau of Mines. Mineral Trade Notes. V. 
66, No. 1, January 1969, pp. 27-28. 

15 Canadian Mining and Metallurgical Bulletin. 
V. 62, No. 688, August 1969, p. 900 
Jeffery W. G. Industrial Minerals. Canadian Min. 
J., v. 91, No. 2, February 1970, pp. 141-142. 
Koepke, W. E. Salt. Ch. in Canadian Minerals 
Yearbook, 1968, p. 3. 

1 Bureau of Mines. Mineral Trade Notes. V. 
67, No. 2, February 1970, p. 25. 

17 Bureau of Mines. Mineral Trade Notes. V. 66, 
No. 12, December 1969, p. 28. 

18 Engineering and Mining Journal. V. 170, No. 
11, November 1969, p. 166. 

1? Mining Journal (London). 
July 18, 1969, p. 51. 

20 Industrial Minerals (London). 
1969, p. 27 

21 Chemical Age (London). 
Nov. 28, 1969, p. 23. 
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TECHNOLOGY 


An improved method for solvent extrac- 
tion of salt values and producing storage 
caverns for light petroleum gas has been 
developed by Continental Oil Co. The 
method improves contact between unsatur- 
ated solvent water and the cavern wall by 
introducing carbon dioxide and other solu- 
ble gases into the solvent under pressure. 
Then the pressure is reduced and the gas 
produces bubbles. 


A method to transport particulate salt, 
sylvite, other mineral salts, and finely 
divided iron oxide ore in a petroleum 
liquid via pipeline has been developed. 
The solids are mixed with an alkali metal 
or alkaline earth metal organic sulfonate 
to give the material a density approaching 
that of liquid petroleum. The process was 
designed to minimize the loss of material 
through settling-out in transit. 


Sand and Gravel 


By S. O. Wood, Jr. 1 


Sand and gravel production increased 
about 2 percent to 937 million short tons, 
a new high. The value of production in- 
creased almost 5 percent and established a 
new record of $1,070 million. Output from 
commercial operations increased about 3 
percent, while Government-and-contractor 
production declined slightly (0.3 percent). 
Construction operations, users of 96 per- 
cent of the sand and gravel produced, 
were undergoing substantia] reductions at 
yearend. Contributing to decreased con- 
struction activity was a decision by Presi- 
dent Nixon in September to cut 75 per- 
cent of the funds allocated to Federal 
projects not underway as an anti-inflation- 
ary measure. 

Legislation and Government Programs. 
—The Tax Reform Act of 1969 authorized 
changes in certain mineral and metal de- 
pletion rates effective with taxable years 
beginning after October 9, 1969. The de- 


pletion rate for industrial sand and gravel 
was lowered from 15 to 14 percent of gross 
income. The 5-percent depletion rate for 
sand and gravel used for construction pur- 
poses was unchanged. 

Pursuant to the Federal Metal and Non- 
metallic Mine Safety Act of 1966 (Public 
Law 89-577), the first Federal health and 
safety standards to be established for all 
domestic metal and nonmetal mines were 
published in August 1969 in the Federal 
Register.? The standards were promulgated 
to provide better on-the-job protection for 
nearly 200,000 workers in noncoal mines. 
Some included items were fire prevention 
and control; air quality; storage and han- 
dling of explosives; drilling, loading, haul- 
ing, and dumping operations; electrical 
equipment use and installation; radiation 
exposure; and maintenance and use of 
mining equipment. 


DOMESTIC PRODUCTION 


California, with 125 million tons, ranked 
first in sand and gravel output and pro- 
duced more than twice as much as sec- 
ond-ranked Michigan. Other States produc- 
ing substantia] quantities of sand and 
gravel in descending order of production 
were Ohio, Minnesota, Illinois, Wisconsin, 
and New York. Combined production from 
the seven leading States was 407 million 
tons, about 43 percent of the U.S. total 
output. Value of sand and gravel produced 
in these seven States was $453 million, 42 
percent of the Nation's total. 

Nationwide, commercial operations con- 
tinued to dominate production with 78 
percent of the output, while Government- 
and-contractor operations accounted for 22 
percent. There was only a small increase 
in the number of commercial sand and 
gravel processing plants (from 60,296 in 
1968 to 6,308 in 1969) ; the largest increase 


was in the number of plants processing be- 
tween 700,000 and 800,000 tons. Plants that 
procesed more than ] million tons in- 
creased from 66 to 73 during the year. 
The industry continued to construtt 
larger and more fully integrated sand and 
gravel complexes. Kaiser Sand and Gravel 
Co. completed its 2,000-ton-per-hour diver- 
sified plant that replaced its old one at 
Radum, Calif. Blue Diamond Division of 
the Flintkote Co. built a new plant at Ir- 
windale, Calif, that included an auto- 
mated 3,500-ton-per-hour loading and re- 
claiming  system.3 In balancing the 
practical advantages of automation against 


cost, the designers concentrated the auto- 


! Petroleum engineer, Bureau of Mines, Wash- 
ington, D.C. 

2 Federal Register. V. 34, No. 145, July 31, 
1969, pp. 12503-12527. 

3 Bergstrom, John H. Automated Loadout High- 
lights Huge California Gravel Plant. Rock Prod., 
v. 72, No. 9, September 1969, pp. 68-73, 182. 
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Table 1.—Sand and gravel sold or used by producers in the United States, 
by classes of operations and uses 


(Thousand short tons and thousand dollars) 


1968 1969 
Class of operation and use 
| Quantity Value Quantity Value 
Construction: 
Building: 
Sand s mu ß r 160,778 r $177,680 170,467 $193,016 
Gravel. UR SONNO r 134,160 r 182,676 135, 637 191, 950 
aving: 
Sand Lore race pu nU e M ͤ M r 134,287 r 130,894 131,456 135,780 
sii Gravel. ß C ks n r 336, 843 r 338, 809 350, 090 354, 840 
J’ö§;²L/¹dʒũ ð . 2 sm oot s r 38, 629 r 23,194 41, 630 27, 862 
Gravel öÄõÄ?ð⁵ʃb 59, 730 44, 890 55,318 88,736 
Railroad ballast: 
Sana c. oie. det UAE 631 631 663 556 
(Ee Al EE 2,417 1,988 2,189 1,971 
Other: 
Sani sc or i eS yy y 7,921 7,307 7,599 6,827 
Gravel EE 9,895 11,507 6,672 7,288 
Total construction 11111. r 885,291 r 919,576 901,711 958,836 
Industrial sand: 
Underground: 
GIBSH. hae te ca Mec h- y 88 9,627 31,863 10,547 36,398 
Nö ⁵ĩ⅛VW» ð v ⁵⁰k 8 10,332 29,126 10,989 30,741 
Grinding and polishing. ..................... 551 1,411 '854 995 
Blast SANG 2 eege, 1,179 6,679 1,219 6,743 
Fire or furnaee e 470 1,115 473 1,005 
FCA A EE 832 1,907 920 2,062 
Fieses er 212 709 194 745 
Oil hydrafrac_._--___--__--_-.--_------_------- 258 2,030 274 2,046 
p a a E RRS E 2,166 6,809 2,150 6,822 
Totali EE 25,627 81,649 27,123 87,567 
Ground sand 2.____ —I—ꝛ— 1,348 11,733 1,900 14,460 
Total industrial 22-2222 2-2. ee 26,975 93,382 29,021 102,026 
Miscellaneous geravel dm 5,202 7,149 6,173 9,441 
Grand em!!! a .. .. ... Sess r917,468 11,020, 107 936,906 1, 070, 302 
Commercial: 
S cle oe A EA ees r 322,910 r 398,981 339 , 400 431,668 
Gravel EES r 387 , 753 r 449 ,724 391,314 464, 565 
Government-and- contractor: š 
f]J]fſfſGhT . en 46,311 34,107 41,422 84,401 
G0 8 160,494 137, 295 164, 762 139 ,670 
r Revised. 


1 Data may not add to totals shown because of independent rounding. 


2 See table 10 for use breakdown. 


3 Approximate figures for operations by States, counties, municipalities, and other Government agencies 


under lease. 


mated features in the reclaiming and load- 
out sections and provided minimum auto- 
mation in the processing sections. The 
operation reclaims and loads nine different 
materials consisting of five dry asphalt ag- 
gregates, including dry sand; three coarse 
washed concrete aggregates; and concrete 
sand. The truck loadout station has 12 
steel storage bins, each with a 200-ton ca- 
pacity. Cascade Construction Co. completed 
a sand and gravel plant rated at 1,000 tons 
per hour at Scappoose, Oreg.* 

Important operational changes in some 
of the new plants were noted in the litera- 
ture. To take advantage of the raw mate- 


rial and transporation potential of the 
Ohio River, Evansville Materials, Inc., 
placed a dredging plant in operation near 
Evansville, Ind.5 The complete processing 
system was mounted on a 46- by 120-foot 
hull and had a deliverability from 400 to 
450 tons per hour, Virtually complete flexi- 


bility was provided for the blending of 


*Pit and Quarry. Oregon Construction Firm 
To Operate Sand/Gravel Plant. V. 62, No. 1, July 
1969, p. 27. 

$ Herod, Buren C. New Dredge, Modernized 
Shore Facilities Aid Evansville Materials’ Growth. 
Pit and Quarry, v. 61, No. 12, June 1969, pp. 
94—100, 139. 
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Figure 1.- Production and value of sand and gravel in the United States. 


gradations of sand and gravel. A new 400- 
ton-per-hour sand plant was completed in 
central Florida near Loughman by E. R. 
Jahna Industries, Inc.6 Sand is furnished 
to the plant by hydraulic dredge. Truck 
shipments are weighed, and a special hy- 
draulic clamshell crane with a 1,700-pound 
bucket is used to adjust axle loads on trac- 
tor-trailers to within 10 pounds of the 
maximum legal axle loading. 


Guaranteed Gravel and Sand Co. placed 
in operation a 350-ton-per-hour plant at a 
LeSueur River site, south of Mankato, 
Minn. Raw material is excavated from 


the riverbed by a 100-foot tower excavator 
equipped with a 5-yard scraper. The tower 
structure was mounted on four sets of rail 
trucks that travel on standard-gage rails 
that can be relaid to accomodate move- 
ment paralleling the' river. 

Other new plants included Standard Slag 
Co.’s 200-ton-per-hour dredge assembled in 


an old flood plain about 1 mile from the 


6 Trauffer, Walter E. New 400-TPH Sand Plant 
in Central Florida Built To Serve Growing Area. 
E and Quarry, v. 62, No. 1, July 1969, pp. 163- 


7 Herod, Buren C. Guaranteed Not Just a Name 
to Progressive Sand-Gravel Producer. Pit and 
Quarry, v. 62, No. 2, August 1969, pp. 74-78. 
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Scioto River in southern Ohio.’ The War- 
ner Co. of Philadelphia, Pa., built a 450- 
ton-per-hour plant on land as a first step 
in a long-range plan to revise its sand pro- 
duction operation near Morrisville, Pa.9 
Fisher Concrete Co. started operations at a 
new plant at Memphis, Tenn.1° This 
plant was the first in the area to transfer 
materials from the pit by field conveyors. 
Production facilities were installed at a 
new sand and gravel operation near Cleve- 
land, Tex. by Southwest Towing & Shell 
Co.11 

Portable plants, providing more flexibil- 
ity in operations, continued to be widely 
used. Bigger equipment, better construc- 
tion, and improved procedures were basic 
contributing factors in the increasing use 
of mobile plants. A direct loading opera- 
tion, from crusher to truck, helped Madi- 
son Stone Co. avoid stockpiling costs at a 
Sheboygan, Mich., job.12 A secondary 
crushing-screening plant, one of the largest 
of today's single-chassis portable units, op- 
erated at a rate of 540 tons per hour. 
Twenty 19-ton-capacity trucks were kept 
rolling on the 13-mile haul. In an 8-week 
period, 168,000 tons of minus l-inch road 
gravel was processed and delivered. Freder- 
ick Parker Ltd. built three new types of 
mobile plants for use in the quarry and 
sand and gravel industries.13 The units 
can crush and screen aggregate into four 
sizes and feed direct to trucks or stockpiles 
as required. The largest model has an out- 
put capacity in excess of 200 tons per 
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hour, and the other two produce in excess 
of 150 tons per hour. 

Bristol Silica Co. opened a new silica 
mine in Lucky Boy Pass, western Lyon 
County, Nev.14 A company official stated 
that the deposit was 99.8-percent-pure sil- 
ica and that there was no overburden. 

Modernization and expansion programs 
by several companies resulted in increased 
plant capacity for the industry. Azusa- 
Western, Inc. increased pit production 
from 500 tons per hour to 1,000 tons per 
hour at Azusa, Calif., a northeast suburb 
of Los Angeles.15 The company installed a 
new portable crusher and pit conveyor sys- 
tem to achieve the production increase. Il- 
linois Minerals Co. increased the processing 
capacity of its amorphous silica operations 
at Elco, Ill.16 High-purity amorphous sil- 
ica was mined by the room-and-pillar 
method at nearby fee-owned and mineral- 
deeded property. New Jersey Silica Sand 
Co. modernized its southern New Jersey 
plant at Milville.17 In addtiion to having 
twice the capacity of its predecessor, seven 
splits to finished gradations from the feed 
to its primary system can be made in the 
new plant. 

The sand and gravel industries have 
joined others in reclamation of mined-out 
areas. The Brannan Sand & Gravel Co., 
Denver, Colo, rehabilitated one of its 
worked-out and water-filled pits by neatly 
landscaping the shores.18 The water-filled 
pit is called Lake Sangraco, an acronym 
describing the company’s operation. 


CONSUMPTION AND USES 


The construction industry continued as 
the principal user of sand and gravel by 
consuming 96 percent of the 1969 output 
valued at $959 million. The value of new 


8 Trauffer, Walter E. Standard Slag’s Newest 
Plant. Pit and Quarry, v. 62, No. 6, December 
1969, pp. 102, 105, 142. 

9 Trauffer, Walter E. Warner’s New 450-TPH 
Plant. Pit and Quarry, v. 62, No. 5, November 
1969, pp. 92-99. 

9 Pit and Quarry. New Sand and Gravel Plant 
Set for Memphis, Tenn., Area. V. 61, No. 1l, 
May 1969, p. 32. 

11Pit and Quarry. New Sand and Gravel Opera- 
tion Developing in Cleveland, Tex. V. 62, No. 2, 
August 1969, p. 26. 

12 Levine, Sidney. Direct Crusher-to- Truck Load- 
out Eliminates Gravel Stockpiling. Rock Prod. v. 
72, No. 2, February 1969, pp. 66—67. 

13 Mining & Minerals Engineering. Mobile 
Quarry Plant. V. 5, No. 1, January 1969, p. 16. 


construction projects, $67.4 billion in 1969, 
was 9 percent higher than the 1968 value, 
according to F. W. Dodge Division of Mc- 
Graw-Hill Information Systems Co.19 Most 


14 Engineering and Mining Journal. Nevada. V. 
170, No. 10, October 1969, p. 140. 

1$ Bergstrom, John H. California Gravel Pro- 
ducer Doubles Production, Slashes Costs With 
Pit Crushing System. Rock Prod., v. 72, No. 6, 
June 1969, pp. 46—49. 

16 Herod, Buren C. Illinois Mineral Expands. 
Pit and Quarry, v. 61, No. 10, April 1969, pp. 
142-148. 

" Herod, Buren C. Holly Brand's Lustre In- 
creases. Pit and Quarry, v. 2, No. 6, December 
1969, pp. 98-101. 

13 Pit and Quarry. Refurbished Riverboat Cruises 
Water of Rehabilitated Colorado Gravel Pit. V. 
62, No. 1, July 1969, p. 188. 

19 Pit and Quarry. F. W. Dodge Reports New 
Construction Contracts for December at 218 on 
Index. V. 62, No. 9, March 1970, p. 35. 
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of the increase in value was attributed to 
inflation. Construction costs were up more 
than 7 percent compared with 1968 costs. 

Gravel was used to assist in environmen- 
tal control to prevent erosion in Alaska. 
Atlantic Richfield Co. contracted Spruce 
Equipment Co., Fairbanks, Alaska, to con- 
struct roads and other facilities in order to 
permit transportation and year-round drill- 
ing operations in the Prudhoe Bay area.20 
The contracted projects include drilling- 
site pads, staging areas, and a network of 
roads having a gravel thickness ranging 
from 5 to 7 feet. The thick layer of gravel 
insulates the frozen tundra and thereby 
protects it from thaw and damage from 
heavy equipment. 

Sand-producing companies in the Du- 
luth, Minn., area profited from a price dif- 
ferential that resulted from a record boost 
in handling costs on the Gulf of Mex- 
ico and increased transoceanic shippers' 
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charges.21 A load of silica sand was 
shipped to Manchester, England, from Du- 
luth at $8.02 per gross ton less than rates 
from Gulf ports. 

Sand and gravel was not immune to sub- 
stitution for reasons of environmental or 
economics. British Steel Corp’s Scunthorpe, 
Division, Midland Group, Appleby Abra- 
sives, manufactured grit from blast furnace 
molten slag at Appleby-Frodingham as a 
substitute for sand.22 The product was 
used extensively for grit-blasting of surfaces 
to provide a clean base for anticorrosive- 
protective coatings and replaced sand 
which was banned on health grounds. In 
South Africa a study of sand versus diato- 


> Skillings’ Mining Review. Gravel MORGA in 
Alaska for xer 1* ound Work. V. 58, No. 10, 


Mar. 8, . 
2¹ R ucts. Smooth Sailing for Sand From 
tial . 12, December dg . 90. 
22 Steel Times y a d Abrasives Sub- 
stitute for Sand. V. 197, No. 7, July 1969 p. 488. 
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Figure 2.—Sand and gravel sold or used in the United States. 


974 


maceous-earth filter systems to remove soil 
from large swimming pools was conducted 
by the Penguin-Poolquip Group in 
Johannesburg.23 The study group con- 
cluded that diatomaceous filters were pref- 
erable because of lower initial and main- 
tenance costs and easier replacement of 
filters. In addition, water filtered by a dia- 
tomaceous-earth plant was more  "pol- 
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ished." Fly ash from Duquesne Light Co.'s 
500,000-kilowatt power station at Elrama, 
Pa. was processed into a lightweight ag- 
gregate for use as a substitute for sand 
and gravel in concrete.24 Spokesmen stated 
that savings of 10 to 30 percent in the cost 
of steel and concrete building shells could 
be realized from reductions in the weight 
of finished concrete. 


PRICES 


On December 4, 1969, representative car- 
load-lot prices for sand in 20 cities ranged 
from $1.55 per ton in Cincinnati to $5.75 

er ton in Atlanta, according to the Engi- 
neering News-Record. The average of the 
sand prices reported was $2.76 per ton. 
Prices for either 34-inch or 115-inch gravel 
ranged from $1.70 per ton in Cincinnati to 


FOREIGN 


Canada received 82 percent of U.S. ex- 
ports of sand in 1969. The Bahamas 
received 9 percent, and Mexico received 7 
percent. Canada also received the largest 
amount of U.S. exports of gravel—77 per- 
cent. Other large recipients of U.S. gravel 
were the Bahamas, 17 percent, and Ber- 


$4.40 per ton in Pittsburgh. The average 
of the 34-inch-gravel prices reported for 19 
cities was $3.04, and for 114-inch gravel 
the average of the prices reported for 16 
cities was $2.94 per ton. The average value 
of sand and gravel sold or used by produc- 
ers, Lob plant, was $1.14 per ton, a 3-per- 
cent increase over the 1968 average. 


TRADE 


muda, 5 percent. Total exports of sand 
were 1,797,044 short tons; gravel exports 
were 308,609 short tons. Virtually all of the 
crude sand and gravel imported was from 
Canada. About 95 percent of the U.S. im- 
ports of sand suitable for glassmaking came 
from Australia. 


WORLD REVIEW 


Belgium.—Societe d'Agregats Legers, a 
Belgium firm, was formed by three princi- 
pals to manufacture a lightweight cement 
aggregate from expanded shale to replace 
gravel in cement manufacture.25 The utili- 
zation of lightweight aggregate is becoming 
more prevalent for prefabricated structures 
in Europe. 

Canada.—Indusmin Ltd. commenced ex- 
pansion of their silica operations at Mid- 
land and Killarney, Ontario.26 At Midland, 
$3.6 million was being expended to in- 
crease the capacity of the grinding plant 
and related facilities to about 500,000 tons 
of processed silica annually. Improvements 
underway at the Killarney operation, ac- 
quired from Union Carbide Canada Ltd. 
in 1968, were expected to cost about $2.4 
million. Completion of both projects was 
scheduled for March 1970. 

Newfoundland's Department of Mines 
and Resources indicated that substantial 
deposits of commercial silica were discov- 


ered in the Bonne Bay area of the Prov- 
ince’s west coast.27 Although the area has 
been defined as a national park, the Pro- 
vincial Government was to consider the de- 
velopment potential of the area before set- 
ting the park boundaries. In Nova Scotia 
the Provincial Department of Mines ex- 
pected that pilot-plant testing would deter- 
mine the feasibility of commercial exploi- 
tation of silica deposits in the Musquo- 
doboit Valley area about 40 miles north 
of Halifax. 

23 South Africa Mining and Engineering Journal. 


Sand Versus Diatomaceous-Earth Filter Systems. 
WE Pt. 1, No. 3963, Jan. 17, 1969, pp. 132- 

24 Mining Congress Journal, Environmental 
Quality Roundup. V. 55, No. 10, October 1969, 
p 


æ% Rock Products. Belgium Firms To Manu- 
facture Lightweight Cement Aggregate. V. 72, No. 
12, December 1969, p. 17. 

% Skillings’ Mining Review. Indusmin Ltd. Pro- 
gram at Silica Operations in Ontario. V. 58, No. 
25, June 21, 1969, p. 4. 

^ European Chemical News (London). Fluor- 
spar, Silica Are Found in Canada. V. 15, No. 
376, Apr. 18, 1969, p. 8. 
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France.—Societe Francaise des Sables et 
Graviers S.A., a wholly owned subsidiary of 
British Dredging Co. Ltd., recently built 
the largest marine aggregate plant in Eu- 
rope at Dunkirk, France.28 The highly au- 
tomated 350-ton-per-hour plant features 
extra-large raw storage facilities so that 
processing can continue when bad weather 
prevents dredging at sea. 

India.—Installation of the largest system 
of industrial ropeway in the world was re- 
cently completed.29 Three high-speed rope- 
ways, each designed to carry 450 tons of 
sand per hour, and having a total length 
of 40 miles, were accepted by the Chair- 
man of the Coal Board for commercial 
use. Sand reclaimed from the Damodar 
and Ajoy Rivers is transported to the Jam- 
bad area and used as backfill in coal 
mines. 

Sweden.—A new company, A/S Silver- 
sand,30 was formed in Stockholm to 
dredge and process an extra-fine sand from 
the Baltic Sea near the Danish island of 
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Bornholm. Estimated plant cost was $1.4 
million. 

United Kingdom.—The Sandsfield Gravel 
Co.’s Brandesburton plant in England, de- 
signed to grade sand into both concrete 
and building sand specifications while re- 
moving the impurities,31 began operations 
during 1969. 

There was a marked increase in the de- 
mand for portable or semiportable plants 
by sand and gravel producers in Britain.32 
Alexander Russell and Co. was one opera- 
tor that accepted delivery of a portable 
plant. 

A 35-acre area at Meering gravel pit, 
Newark Quarry, Nottinghamshire, England, 
was reclaimed and returned to agricultural 
use.33 This area is about half of the total 
land area reclaimed by backfilling with fly 
ash pumped in suspension from high Marn- 
ham power station, 4 miles north of the 
quarry. The power station produces about 
400,000 tons of fly ash annually. Backfilling 
operations have been conducted for about 
10 years. 


TECHNOLOGY 


Numerous articles pertaining to mining 
and processing of sand and gravel were 
published. These articles covered such 
items as equipment, flexibility, research, 
management planning, and operational 
control. 

From company records, Nugent Sand 
Co., Muskegon, Mich., documented the su- 
periority of natural gas over oil as a fuel 
for rotary dryers.34 Factors cited for gas 
superiority included the  clean-burning 
characteristics whereby combustion residues 
did not form on dried sand and lower en- 
ergy costs per unit of production. In addi- 
tion, the life of refractory materials almost 
doubled, and nonproductive time for pre- 
heating the dryer was virtually eliminated. 
Company records indicated that purity, 
cleanliness, and granular uniformity, quali- 
ties so important for foundry sand and 
fused-glass ceramic products, were noticea- 
bly easier to achieve with the use of gas- 
fired dryers. 


A 3-year study of heavy media plant 
separation of gravel aggregate production 
was concluded. The objective was to de- 
velop and demonstrate a process control 
that could supplant sample 
From this study, which was sponsored by 


inspection. 


the Michigan Department of State High- 
ways in cooperation with the U.S. Bureau 
of Public Roads, the authors concluded 
that efficient plant control could be main- 
tained by continuous monitoring of the 
specific gravity and consistency of the me- 
dium. They also concluded that product 
yield could be maximized for a designated 
quality of product. 35 

W. D. Jeffery, a Fort Smith, Ark., con- 
tractor, furnished sand and coarse material 
from the Arkansas River to markets in Ar- 


28 Pit and Quarry. New 350-TPH Plant Sup- 
plies Aggregates for Expansion of Port of Dun- 
kirk. V. 61, No. 9, March 1969, pp. 146-150. 

29 Mining & Minerals Engineering. World's Larg- 
est Industrial poveway System. V. 5, No. 2, Feb- 


Q 
62, No. 2, August 1969, p. 28. 

31 Pit and Quarry. New Coal-Sand Separation 
Plant Incorporates Classification and Dewatering 
in One Operation. V. 62, No. 5, November 1969, 
pp. 121-1293. 

32 Mining & Minerals Engineering. New Pattern 
in Mobile Sand and Gravel Plant Design. V. 5, 
No. 6, June 1969, p. 16. 

33 Pit and Quarry. English Gravel Company Re- 
claims Land with Fly Ash Backfill. V. 61, No. 12, 
June 1969, p. 32. 

33 Rock Products. Gas Does the Big Job for 
Nupen Sand. V. 72, No. 8, August 1969, pp. 


35 Volin, M. E., and L. Valentik. Control of 
Heavy Media Plants. Pit and Quarry, v. 62, No. 
6, December 1969, pp. 111-120, 142. 
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kansas and Oklahoma. A 300-ton-per-hour 
waterborne plant, designed to produce two 
specifications of sand products and two 
gradations of coarse material, traveled the 
Arkansas River to stockpile needed mate- 
rials on shore near Clarksville, Ark., and 
Gore, Okla. The contractor also operated a 
typica] floating plant near Little Rock, 
Ark.; a bank plant at Conway, Ark.; and a 
small plant at Sallisaw, Okla.36 

Caterpiller Tractor Co. reported that ele- 
vating scrapers resulted in more economi- 
cal earthmoving in many situations.37 The 
self-loading scrapers have less production 
capacity than comparably rated conven- 
tional scrapers but have the advantage of 
not requiring the help of a pusher. The 
capability of loading materials including 
sand, sandy clay, creek-run gravel, sandy 
silt, and top soil to payload capacity in 
less than 1 minute was demonstrated with 
a 32-cubic-yard elevating scraper. 

Development of a dense-slurry separator 
that operates with water or with a heavy 
media slurry made up of magnetite and/or 
ferrosilicon was announced by Arthur G. 
McKee & Co.38 Separation is controlled by 
the velocity of the uprising current 
through an orifice in the washing chamber 
and variations of slurry density. Oster 
Sand & Gravel Co. stated that its profits 
have been boosted as a result of using this 
equipment.39 Low capital and operating 
costs, excellent separation with negligible 
loss of salable material, and minimum 
maintenance contributed toward the in- 
creased profits. 

An alternate method of solving the 
common foundry problem of sand-sticking 
in chutes, hoppers, and oscillating convey- 
ors was used by Wooster Products, Inc., 
Wooster, Ohio.49 Rather than beating the 
sides of the containers with hammers and 
bars or installing vibrators, heat was ap- 
plied to areas in which sand-sticking oc- 
curred. By increasing the temperature in 
the areas of sand-sticking above the dew 
point (the temperature at which condensa- 
tion occurs), the problem was virtually 
eliminated. 
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The clay content of moldings and mixes 
was determined at the Two Harbors, 
Minn., foundry of Amsco Division, Abex 
Corp., through use of the methylene blue 
test.41 The test was introduced to the 
foundry industry by Baroid Division, Na- 
tional Lead Co. Use of the test to obtain 
total active clay content and collodial clay 
content in sand mixtures made it possible 
to detect promptly changes in sand-bond- 
ing properties and make necessary changes 
before defects resulted. A faster methylene 
blue-test method for active clay was de- 
scribed by W. K. Bock.42 

Personnel of the University of Missouri's 
Industrial Research Center worked under a 
grant from the U.S. Public Health Service's 
Bureau of Solid Waste Management to de- 
termine how ground glass might best be 
blended with asphalt to produce a wearing 
course comparable to, or better than, con- 
ventional limestone-asphalt combinations.43 
The glass-asphalt mixture was tested in a 
2-inch-thick strip (18 feet wide by 58 feet 
long) used by more than 400 vehicles a 
day. Preliminary results indicated better- 
than-normal wear of the test surface. Addi- 
tional tests scheduled include durability, 
skid resistance, and tire wear. The prob- 
lem of grinding glass to a fineness ade- 
quate to eliminate the cutting of tires was 
overcome by using commercially available 
hammer mills. 


3$ Mattson, Ivar T. The Sarah Ann Navigates to 
c=. Rock Prod., v. 72, No. 4, April 1969, pp. 

N Road and Streets. Elevating Scrapers Prove 
Value in High-Production Jobs. V. 112, No. 4, 
April 1969, pp. 68-70, 75. 

38 World Mining. Lightweight Material Removed 
From Sand and Gravel Using Wemco Dense Slurry 
Separation. V. 5, No. 4, April 1969, p. 68. 

3 Rock Products. New HMS Plant Boosts Prof- 
its at Oster Sand & Gravel. V. 72, No. 3, March 
1969, pp. 67-69. 

*9 Brownell, Thomas A. Heat Moves Sticky Sand. 
Foundry, v. 97, No. 5, May 1969, pp. 251-252. 

41 Tarquinio, Tito, and Don Bolding. Sand 
Control With the Methylene Blue Test. Foundry, 
v. 97, No. 2, February 1969, pp. 119-124. 

42 Bock, W. K. Sand Control by Analysis. Foun- 
dry, v. 97, No. 11, November 1969, pp. 66-69. 

43 Engineering News-Record. Driving on Glass. 
V. 188, No. 25, Dec. 18, 1969, p. 60. 
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Table 2.—Sand and gravel sold or used by producers in the United States 
(Thousand short tons'and thousand dollars) 


Sand Gravel Total ! 
Year 7ST. ĩ³ÄWA. u == = Í 
Quantity Value Quantity Value Quantity Value 
1965............... 852,785 $388,051 555,314 $569,365 908,049 $957,416 
19606......-.- soos 868,321 408 , 757 566,160 576, 225 934,481 984,982 
1967 T— 2. ---.- 858,812 409,481 547,087 571,188 905,899 980,619 
1968 r 869,221 438 ,088 548,247 587,019 917,468 1,020,107 
1969 888 880,836 466,067 556,079 604,226 936,906 1,070,302 
r Revised. 


1 Data may not add to totals shown because of independent rounding. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1969, 


by States, uses, and classes of operations 


(Thousand short tons and thousand dollars) 


Sand, construction 


Building Paving 
State 
Commercial Government-and- Commercial Government-and- 
contractor contractor 
Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity 

Alabama. 2,330 32,411 1,208 51,2228 
Alaska 2 70 8 $19 88 1,135 $2,059 
Arizona.. 2,076 2,978 unus  ----.- 917 1,069 1,139 990 
Arkansas-..............- 1,444 1,807 2 2,187 2,843 561 825 
California 22,916 28,988 209 221 13,706 15,893 5,773 6,127 
Colorado 2,184 2, 620 5 16 87 877 434 650 
Connecticut 2,001 2.409. 28525 Sues. 1,668 2,426 153 62 
Delaware 365 495: oo —— omis 252 831 au ee 
Florida 8,024 rr wher: W W . oO: 
Georgia 3,016 2599 Suku 384 30055  ...-. 
Hawaii 476 1,6918 _ - ..... 8 " C pss iste 
Idaho... . .  . . ec cesses. 299 42] — Ll Ä 74 114 76 94 
Illinois 6, 363 6,614! 8,821 8,910 113 68 
Indiana. ................ 4,809 4,520 | ..... 2 4,587 4,243 11 5 
Terme %⅛ D Ems 3,396 9,487 | ..... | ...-- 8,106 9,339 87 21 
Kansas. 3,661 3,374 75 75 2,888 2,630 965 613 
Kentucky...............- 8,800 4. 456  / LL: nez 1,512 /// [ 
Louisiana. 5,988 6,183 79 166 2,232 222*—T Jed 
Maine 334 320- 22052 e 574 530 465 198 
Marvland ------------ 5,705 8,014 . ..... ....- 1,403 2,285 91 32 
Massachusetts 3,150 „81s ` wd ei 2, 534 2, 842 90 85 
Michigan n 8,179 7,172 13 6 5, 366 4, 886 1,715 903 
Minnesota 5, 008 4,5083 22465 seeds 3,231 2,136 1,285 159 
Mississippi. ............- 2,482 241) iue weezer 1,686 1,446 78 99 
Missouri 4, 500 4299 —¼' 1,450 1,487 |. ..... 3 ...-- 
Montana. 249 463 5 12 79 149 3,165 2,536 
Nebraska. 2,387 2,315 2 3 1.211 1,219 85 85 
Nevada... 978 1,543 23 23 428 559 1,043 1,084 
New Hampshire 697 TAS: duckie sees 543 554 664 287 
New Jeraen 6,344 6, 5c 4,189 4, 42e ? 
New Mexico 729 1,005 227 294 429 464 280 364 
New Lokk 9,786 12, 637 43 65 3,143 4,279 290 202 
North Carolina 3,521 8,848 . ..... 3 ....- 887 882 1,759 1,172 
North Dakota. 473 589 _ Ld Bete 161 162 1,183 1,160 
Go0o‚o0‚ ege 7,905 9,685 | ..... 22 8,837 9,982 8 2 
Oklahoma 1, 862 1,943 288 359 939 1,012 781 749 
Oregon 1,415 1, 875 21 43 270 880 103 90 
Pennsylvania 5,094 r xs 8,448 5,473 | ..... | ...-- 
Rhode Island. ........... 643 799992. 195 229 28 29 
South Carolina 2,908 1:961 ` xz. 2 W AV eee AE 
South Dakota 485 529 5 148 207 1,015 982 
Tennessee 1,708 2:DAT ͥ sweden 787 rr. 
TeXxX8as------------------- 6,102 6,151 8 9 4,141 4,742 1,205 1,435 
aht 8 859 1,192 1 2 681 627 2,279 1,975 
Vermont 430 45 | ..... ----- 443 828 156 55 
Virginia 3,852 4,102. u.c. mx 2,999 2,516 26 9 
Washington. 2,681 98,332 (1) 1 905 951 229 246 
West Virginia 1,764 2399. Gaiss sadda 415 661. uz Niece; 
Wisconsin 3,944 rr o x 2,443 2,028 2,072 1,127 
yoming...............- 162 S ě uowbs 130 165 1,696 1,688 
Undistributeadmdʒll . ..--. | -..-.  ----- 917 694. · AA 
lr Luz 169,451 191, 696 1,016 1,320 99,333 107,463 32,123 28,317 
American Samoa.  ----- (MEMO Tt E ToS "ty 
Panama Canal Zone 60 UU aetas ͤ ͤ VV suu. . acces sashes 
Puerto Rico. ... ......... 2,726 6, 730 137 425 1,945 4,445 80 98 


W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 


1 Less than 1⁄ unit. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1969, 
by States, uses, and classes of operations—Continued 


(Thousand short tons and thousand dollars) 


Sand, construction— Continued 


pantera Fill Other 2 
allas — ——ſũ  ——>——.v—- op. 
State (commercial) Commercial Government-and- Commercial Government-and- 
contractor contractor 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
Alabama.......- .....  ....- 79 $91. L2 i W^ uz — Eee 
Alaska. -2 Soc ----- 13 19 134 )! ͤͤͤK see atece 
Arizona.. ..---.-- .---. ----- 629 199 3 36 W See --.--- 
Eee uo. Mees, E 222 / AA Sites, tas 
California W 3,991 3,854 628 605 498 3527 4 34 
Colorado 202 148 80 87 5 88 2 1 
Connecticut..... .....  ....- 813 180 15 10 214 292 25 16 
Delaware........ ..... ----- W „ W. n 
Florida.......... .....  ....- W W 671 531 W W zones. ----- 
Georgii... 8 22 17 ‘gto % Ü˖—w- ] Ä] === tee 
Hawaii... ----- ----- 9 JO utl. usc 8 IT a mes 
Idaho........... 1 W 24 16 18 14 (1) 
Illinois. W 230 138 W W -.`_A---- ..--- 
Indiana......... W W 1,528 9767 m susan w W 14 9 
Iowa w W 1,42 1,026 2 1 W 8 1 
Kansas W W 1,306 659 59 30 131 188. B 
Kentucky....... W W 875 T68. ux uses W | W ....- ..--- 
Louisiana W W c educ tte, “sus 
GING cece nO eee 327 148  .....  ..... W W 29 10 
Maryland....... .....  ...-. W OW: o ( sanaa W | W ...- ..--. 
Massachusetts. 561 283000 785 907 7 
Michigan. 4,189 2,076 356 148 W W 135 68 
Minnesota 13 W 622 828 42 19 w w 1 14 
Mississippi W W W W _ · aa W W: um wi. 
Missouri W W 325 290- x — mense 85 102' Soses wee 
Montana W W 21 11 34 43 243 121 
Nebraska. 635 680 14 7 2 . see 
%! 88 125 122 6 4 8 16 16 16 
New Hampshire. 714 322 18 6 48 3222 
New Jersey . 1,363 66  ..... ----- 86 120. focus. 8 
New Mexico 13 $13 76 25 I]. fe Be 2 
New York....... ..... ----- 1,522 1,059 3,171 1,589 806 877 721 832 
North Carolina... W W 189 187 341 256 W w 501 161 
North Dakota.. 162 120 zeci ue 5 G- noz ur 54. 
G suis 1,670 1,06 804 349. ere, SS 
Oklahoma W W 280 192 5 4 214 188 ill. 2224 
Oregon W W 417 396 6 3 8 70 12 12 
Pennsylvania 89 188. iiie ieee 235 C Iis 
Rhode Island.... .....  ..... W % W W ( 
South Carolina W W W D ECOL 
South Dakota. .....  ....- 68 54 1 I “smo Ge 21 12 
Tennesse W MW. arobe demens W M orto unb 
Texas. ---------- 2- ----- 927 624. WW. Sussi 301 298  .....  ...-- 
CCC say Galo eee 119 66 80 40 w 24 24 
Vermont.. 65 29 — eus w WwW 16 9 
Virginia W W 571 320 42 15 W W^ xz ES 
Washington W W 718 416 31 15 86 84 125 81 
West Vireinis --.-.  ----- W W 23268, nene W W. uum ës 
Wisconsin... ..... ..... ----- 2,080 1,043 156 TO W W 288 119 
Wyoming........ .....  ..... T4 80 1 L iz eee. aiao sos 
Undistributed.... 636 543 6,981 5,987. . ic Ganis 1,898 1,230 
Total. 668 556 35,507 24,117 6,128 3,745 5, 431 5,818 2,168 1,014 
American , ⁵ ↄ xy ⁵ /// Aeneas ß senas 
Panama Canal 
!! (˙ĩ˙¹ Saeed). eren, ` ee, eer — qur! Ee, ff 
Puerto Rico. .... .....  .-.-. 1.012: 21.20D. m ⁊ðx x 8 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
1 Less than 1 unit. 
? Includes unspecified. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1969, 
by States, uses, and classes of operations—Continued 


Glass Molding Grinding and Blast Fire or furnace 
State polishing 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
Alabama........ .....  ...-- W N! AAo Aaner W W 
J7%%%ö%Ü lll“ ½ TTP 
ATONA r æꝶvd ⁊ð ) ß m 8 W W um l l l ----. 
Arkansas 14 W 208 „ W. uvm ët 
California 1,366 $6,533 W W susan — umi 263 $1,288 w W 
% ugnu beece: ß m ͤ œ—. ˙— 0 W W W 
Connecticut.. -_-.-. 22- W N nesa. ddeon uuene. Geess Boneg 
( coesa: Eeer ges . Beet, ]⁴ů ꝝͥↄ y ęꝗ œ ̃% ůͥ!i!ß!ß NASSE 
Florida W W W NN W We (552561, cuneus 
Georgia W W W MO ense Sida W ANS ee eee 
Hanane EENEG 
Idaho ` W Wet EE W W 22222 22 
Illinois 2,137 5,102 1,159 $4,305 w W 150 TOO. mnes. . xime 
Indiana W W W We Meet TOU Bd W W 
VOWS EENEG W NN neus W Wo esena ea 
WKanSae u 2 . . nas eee, o Qucm W NW . Meets 
Kentucky 5e. dum V Gatien. — We Sasi W M? ime. — bes 
r ð ð ↄ y y te ee W W ume ee 
III nos ` Ee ahuin hee we Ce ^ queue ] ncc A 
Maryland. N me W W W W- xam. ë nml 
Massachusetts. W W; Seton goaie W T 
Michigan W W 4,468 8,784 ......  ..... (1) W. dele X LL 
Minnesota W W W W: utto LS 22 W NR K 
Mississipp iii W 77! ³ꝛ. «ates eene arees umen 
Missouri 588 1,744 W W W W W TTF Chests 
Montana- 2222 ⅛ f UM ¹˙¹i¹¹ꝛeyy ³ -- =a w NW Lee 
/ A ³ A dason GBA EL Sees ` ` ée (1) (1). emer. Lue 
Nevada W w Ww NR! d aaa E w W 
S // jl. Besos: ume “ates: ieee 8 
New Jersey 1,337 5,669 1,431 5,216  .....  ..... 129 647 73 $115 
New Mexico ccas. qarr do—ARU. «beige. “tien, Bae wise aaiae weeds ᷣͤ eee 
New York... .... ...-.  ....- 166 C/ Giada eea., oaea ͤ K 
North Carolina . .. , , . , , Sone 
North Dakotas- cessu Gok Adega. lxv ðᷣ u ees fee hee enaA 
Ohio............ W w 525 2,2828282 W W W W 
Oklahoma W w W W ..... 22 W We uou EAE 
Orrego- enaa. «] « mdf. ꝙ ˙ AA Watwa- (Luc. . quodis 9 4. use nuce 
Pennsylvania.... W W 542 869 W w W W 38 132 
Rhode Ieland .....  ..... Woo ETHER EEN 
South Carolina... W W W NN Sosia 17 90 W 
South: Dak0taz-s2 .enned. ĩ³ꝛoðW¹ ] 5mo q / · ‚ ˙¹¹w¹m uen. ` gg, ` Melen, d cet 
Tennessee W W w AW. wes xs w w 13 31 
Texas.. W W W W ` ͤ week MW w w W 
J Mee | teas x ĩ ß alo ul 2 O° eee wees 
% ³«ð́ͥLu Boake d ³ĩWW.. ð m « rtf ` Ee 
Virginia W /f u ³A A ³ A As eee W W 
A caste Beles ³W6A 8 W AM au. adeat 
West Virginia W W W W W W W W W W 
Wisconsin funda ged Ww W 916 2,5111661 68 236° asa. Cubo 
WYOMING fl ` Rem anena ð⁵IU P ] ] ff 
Undistributed. _.. 4,972 17,350 1,574 6,055 354 $995 573 3,678 349 727 
Total..... 10,547 36,398 10,989 30,741 354 995 1,219 6,743 473 1,005 
American Samóa. ⁵ Bike denos Ae eeh, eS ] ↄ x e 8 
Panama Canal 
ONE- Getto ftoi m é PP ] œ , ̃ » ²ẽ —U¹I . ð ] ðèͤ pp ⁊ð la 
Puerto ; ] x] eee: Bees Boies celeste ĩ . daze „ 


(Thousand short tons and thousand dollars) 


Sand, industrial (commercial) 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 


1 Less than 14 unit. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1969, 
by States, uses, and classes of operations—Continued 


State 


Quan- 
tity 


Colorado 
Connecticut 


Louisiana . 
Maryland....... 
Massachusetts 
Michigan W 
Minnesota W 
Mississippi. ....- 
Missouri 


New Hampshire Ww 
New Jersey W 
New Mexico 


North Carolina 
North Dakota 
Ohio. ........... W 
Oklahoma 
Oregon W 
Pennsylvania W 
Rhode Island 
South Carolina W 
South Dakota 
Tennessee 


Virginia 

Washington 
West Virginia W 
Wisconsin W 
Wyoming 
Undistributed . - - 


American Samoa. 
Panama Canal 


(Thousand short tons and thousand dollars) 


Engine 


Value 


eg wm em = wm 
we æ - = — 
— em ms wg 
— m e emp 
æ a on — — 


Sand, industrial (commercial) - Continued 


Filtration Oil (hydrafrac) Other 
Quan- Value Quan- Value Quan- Value 
tity tity tity 
MEET EEA OSSA W W 
(> W Ww ` WO div ullo 
EE 45 
w w w W 52 $195 
W W W W 
W MP. mms. A pedals: PURJE 
W W ... - W W 
W W' ( — ec W W 
um E W W 
W W W W w WwW 
% eel i ce ede W W 
w W 22602 aanu 
ee ͤ—- ᷑̃ĩF | eee W W 
Supr orsus IIR. - W w 
% LU E aert W W 
w ü Y = ðᷣ — die eere 
F ciate, “clyde, SS Sas W W 
898 W W ..-.- TENE 
W, W ... .--- W wW 
j n E: W wW 
W NN Xss W (1) 
W W W W 162 775 
W NWR W W 
W Wo ollc& fent | eee. SUnde 
W W Ll - W W 
Shoes. ES (1) W W W 
EECHER W W 
Dunn LUE (1) w 170 510 
W W .. W w 
j 888 W W 
W W W 57 153 
)) ͤ ĩ ĩᷣͤ E W W 
W W OO | W W W 
W W W W demie “ela 
194 $745 274 $2,046 1,664 5,189 
194 745 274 2,046 2,150 6,822 


Ground sand 


Quan- Value 
tity 
E NE. 
87 $813 
^W W 
w W 
W W 
W W 
W W 
w W 
W wW 
^W Ww 
W W 
^W W 
131 1,270 
W W 
Ww W 
W w 
51 711 
104 834 
WW W 
107 744 
11 80 
^W wW 
54 483 
w 


W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 


1 Less than La unit. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1969, 
by States, uses, and classes of operations—Continued 


Building 
State Commercial Government-and- 
contraetor 
Quan- Value Quan- Value 
tity tity 
Alabama 2,240 $8,049 --.. LLL 
Alaska 8 89 93 $206 
Arizona 3,420 4,43 
Arkansas 1,675 2,821 5 5 
California 24,984 33,190 508 522 
Colorado „942 4,819 28 75 
Connecticut 1,488 2,408 .....  ..... 
Delaware.......- 75 164. eer: — 
Florida W h' ECOL 
Georgia W „ 
Hawaii 2 50 —— 
Idaho..........- 845 511 1 5 
Illinois 8,384 8, 409 4 2 
Indiana 3,498 4,528 
Iowa 1,362 2,419 ......  ..... 
Kansas 253 281. iz saaka 
Kentucky......- 980 1,244  Á .....  .....- 
Louisiana 6,269 8,275 151 314 
Maine 198 BOG? x cuu 
Maryland....... 9,588 6,.110wĩwU 
Massachusetts... 3,149 5,1175 
Michigan 7,291 11,087 11 
Minnesota 3, 680 ,628 22222 8 
Mississippi 2,428 2,797  .....  ..--. 
Missouri „869 8,098 0 ——8 
Montana 377 547 4 12 
Nebraska 1,519 1,848 10 97 
Nevada......... 1,307 2,392 19 19 
New Hampshire 748 1,120  .....  ..... 
New Jersey...... „595 5,092  .....  ..... 
New Mexico..... 860 1,429 197 248 
New Tork 4,787 7,288 | ..... — 
North Carolina... 1,228 2,221 _ `  ..... 
North Dakota 411 821 3 
Giese 8,699 11,299  Á .....  ..... 
Oklahoma 1 31 33 72 
Oregon 2,942 3, 705 280 360 
Pennsylvania. 8,680 5, 900  ..... 
Rhode Island 721 1,074 . l uz 
South Carolina W Wi eg 
South Dakota.... 217 313 624 629 
Tennessee 692 956 der ',• 
Texas. 5,488 7,981 8 4 
Uta g 1,204 1,844 2 8 
Vermont........ 593 988 | .....  ..... 
Virginia 2,501 4, 59hv e 
Washington 4,705 5,998  Á .....  ..... 
West Virginia. 1,420 1,892 ......  ..... 
Wisconsin....... „236 4,145  .....  ..... 
Wyoming.......- 220 3444 
Undistributed.... 1,935 3,920 — ---- 
Total. 133,645 189,422 1,976 
American Samoa» .....  ..... „ 
Panama Canal 
PONG Eeer eet. gated shy 8 
Puerto Rico. .... 1,760 5,890 


(Thousand short tons and thousand dollars) 


Paving 
Commercial Government-and- 
contractor 
Quan- Value Quan- Value 
tity tity 
1,034 $1,274  .....  ....- 
175 414 3,756 $5,798 
2,098 2,469 4,789 „03 
3,722 4,175 2,038 1,697 
80,086 38,139 15,128 13, 425 
3,645 4,619 7,883 11,742 
1,003 1,354 827 299 
1,057 Zb, teen, datws 
W 1 (1) 
(1) Wo ces 
5 D MC 
1,078 1,157 5,801 4,496 
11,321 13,307 514 337 
,798 8,984 888 469 
6,939 5,871 1,611 1,086 
1,224 1,079 1,196 766 
655 903 238 118 
9,024 4,059 186 136 
1,008 988 7,702 3,204 
1,240 2,295 150 
8,539 4,252 2,868 2,676 
19,647 17,637 4,956 8,094 
27,039 20,269 4,772 3,198 
4,277 4,898 271 352 
1,019 978 58 50 
1,049 1,245 9,618 8,119 
5,972 6,676 132 567 
1,465 1,506 1,991 1,728 
793 986 1,298 571 
1,882 2,489  .....  ...-. 
1,076 1,376 4,374 4,943 
3,882 4,599 5,580 4,887 
1,133 1,379 409 260 
2,613 2,630 1,746 1,619 
15,292 20,218 22 19 
51 70 99 
5,191 6,646 3,220 5,049 
8,476 5,714  ..... 
975 390 48 87 
W „„ 
2,282 2,188 6,222 5,822 
1,405 1,508 579 475 
5,728 8,056 4,515 5,179 
2,417 2,686 10,264 7,484 
701 69 521 183 
1,271 1,940 1 
6,504 7,672 6,018 5,028 
928 1,3788. 
16,123 13,355 8,085 5,319 
„521 2,210 2,378 2,351 
277 040  .....  ....-. 


Gravel, construction 


Railroad 
ballast 
(commercial) 
Quan- Value 
tity 
^ W 
70 392 
W W 
W 
17 Ww 
W WwW 
W W 
W W 
36 51 
W W 
12 19 
178 260 
198 139 
98 140 
16 21 
W W 
w w 
133 58 
W W 
^W WwW 
w w 
Seier. Manet 
1 1 
W Ww 
W W 
157 107 
295 110 
989 973 
2,189 1,971 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 


!Less than Le unit. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1969, 
by States, uses, and classes of operations—Continued 


Fill Other 
State Commercial | Government-and- Commercial Government-and- 
contractor contractor 
Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity 
Alabama W | NW 2 ----- 152 $190. usns 
Alaska 686 $492 10,136 $9,257 : : 
Arizona 1,140 1,379 25 3 GG 
Arkansas 5 AD. ͤ ³ A ^ Tu W „ 
California 1,479 1,883 460 446 736 876 uses. zzz 
Colorado. ....... 877 865 813 647 WwW W. eee eel 
Connecticut 790 383 44 33 146 7777 uh 
Delaware W ANO ¿22 WwW „ es 
Florida W W eee o ordo. I0 uA — uiv 
Georgia W Nh | AAA a 
ö Gees ⁵ ⁵ ̃ ⁵ mm en y see (ROMS 
Idaho 167 114 544 279 62 50 9 39 
Illinois 1,508 1,2783 22222 — uL WwW W seed week 
Indiana 2,471 1,680 9 4 W „ 
I. % (1) W 9 4 
Kansas. ------- 85 d. iles dedu 18 S . mense 
Kentucky......- 121 87 1 (1) W W 26552 “Sees 
/ ² ä AA ⁵ ꝗ T 
a ine 256 128 38 12 W W saiz cms 
Maryland....... W W 8 1 W W. s cue 
Massachusetts... 1,849 1,356 2 2 249 851 1 2 
Michigan........ 825 247 246 111 80 00. aan uz 
Minnesota....... 1,428 617 159 64 62 60 28 13 
Mississippi W 2. mum W W. eee encas 
Missouri 41 28. clc. 8 5 B: lel andae 
Montana 155 109 279 158 94 152 1,119 560 
ebrask a 60 84 4 EE 
Nevada......... 850 294 871 865 (1) W 59 78 
New Hampshire 479 298: A 47 J 
New Jersey...... 296 245^ ossea aao 174 SLO. serro — uie 
New Mexico 45 29 201 194. ca 23 22 
New Vork 1,845 1,168 3,364 1,820 W W 68 63 
North Carolina... W ff A ĩ / 
North Dakota 109 70 9 A Sey | ͤ ͤ(— T 
Oise 3,700 2,827 2 1 W W — aaa --.-.-. 
Oklahoma W W Gum eee 7 NM. susu e 8 
Oregon 567 451 120 71 958 1,110 82 97 
Pennsylvania W W. dues 88 105 osuisi sex 
Rhode Island W f ³—Ü.¹ ] ³o· mm ] rr x fßß pac 
South Carolina W JJ ͤ dd c Sl oe 
South Dakota 43 38 19 MS. shoe. ¼— Soe 
Tennessee W W 40 40 W „ 
Texas. 280 162 12 6 488 639 ses 
ahb 287 148 858 604 34 AQ! Dades: unu 
Vermont........ 229 Ig: Outil exte W W. ise dudes 
Virginia W W W js As 
Washington...... 1,248 942 9,749 4,888 628 527 68 42 
West Virginia W „ ENEE 
Wisconsin 1, 693 981 538 253 15 15 7 5 
Wyoming 51 38 6 4 Bikes: “ese eee. Aguen 
Undistributed.... 2,919 1,7644 1,251 1,497 cozii  ....- 
Total..... 27,078 19,255 28,240 19,481 5,249 6,398 1,428 890 
American Samoa_ i. eege, ` gt ]«̊i f ß - ----- 
Panama Canal 
%%%/%%%ͤ%ͤ— BSS e Ee maaua. . ⁵ ę !... ° ce 
Puerto Rico 675 C/ munie: EEN 


(Thousand short tons and thousand dollars) 


Gravel, construction—Continued 


Gravel, 
miscellaneous 
(commercial) 
Quan- Value 
tity 
W W 
12 329 
21 31 
1,441 2,182 
215 303 
147 192 
97 196 
W W 
W W 
W W 
506 518 
W W 
98 88 
160 151 
84 227 
260 224 
106 202 
17 44 
380 461 
W W 
32 32 
561 1,005 
9 24 
9383 157 
W W 
W W 
9 8 
W W 
1 1 
24 39 
W W 
72 123 
38 84 
1,790 3,175 
6,178 9,441 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 


1 Less than 14 unit. 
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Table 5.—Sand and gravel sold or used by Government-and-contractor producers in the 
United States, by uses 


(Thousand short tons and thousand dollars) 


Sand 
Year Building Paving Fill Other 
Quantity Value Quantity Value Quantity Value Quantity Value 
1965.... 816 $328 37,460 $29,695 14,824 $7,112 2,722 $2,038 
1966.... 808 943 37,087 29,702 12,920 8,430 1,663 927 
1967 660 800 r 88,497 r 31,512 11,747 8,737 2,738 1,836 
1968.... 819 893 95,550 27,297 7,327 3,997 2,615 1,920 
1969.... 1,016 1,320 32,123 28,317 6,123 9,745 2,168 1,014 
Gravel Total Government- 
and-contractor sand 
Building Paving Fill Other and gravel ! 


 umaawa—— —Á— a — , —  — nF 


Quan- Value Quantity Value Quantity Value Quan- Value Quantity Value 
tity tity 


1965____ 1,297 $1,028 149,111 $138,800 45,143 $35,410 1,292 $1,347 252,165 $210,758 
1966.... 2,869 3,131 158,709 134,180 39,298 29,268 1,530 1,441 254,884 208,022 
1967.... 863 1,074 153,274 182,784 26,145 21,500 4,374 4,062 7238,298 r202,233 
1968.... 1,830 1,841 121,893 108,808 32,837 27,679 3,934 3,972 206,805 171,827 
1969.... 1,976 2,522 133,127 116,774 28,240 19,481 1,423 890 206,189 174,070 


t Revised. 
1Data may not add to totals shown because of independent rounding. 
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Table 7.—Sand and gravel sold or used by producers in the United States 
by classes of operation and degree of preparation 


(Thousand short tons and thousand dollars) 


1968 1969 


Quantity Value Quantity Value 
Commercial operations: 
Prepared. ...............-....- r 649,554 r $810,017 668,150 $854 , 470 
Unprepared...................- 61,109 38 , 688 62, 569 41,766 
// ĩ ˙— bees r 710, 663 r 848, 705 730,717 896,234 
Government-and- contractor 
operations: 
Prepared. ....................- 160,663 137,922 156,394 142,967 
Unprepared. ..................- 46,142 33 , 407 49,793 31,103 
rr AA 206, 805 171,827 206,189 174,070 
Grand total 11122. 917,468 71,020,107 936,906 1,070,802 
r Revised. 


1 Data may not add to totals shown because of independent rounding. 


Table 8.—Number and production of domestic commercial sand and gravel plants 
by size of operation 


1968 1969 


Annual production Plants ! Production Plants ! Production 
(short tons) — — —ä6—äũ'—ſ̃ —eä—ũ—ꝓ— c y—sK—səaoa""] s s+ sqÑ+ODLM — 
Number Percent Thousand Percent Number Percent Thousand Percent 


of total short tons of total of total short tons of total 

Less than 25,000.......... 2,404 88.2 r 25,825 3.6 2,375 37.7 26,219 3.6 
25,000 to 50,000_______-_- 1,026 16.3 38 , 268 5.4 1,047 16.6 88,518 5.3 
50,000 to 100, 000 1,039 16. 5 76,197 10.7 1,023 16.2 74, 626 10.2 
100,000 to 200, 000 854 13.5 r 122, 762 r 17.3 855 13.6 122,222 16.7 
200,000 to 300,000... 420 6.7 r101,740 r 14.3 414 6.6 100,416 13.7 
300, 000 to 400,000......... 168 2.7 r 59,250 8.3 208 3.2 72, 899 10.0 
400,000 to 500,000....... 127 2.0 r 56,200 8.0 113 1.8 50,139 6.9 
500,000 to 600,000_______ 80 1.3 43 ,979 6.2 81 1.8 44,377 6.1 
600,000 to 700, 0000 45 7 29, 441 4.1 40 .6 25,810 8.5 
700,000 to 800, 000 19 .9 14,483 2.0 41 6 30,794 4.2 
800,000 to 900, 000 80 .5 25,479 3.6 20 .9 17,072 2.9 
900,000 to 1, 000, 000 18 3 17,063 2.4 18 .9 17,278 2.4 
1,000,000 and over 66 1.0 100,481 14.1 73 1.2 * 110,352 15.1 

Total.. bears 6,296 100.0 :710,663 100.0 6,808 100.0 730,717 100.0 

r Revised. 


1 Includes a few companies operating more than 1 plant but not submitting returns for individual plants. 
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Table 9.—Sand and gravel sold or used in the United States, by classes of 
operation and methods of transportation 


1968 1969 
Thousand Percent Thousand Pereent 
short tons of total short tons of total 
Commercial: 
Truck EE r 616,891 67 641,762 69 
7;ö§Ä˙Ü5—. De ALL uyu E r 58,199 6 56,565 6 
Water wav 34, 294 4 81,912 8 
Unspecified...........................- 1,279 (1) 477 (1) 
Total commercial 2222 r 710,668 77 730,717 18 
Government-and-contractor: Truck 22. 206,805 28 206,189 22 
Grand total?.... ...................- r 917,468 100 936,906 100 
r Revised. 


1 Less than 0.5 percent. 
? Data may not add to totals shown because of independent rounding. 
3 Entire output of Government-and-contractor operations assumed d 'be moved by truck. 


Table 10.—Ground sand sold or used by producers in the United States,1 by uses 
(Thousand short tons and thousand dollars) 


1968 1969 
Use — —[ r nƏmD-. —ę—ü— -. 
Quantity Value Quantity Value 

Abrasives eee 179 $1,733 253 $2,191 
Chemicals occa ee ee 96 291 
ee Soe sea LS SZ ease 13 143 5 498 
FI. ⁰ 8 117 988 123 1,258 
Foundry uses 183 1,141 274 1,725 
CCC tee 207 1,357 830 1,951 
Pottery, porcelain, tile 258 2,708 269 2,918 
Unspecified- ..........................-.- 295 8,128 309 98,182 

Totált. c ln lc y s s cbe sa 1,348 11,733 1,900 14,460 


! Arkansas, California, Florida, Georgia, Idaho, Illinois, Indiana, Kansas (1968 only), Kentucky, Louisiana, 
Maryland (1969 only), Michigan, Minnesota, Missouri, New Jersey, New Vork, Ohio, Oklahoma, Pennsylvania, 
(1968 5 Tennessee, exas, Utah, Virginia, Washington (1969 only), West Virginia, and Wisconsin 

only 

2 Data may not add to totals shown because of independent rounding. 


Table 11.—U.S. imports for consumption of sand and gravel, by class 


(Thousand short tons and thousand dollars) 


Sand, n.s.p.f., 


Glass sand ! crude or manufactured, Total 
Year and gravel 
Quantity Value Quantity Value Quantity Value 
196777 44 3159 588 $753 632 $912 
1968. ........ 25 144 729 984 754 1,128 
19699. 43 194 854 1,258 897 1,447 


1 Classification reads: “Sands containing 95 percent or more silica and not more than 0.6 percent oxide of 
iron and suitable for manufacturing glass. 
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Silicon 


By Frank L. Fisher 1 


Production of silicon metal and ferrosili- 
con increased to meet sharply rising de- 
mands for a wide variety of products. A 
worldwide shortage of ferrosilicon, espe- 
cially in Europe, was reflected in higher 
prices for the major silicon-bearing ferroal- 


loys. High-purity metal continued to make 
impressive gains in electronic applications, 
especially in silicon carbide and nitride 
fibers and whiskers, and in numerous new 
uses for silicones. 


DOMESTIC PRODUCTION 


Production of silicon metal showed a 
slight increase over that of 1968. Consumer 
stocks remained relatively unchanged. The 
rise in production paralleled the world- 
wide increase in demand for the ferroal- 
loys. In addition, a wider variety of ferro- 
silicon types and grades, plus closer quality 
control, were made necessary by a change 
in demand from a greater number of elec- 
tric furnaces with larger individual capaci- 
ties. 

Demand for both monocrystal and poly- 
crystal high-purity silicon rose sharply dur- 
ing the year. The increase was particu- 


larly significant in new uses for silicon car- 
bide and silicon nitride fibers and whis- 
kers. The production of both high-purity 
silicon and ferrosilicon continued to be ad- 
versely affected by the shortage of low-cost 
electric power required for their produc- 
tion. The Carborundum Co., world's larg- 
est manufacturer of silicon carbide, an- 
nounced plans for a major expansion of its 
facilities with construction of a multi- 
million-dollar plant at Jacksboro, Tenn. 


1 Physical scientist, Bureau of Mines, Minnea- 
polis, Minn. 


Table 1.—Production, shipments, and stocks of silvery pig iron, ferrosilicon, and 
silicon metal in 1969 1 


(Short tons, gross weight) 


a 


Silicon Producers’ Producers’ 

Alloy content stocks as of Production Shipments stocks as of 

(percent) Dec. 31, 1968 Dec. 31, 1969 
Silvery pig iron 5-20 r 46,981 216,586 240,458 27,786 
Ferrosilicon_______ 21-55 81,944 396,032 892,167 86,942 
DOs ete oe 56-70 8,992 12,145 12,568 8,846 
S7! - E E 71-80 12, 788 98,499 97,197 14, 613 
DOs 52652282 ⁊ 2.2. 81-89 3,157 27,708 28,781 2,245 
S see eee? 90-95 121 873 924 214 
Silicon metall. 96-99 4,858 100,890 102,226 8,778 
Ferrosilicon briquets........ 40-50 2,111 69,993 68,548 8,173 
Miscellaneous silicon allo ys. 5,411 86,828 86,794 5,259 


r Revised. 


! Excludes ferrosilicon used to make other silicon alloys. 
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Table 2.—Producers of silicon alloys and/or silicon metal in the United States in 1969 


—araTawraaaaar UM DO DAMM oai Cho LLL wa rsrsinr s 


Producers Plant location Product 
ee 
Air Reduction Co., Inc., Airco Alloys and Carbide Calvert City, K -- FeSi. 

Division. 
P DRE Niagara Falls, NY XW. FeSi, silvery iron. 
Calumet & Hecla, Ine Selma, Ala. FeSi. 
Chromium Mining and Smelting Corp... ss... Woodstock, Tenn Do. 
Foote Mineral Co. ....:......-..........-....-- Graham, W. Va- Do. 
TG RHONE TERM Keokuk, Iowa. cnn silvery i iron. 
/) ͥ ⁰˙A i . 88 Vancoram, Ohioo FeSi. 
enee Wenatchee, Wash. ...........- Do. 
The Hanna Furnace Corp pf las Schl at ae eee aes et ec etal Buffalo, N.Y_.---------------- Silvery iron. 
Hanna Nickel Smelting Coo Riddle, Oreg------------------ FeSi. : 
Interlake Steel Corp. ................-......-.-- Beverly, Ohio FeSi, silvery iron, Si. 
Jackson Iron & Steel Coo Springfild, O V N iron. 
National Metallurgical Cord pringfie CCC i hs 
Ohio Ferro-Alloys Corp... Brilliant, Ohio FeSi, Si. 
8 i225: mna sss 88 Philo, Ohio. ................-- Do. 
DO E MEDECIN e Powhatan Point, Ohio. ........ Do. 
Ee Be ae cle eU MM IE Tacoma, Wash. ............-..- Do. 
Reynolds Metals C( oo Sheffield, Ala Si. 
Union Carbide Corp., Ferro Alloys Division Alloy, W. Va____------------- FeSi, Si. 
mee ne 8 Ashtabula, Ohio FeSi. 
)))) 8—- Marietta, Ohio Do 
DS JJ SAN A E E L E IEA Portland, Oreg............-.-. Do. 
EE Sheffield, Ais... Do. 
Woodward BT caste eens eccl ie DE Woodward, Ala Do. 


CONSUMPTION AND USES 


The use of silicon and its compounds in- insulators, and special molds. Consumer 
creased over that of 1968. Consumption of stocks of ferrosilicon and high-purity sili- 


silicon in conventional uses such as silvery con were unchanged at the end of the 
pig iron, ferrosilicon, and silicon metal 


Snowe’ slight gains. ks major increase The fastest growth in consumption of sili- 
was realized in widespread applications as 


Gg DS Gees cones during 1969 was reported for room- 
silicones, silicon carbides, and nitrides. Sil- icanizi Oth 
cones, the name adopted for the silicon-ox- temperature vulcanizing (RTV). ET 
ygen polymer chains, were widely used major uses were for resins and heat-curable 
during the year as fluids, resins, and elas- rubber. Silicon nitrides and carbides were 
tomers for adhesives, sealants, lubricants, used in increased quantities in high tem- 


year. 


Table 3.—Consumption by major end uses and stocks of silicon alloys and metal 
in the United States in 1969 


(Short tons) 
Silvery Ferrosilicon ! Silicon Miscel- 
pig iron ————————————————————————————- metal laneous 
Silicon content (percent) silicon 
———————————————————————————— ——— alloys? 
5-24 25-55 56-70 71-80 81-95 96-99 
Steel: 
Carbon 11,228 117,387 4,861 26,016 223 1,721 16,148 
Stainless and heat- 
resisting.............  .....- 19,152 847 6,979 189 198 251 
Alloy (excludes stainless 
and heat-resisting).... 6, 224 42,556 4,849 31,895 1,698 1,402 7,164 
i EEN 2,921 50 537 W W 72 
gan Fons. 8 141,016 185,432 1,986 19,743 7,596 Ww 59,644 
vuperalloeng.. ss w 364 — W W 53 17 
Alloys (excludes alloy steels 
and superal loys) EE 65 8,331 w 207 8,801 42,016 4,648 
Miscellaneous and unspecified 4,979 14,092 488 878 1,141 20,436 807 
Total.. .-..--------- 163,512 384,635 12,526 85,755 14,648 65,826 88,751 
Consumer stocks Dec. 
1969 —v•ñ 18,698 28,378 943 7,871 1,632 5,466 7,261 


w alee to avoid disclosing individual company confidential data; included in ‘‘Miscellaneous and 
unspec 


ncludes briquets. 
Includes magnesium-ferrosilicon and other silicon alloys. 


SILICON 


perature applications because of their ex- 
ceptional insulation, hardness, and rigidity 
under elevated temperatures. Three com- 
panies comprised the 1969 silicone market. 
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Dow Corning Corp. was reported to have 50 
percent of the volume, The remainder was 
equally shared by Union Carbide Corp. and 
and the General Electric Co. 


PRICES 


Silicon metal prices vary with the per- 
centage of iron contained. Silicon metal 
with a maximum of 0.35 percent iron was 
quoted at 21.55 cents per pound at year- 
end after four across-the-board increases. 
The metal with 1.00 to 1.50 percent iron 
content was 18.65 cents per pound. The 
price of 50-percent-grade ferrosilicon in- 
creased from 13.8 cents per pound of con- 
tained silicon at the beginning of the year 
to 14.1 cents per pound in December 1969. 
The price of electronic-grade, high-purity 


silicon remained high, but its use in elec- 
tronic and other applications required only 
minute quantities per unit or device. At 
the end of 1969, solar-grade high-purity 
silicon was $70 per pound and the semi- 
conductor or electronic grade was quoted 
at $130 to $355 per pound. As the prices 
for the many silicon-bearing ferroalloys are 
usually based on the amount of contained 
silicon in the alloy, these alloys generally 
followed a uniform price change after the 
announced changes in silicon metal prices. 


FOREIGN TRADE 


Exports of ferrosilicon dropped sharply 
during the year; 6,487 tons valued at 
nearly $1.7 million were exported. Canada 
and the United Kingdom were the major 
importers of United States metal and ac- 
quired 69 percent of the quantity shipped, 
valued at $1,095,056. Twenty countries re- 
ceived shipments varying in quantity frem 
1 to 670 short tons. Imports for consump- 
tion increased substantially in quantity 
and value for all grades. The major rise in 
imports was for 60 to 80 percent silicon 
grade. Norway, France, and Yugoslavia 
were the major sources of supply. 

Imports for consumption of silicon metal 
with less than 99.7 percent silicon content 
were 58,880 pounds gross weight containing 


Table 4.—U.S. exports of ferrosilicon 


Year Short Value 
tons (thousands) 
E 11,774 $3,228 
0 5:575 ass: 18,872 4,481 
1969 d 2 cce Rem 6,487 1,666 
55913 pounds of silicon valued at 


$1,178,000. Italy supplied 52,947 pounds of 
the metal, with the remainder coming 
from the United Kingdom. Imports of sili- 
con metal with more than 99.7 percent sil- 
icon content totaled 78,938 pounds valued 
at $2,742,743 and were from six countries, 
with 89 percent coming from West Ger- 
many. 
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Table 5.—U.S. imports for consumption of ferrosilicon, by grades and countries 


1967 
Grade and country Short tons Value 
———————————-  (thou- 
Gross Silicon sands) 
weight content 
8 percent and less than 60 
percent silicon: 

anada............- 10,673 1,846 $621 
Fanese zz 215 116 67 
Germany, West 502 242 144 
e ß 
Japan 2,621 1,265 698 
Norway 552 247 180 
South Africa, 

Republic sr... ------ ------ 

Total 14,563 3,716 1,710 

60 percent and not more 
than 80 percent silicon: 

Canada L u ̃ ͥ ͥò. wN. Bee, rr. GD D 
France 5,498 3,922 1,093 
Germany, West. 887 545 306 
India 110 87 1 
ö ⅛o» AA. . ` ët 
Norway 6,601 5,018 941 
Portugal............ 21 21 4 
Rhodesia, Southern. 
South Africa, nee... 
South Africa, 

Republic o 549 420 84 
Sweden 1,918 1,450 268 
Vugosla via 

Total. tobe. 15,585 11,463 2,705 
Over 80 percent and not 
over 90 percent silicon: 
Italy. L sus ull s: 185 158 41 
South Africa, 

Republic oft» 
Total 185 158 41 
Grand total 30,838 15,337 4,456 

r Revised. 
1 Less than 14 unit. 
WORLD 


Canada.—A quartzite ore body reported 
to be the largest and purest silica deposit 
in Canada was being developed at Badge- 
ley Island on Georgian Bay in Lake 
Huron. Owner and operator of the prop- 
erty is Indusmin Ltd., of Toronto, a sub- 
sidiary of Falconbridge Nickel Mines, Ltd. 
Mill facilities were under construction at 
Midland, Ontario. Production of 500,000 
tons of processed silica per year is planned. 

India.—Mysore Iron & Steel, Ltd., an- 
nounced it was planning to increase its an- 
nual ferrosilicon output from the Bhadra- 
vati plant from 20,000 to 35,000 metric 
tons per year. Markets for the ferrosilicon 
available for export were expected to be 
the United Kingdom and the Netherlands. 

Japan.—Efforts were advanced to in- 
crease Japanese silicon-processing capacity 


1968 1969 
Short tons Value Short tons Value 
—— (thou- ————— —— —  (thou- 
Gross Silicon sands) Gross Silicon sands) 
weight content weight content 
12,419 2,608 $729 15,844 4,515 $1,074 
854 171 97 5 270 166 
281 130 74 77 39 22 
3 ͤ s maces 31 15 11 
8,459 1,705 884 3,534 1,683 850 
(l) (1) 1 () 
3 wae: seeds. 64 32 8 


3 1,879 1,067 261 
1,849 1,127 550 2,509 1,648 691 
462 277 187 404 248 120 
WEE undi EE 1,925 1,444 269 
Pel. ccu 8 661 529 180 
1,087 794 141 3,471 2,645 458 
7,459. 1,117 " 486. Ge, Gees, "ër 
21 16 FFV 
1,292 1,006 183 1,410 1,095 203 
71,920 71,878 150 2,101 1,599 295 


8,040 5,710 1,850 18,860 10,275 2,422 


178 158 38 20 17 4 

158 135 35 113 97 25 

836 288 78 138 114 29 
24,890 10,612 3,207 33,614 16,944 4,577 
REVIEW 


by adding two new plants. The three lead- 
ing producers were Shin-Etsu Chemical In- 
dustry, Tokyo Shibaura Electric Co., and 
Showa Denko. The new firms will be Nip- 
pon Unicar Co. at Kawasaki and Ichikara 
Toray Silicone Co. 

Luxembourg.—Aciéries Réunies de Bur- 
bach-Eich-Dudelange, Société Anonime 
(ARBED), a Luxembourg-based company, 
and Continental Ore Corp., New York, 
have announced plans to build a ferroalloy 
plant in Dommeldarge, Luxembourg. The 
plant, on the outskirts of the city of Lux- 
embourg, is located within a 60-mile ra- 
dius of one-third of all Europe's steel capac-. 
ity. 

Norway.—A serious drought in Norway 
during 1969 sharply curtailed production 


SILICON . 


of silicon and its alloys. Hydroelectric 
power was rationed for several months, 
and production of silicon ferroalloys was 
reduced as much as 50 percent of normal 
capacity. Total ferroalloy exports from 
Norway in 1969 amounted to 350,000 met- 
ric tons. A/S Hafslund completed con- 
struction of a plant with an annual rated 
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capacity of 35,000 metric tons at its Skje- 
berg works in eastern Norway. Elektrokem- 
ish A/S has added facilities at its Salten 
Verk in northern Norway designed to raise 
the firm's annual capacity to 83.000 metric 
tons. Norway continued to dominate the 
European ferrosilicon market. The United 
Kingdom is its major customer. 
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Silver 


By Charles D. Hoyt? 


The domestic mine output of silver 
surged 28 percent above the 1968 level pri- 
marily because there were no strikes dur- 
ing the year. With the exception of 1966 
when production reached 43.7 million 
ounces, the 1969 output was the highest 
since 1950. Silver prices varied widely, de- 
clining from a peak early in January of 
about $2.00 per ounce to $1.56 late in 
June to early in July, then rising steadily 
again to almost the $2.00 level early in 
November and closing the year at almost 
$1.80. The Treasury Department's mid- 
May lifting of the ban on the melting of 
silver coins and at the same time the re- 
duction of the General Services Adminis- 
tration (GSA) silver sales from 2.0 million 
ounces to 1.5 million ounces per week 


were the most significant events in thc sil- 
ver market for 1969. 

U.S. silver consumption for industrial 
uses declined modestly (2.6 percent) and 
silver coinage use was reduced almost in 
half. Treasury stocks continued their pre- 
cipitous decline, dropping almost 60 
percent. Industrial stocks rose about 
one-fifth and almost reached the 200-mil- 
lion-ounce level compared with somewhat 
over 57 million in 1966. Trading activity 
on the New York Commodity Exchange 
was up 6.6 percent over the previous year. 
The net export pattern in silver sales con- 
tinued in 1969 but exports declined con- 
siderably and imports were down slightly 
from 1968. 


1 Physical scientist, 
Metals. 


Division of Nonferrous 


Table 1.—Salient silver statistics 


United States: 
Mine roduction....... thousand troy ounces... 
Allg. o et ee tr thousands. 
Ore (dry and siliceous) produced: 
Gold ore thousand short tons 
Gold-silver ore do- 
Silver ore do 


Percentage derived from 
Dry and siliceous or es.. 
Base- metal oree ..-------------------- 
Refinery production 1. thousand troy ounces. . 


Exports sr ũ ũ⁊ mꝙũ d do- 
Imports, general 222. do- 
Stocks Dec. 31: 3 
Treasury thousand troy ounces.. 
Industry vp) ee 8 


Consumption: Industry and the arts 
thousand troy ounces. . 


Gn C arecciuecc cocum do 

Pric@ ³ĩðÄ ĩ Z 2 per troy ounce.. 
World: 

Production POSU thousand troy ounces. . 


Consumption:? Industry and the arts 
thousand troy ounces... 
Longe do 


1 From domestic ores. 

? U. S. Bureau of the Mint. 

3 Excludes coinage. 

* Excludes silver i in silver dollars. 

5 Includes silver in COMEX warehouses. 
* Average New York price. 


1965 1966 1967 1968 1969 
39,806 43,669 82,345 32, 729 41,906 
$51,469 $56,464 $50,185 $70,191 $75,040 
8,113 2,580 2,315 2,003 2,002 
205 248 157 199 216 
902 1.069 904 701 755 
35 33 39 89 86 
65 67 61 61 64 
239,000 248,358 30,268 42, 052 62, 676 
39, 665 85,538 70,769 125,761 88,909 
54,709 63,032 55,520 70,709 71,876 
804 594 351 256 104 
8 57,244 83,358 166,356 198,490 
137,000 183,696 171,081 145,298 141,546 
320,321 53,852 48,851 , 833 19,408 
$1.293+ $1.298+ $1.550+ $2.144+ $1. 790 + 
257,415 266,781 258,203 275,075 288,601 
836,600 355,100 348,600 347,800 362, 400 
381,100 130, 700 89, 200 59, 500 24, 800 


7 Free world only. Source: Handy & Harman, 1965; U. S. Bureau of Mines, 1966-69. 


8 Free world only. Source: Handy & Harman. 
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Legislation and Government Programs. 
—In mid-May, following recommendations 
made by the Joint Commission on the 
Coinage, the U.S. Treasury lifted its ban 
on the melting of silver coins and also re- 
vised its weekly silver sales program ad- 
ministered by GSA. Effective May 12, 1969, 
the melting ban was lifted and the GSA 
weekly silver sales volume was reduced 
from 2.0 million ounces to 1.5 million 
ounces as of May 27. The GSA sales were 
opened to all competitive bidders, foreign 
and domestic, and the administrative ban 
on the export of silver coins also ended. 
The actual executive order appeared in 
the Federal Register, volume 34, No. 93, 
May 15, 1969. Concurrently the Joint Com- 
mission on the Coinage also recommended 
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that the Treasury also ask for authority to 
mint a nonsilver dollar and a half dollar. 
Legislation was introduced and eventually 
passed the House but at yearend could not 
get Senate approval because of support for 
minting of 150 million Eisenhower memo- 
rial silver dollars which would consume 
about 47.5 million ounces of silver. 

In 1969 the Office of Minerals Explora- 
tion (OME) of the U.S. Geological Survey 
provided exploration assistance to six 
prospects that potentially might provide 
future silver output. OME negotiated six 
contracts involving silver totaling $423,190 
of which the Government’s share was 49.5 
percent. Three of these prospects were in 
Colorado, two in Nevada, and one in Utah. 


DOMESTIC PRODUCTION 


Mine output of recoverable silver rose 
by more than one-fourth compared with 
1968 because of the absence of strikes in 
the copper industry which had reduced by- 
product silver production drastically in 
both 1967 and 1968. Base metal ores pro- 
vided 64 percent of the total silver output, 
and silver ores provided 35 percent with 
the remainder coming from gold and 
gold-silver production. 


Idaho’s silver output increased almost 
19 percent and amounted to 45 percent of 
U.S. production. Output of silver in Ari- 
zona, Montana, Utah, and Colorado also 
rebounded comparably and the combined 
production of these four States and Idaho 
was 88.4 percent of domestic production. 


The 25 leading silver producers contrib- 
uted 80 percent of the total output. Four 
of the leading producers (Ist, 3d, 7th, and 
9th) were mining silver ores alone and all 
the rest were base metal producers. Eight 
mines produced over 1 million ounces of 
silver each and their combined output 
equaled 55.5 percent of the total domestic 
production. Domestic mine output pro- 
vided almost 30 percent of the silver con- 
sumption by industry and the arts. 

In 1969 the Hecla Mining Co. provided 
almost 16 percent of domestic output and 
increased its silver output to 6.56 million 
ounces compared withh 4.97 million ounces 
for 1968. The average selling price for 
their silver in 1969 was $1.781 per ounce, 
down from $2.121 in 1968. Hecla’s totally 


owned Lucky Friday mine, the Nation’s 
fourth largest silver producer, returned to 
normal operation following an 8-month 
strike that ended in mid-June 1968. Lucky 
Friday, located in Idaho’s Coeur d’Alene 
district, produced nearly 2.94 million 
ounces of silver, more than 19,000 tons of 
lead and lesser amounts of zinc, copper, 
and gold by processing almost 184,000 tons 
of ore averaging 16.35 ounces of silver per 
ton. Manpower shortages at the property 
limited development work, and ore reserves 
at the end of 1969 were down 4.5 percent 
to 598,000 tons. Hecla operates the Park 
City district, Mayflower mine (Nation's 
No. 14 silver producer) under a leasing ar- 
rangement with the New Park Mining Co. 
This operation produced almost 687,000 
ounces of silver from milling almost 
117,500 tons of ore. Ore reserves declined 
17 percent to 257,000 tons. 

Hecla also owns approximately one-third 
of the Nation’s leading silver producer, the 
Sunshine mine which produced a record 
8.33 million ounces in 1969 through min- 
ing and milling 271,600 tons of ore. Ore 
reserves at the Sunshine mine were esti- 
mated at 1.2 million tons at the end of 
1969. At yearend the Sunshine Mining Co. 
announced plans to construct a $2 million 
silver refinery that would be in operation 
late in 1970. 

In addition to the Sunshine mine, Hecla 
also owns part of the Star-Morning Unit 
Area and the Silver Summit mine. These 


SILVER 


two provided an additional 203,600 ounces 
of silver output. Output of silver provided 
almost 51 percent of Hecla's sales income 
in 1969. 

The Galena mine in the Coeur d'Alene 
district, Idaho, is operated by the Ameri- 
can Smelting and Refining Co. 
(ASARCO). Output in 1969 was 3.03 mil- 
lion ounces of silver recovered from mill- 
ing almost 136,000 tons of silver-copper ore 
that averaged 22.3 ounces of silver per ton. 
Reserves of this type ore at yearend were 
more than 2 million tons. In addition the 
mine has substantial lead-silver ores that 
will require separate processing when 
mined and milled in the future.? In 1969 
ASARCO continued extensive development 
work on the Coeur Project, from a new 
shaft west of the Galena mine. At yearend 
80,000 tons of reserves averaging 25 ounces 
of silver per ton and 1 percent copper 
were developed by over 10,000 feet of 
drifting and nearly 17,000 feet of diamond 
drilling.3 Another major Coeur d'Alene sil- 
ver prospect known as the Caladay Project 
was initiated in 1968 by three mining com- 
panies: Callahan Mining Co., ASARCO, 
and Day Mines Inc. Callahan Mining Co. 
is the operator of this $8.5 million explo- 
ration project which will not be completed 
until late in 1974. In 1969 surface facilities 
were completed and a tunnel was driven 
to a point from which a 4,500 foot explo- 
ration shaft will be sunk. 


Early in 1969 the Bureau of Mines pub- 
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lished a comprehensive resource evaluation 
of the production potentia] of domestic sil- 
ver mining districts, both active and 
inactive.* The purpose of this study was to 
determine the potential silver resources 
that could be made available at higher 
price levels. Using 1964 economic condi- 
tions and assuming silver prices ranging 
up to $3.00 per ounce, the study concluded 
that the United States has an estimated 4.9 
bilion ounces of unmined silver. About 
1.35 billion ounces are in currently operat- 
ing mines and 3.58 billion ounces in de- 
posits requiring higher silver prices to be 
economically mined. Eighty-five percent of 
the Nation's silver resources are found in 
the States of Nevada, Idaho, Montana, 
Utah, and California. 

The original manuscript presenting this 
evaluation contained 350 pages. The Infor- 
mation Circular 8427 is an abbreviated 
and condensed version of the original, 
which presents primarily the conclusions. 
The remainder of the report is available 
as an open-file report in the offices of the 
Bureau of Mines in Washington, D.C., 
Spokane, Wash., and Denver, Colo.5 

Smelter and refiner reports show that 
62.5 million ounces of silver were gener- 
ated from old scrap and nearly 32 million 
ounces from new scrap. These were com- 
bined with output from foreign and do- 
mestic concentrates and ores for a total 
production of more than 199 million ounces 
in 1969. 


CONSUMPTION AND USES 


Consumption data, as measured by sales 
to the consuming industries, compiled by 
the Bureau of Mines, show a 12-percent 
decline compared with 1968. There were 
major reductions in sterling and electro- 
plated ware, jewelry, dental and battery 
usage. Photographic consumption was es- 
sentially unchanged. Significant increases 
were registered by contact and conductor 
uses, catalytic use, and lesser increase in 
brazing alloys and solders. Excluding coin- 
age from the totals, four industries con- 
sume 80 percent of the total silver use. 
They are photography (292 percent); 
electrical contacts and conductors (24.4 
percent) ; sterling ware (14.3 percent) ; and 
brazing alloys and solders (11.7 percent). 


Silver used in domestic coinage contin- 


ued its steady decline from the 1965 peak 
when more than 320 million ounces was 
used. Silver coinage in 1969 dropped to 
19.4 million ounces, 17.4 million ounces 
below the 1968 consumption. 

Engelhard Minerals & Chemical Corp. 
reported development of a new superior, 
mirror bright silver electroplating process 
which uses a potassium-antimony-glycerol 
complex as the primary brightener.6 The 
new brightener uses much less antimony 

? Day Mines, Inc. Annual Report. 1969, pp 4—5. 

3 Work cited in footnote 2. 

4 Banister, D'Arcy, and Richard W. Knostman. 
Silver in the United States. BuMines Inf. Circ. 
8427, 1969, 34 pp. 

5 Bureau of Mines Staff. Silver in the United 
States. BuMines Open-File Rept., 1970, 300 pp. 

6 Greenspan, L. Bright Silver Plating. Engel- 


hard Minerals & Chemical Corp. Tech. Bull, v. 
10, No. 7, March 1970, pp. 138-140. 
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than previous processes and also has high 
ductility and much greater hardness than 


other techniques. Because the new bright- . 


ener has a combination of superior charac- 
teristics, it is reportedly being used exten- 
sively in the electrical, electronics, and 
decorative fields. 

GSA contracted the Charles River Associ- 
ates to conduct an economic assessment of 
the silver industry. This lengthy study,’ 
completed in 1969, observes that "it is haz- 
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ardous to predict the course of price dur- 
ing the next few years” but nevertheless 
offers the opinion from its analysis that “it 
appears the present price (mid-1969) is 
high in relation to what might be profit- 
able for long-term speculation.” 


7 Charles River Associates. Economic Analysis of 
the Silver Industry. September 1969, 472 pp.; 
U.S. Department of Commerce, Clearinghouse for 
irr, Scientific and Technical Information, PB 
191 š 


STOCKS 


The Treasury bullion stock outflow in 
1969 totaled 112.2 million ounces most of 
which (91.6 million ounces) was sold 
through GSA auction. Nearly all of the 
balance (19.4 million ounces) was con- 
sumed in U.S. coinage use for 50-cent 
pieces. 

Total yearend stocks were estimated at 
268.6 million* ounces which consisted of 


70.2 million ounces of Treasury bullion 
and the remainder primarily in the form 
of unmelted coins. Total stocks also in- 
cluded the Commodity Exchange 
(COMEX) stocks of 112.9 million ounces 
which was up 23.7 million ounces over 
1968 stocks. Stocks of silver held by refi- 
ners, fabricators, and dealers increased al- 
most 11 percent to 85.7 million ounces. 


PRICES 


Silver prices in New York in 1969 as 
quoted daily by Handy & Harman in cents 
per ounce varied widely, declining from a 
high in mid-January of 202.50 cents to a 
low on June 27, of 154.00 cents, which was 
the lowest silver price since July of 1967. 
The second half of the year showed a 
fairly steady rise to a second peak of 
nearly 200.00 cents early in November and 
then a decline with yearend prices closing 
at slightly more than 180.00 cents. The 
mid-May lifting of the melting and export 
ban plus the reduction of GSA auction 
sales from 2.0 million ounces to 1.5 million 
ounces were dominant factors in the mar- 
ket situation. The average price on the 
New York market for 1969 was 179.067 
cents per ounce. 

Sales of Treasury silver through GSA 
continued all through 1969. Total sales of 
coin silver 897-900 fine were 89.3 million 


FOREIGN 


Silver exports were down 29 percent to 
88.9 million ounces compared with 1968 
exports. Exports went primarily to the 
United Kingdom (41 percent) ; Canada (20 
percent); Switzerland (14 percent); and 
Belgium-Luxembourg (11 percent) . 

Silver imports increased slightly in 1969 
compared with 71.9 million ounces in 1968. 


ounces at prices, ranging from $1.525 in 
July to $1.999 per ounce in January. The 
trading volume on the New York Com- 
modity Exchange (COMEX) increased to 
6.6 billion ounces, up from 49 billion 
ounces in 1968. COMEX prices for 1969 
reached a high on January 10 of 233.20 
cents per ounce and a low on June 27 of 
151.00 cents. 

In the London market, prices for spot 
delivery of silver converted to U.S. funds 
ranged from a low of 155.90 cents per 
ounce in June to a high of 203.80 cents 
per ounce in January. 

In November 1969 the Chicago Board of 
Trade started a new market for future sil- 
ver trading in lots of 5,000 ounces of sil- 
ver. Reported silver stocks at yearend were 
290,000 ounces and trading for the year to- 
taled 231.8 million ounces. 


TRADE 


The main sources of imports were Canada 
(66.1 percent) and Peru (15.8 percent) 
with 22 other countries providing the re- 
maining 18.1 percent. 

Net exports were 17.0 million ounces in 


1969 compared with 55.0 million ounces 
for 1968. 


SILVER 


WORLD 


World output of silver increased more 
than 10 million ounces to an alltime high 
of more than 285 million ounces. The 
major increase in the world was the U.S. 
gain of 9.2 million ounces. Production in- 
creases were also reported in Australia, 
Mexico, the U.S.S.R., and Bolivia which 
more than compensated for declines in 
output from Canada and Peru. Western 
Hemisphere output of silver provided 
slightly more than 61 percent of total 
world output. 

World silver consumption for the arts 
and industry was up 15.1 million ounces 
compared with 1968 consumption to 362.4 
million ounces, But coinage requirements 
for the world declined from 59.5 million 
ounces in 1968 to 24.3 million ounces. 
Total free-world silver consumption ex- 
ceeded production by 101.4 million ounces. 
This production-consumption gap contin- 
ued to be met mainly by sales of U.S. 
Treasury silver distributed through GSA 
weekly auctions which are scheduled to 
end on November 10, 1970. At the end of 
1969, there were about 63.8 million ounces 
available for sale by GSA in 1970. It was 
estimated by Handy & Harman that silver 
stocks in the hands of investors and specu- 
lators amounted to about 400 million 
ounces.8 Estimates were also made that 
from 20 million to 30 million ounces of 
silver were smuggled from India and en- 
tered into world markets. 

Australia—Silver production increased 
almost 16 percent over that of 1968 to 
24.7 million ounces, which is an alltime 
high. The leading Australian silver produ- 
cer is Mount Isa Mines Ltd. which had a 
1969 output of almost 10.1 million ounces, 
an increase of 38.3 percent over the 1968 
output. Nearly 5 million tons of ore were 
milled to achieve this output. Over 1.9 
million tons of silver-lead-zinc ores and 3.0 
million tons of copper ores were treated to 
recover the silver. Mount Isa is also a 
major lead-zinc-copper producer. Ore re- 
serves were also significantly increased and 
as of June 30, 1969, there were 45 million 
tons of primary silver-lead-zinc ores averag- 
ing 5.2 ounces of silver per ton and 75 
million tons of primary 3 percent copper 
ore. Tons of ore treated per day by this 
major producer increased from over 10,000 
tons to almost 13,800. 


Canada.—Silver output of Canadian 
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mines declined from an alltime high of 
45.4 million ounces in 1968 to 41.9 million 
ounces in 1969. Canada dropped behind 
Mexico to return to the number two world 
producer position with an output only 
23,000 ounces in excess of U.S. production. 
Ore mined in base metal mines provided 
about 90 percent of Canadian silver output 
with silver-cobalt ores the source of nearly 
all the remainder. 

The leading silver producer in Canada 
and probably in the world is the Kidd 
Creek mine and concentrator of Ecstall 
Mining Ltd., near Timmins, Ontario, 
which produced about 31 percent of Cana- 
da’s total output. This operation, totally 
owned by Texas Gulf Sulfur Co., had an 
output of 13.1 million ounces of silver 
from mining and was processing more than 
3.6 million tons of ore. This was down 
slightly from a 13.4 million-ounce output 
in 1968. The present mine is an open pit 
operation but development will be under- 
way in 1970 for underground mining. A 
$50 million zinc plant is under construc- 
tion and is scheduled for completion in 
1972.9 

Ontario was by far the leading province 
in silver output having provided over half 
of Canada's 1969 output. British Columbia, 
New Brunswick, and Quebec were respon- 
sible for an additional one-third of the 
total output. 

The second largest silver producer in 
Canada was the Cominco, Ltd. Sullivan 
mine at Kimberley, British Columbia, 
which recovered 3.0 million ounces of sil- 
ver from more than 2 million tons of ore. 
Total silver output from the Cominco re- 
finery in 1969 was 5.7 million ounces.19 

There was no silver consumption by the 
Royal Canadian Mint in 1969 since nickel 
coins have been used since August 1968. 
Estimates of silver consumption by indus- 
try for 1969 were 5.4 million ounces. 

Another silver mine which had earlier 
(1953-67) been the largest silver mine in 
Canada is the lead-silver- zinc  calumet 
mine of United Keno Hill Mines Ltd. 


s Handy & Harman. The Silver Market in 1969. 
54th Annual Review. P. 3. 

9 Eun Gulf Sulphur Co. Annual Report. 1969, 
P George, J. G. Silver. Canadian Minerals Year- 
book 1969. Mineral Resouces Branch. Department 
of Energy, Mines and Resources (Ottawa), Pre- 
print p. 9 
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which produced 2.4 million ounces of sil- 
ver in 1969, up from 1.98 million the pre- 
vious year. The United Keno minme is lo- 
cated near Elsa in the Yukon Territory.11 


Japan.—Mine output of silver increased 
slightly in 1969 to 10.8 million ounces. 
This compared with 1969 industrial use of 
silver of 39.7 million ounces. No silver is 
used in coinage although about 700,000 
ounces were used in manufacturing com- 
memorative medallions for the 1970 World 
Exposition. 

Mexico.—Silver output increased almost 
2.9 million ounces to 42.9 million ounces 
which placed Mexico back in the lead as 
the world's largest silver producer. In- 
dustrial consumption in Mexico was 4.3 
million ounces and no silver was used in 
coinage during 1969. The largest silver 
producer in Mexico is Asarco Mexicana, 
S.A., which treated 2.2 million tons of sil- 
ver-bearing ores to recover 20.0 million 
ounces of silver. 


Peru. —Silver output in Peru declined 6 
percent to 34.2 million ounces. It ranked 
fifth in world output due to the U.S. re- 
suming normal output in 1969. Silver pro- 
duction comes primarily as a coproduct or 
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byproduct of base metal production. The 
largest silver producer and refining com- 
pany in Peru is the Cerro Corporations 
group of mines, Its totally owned subsidi- 
ary, the Cerro de Pasco Corporation, oper- 
ates six metal mines which produced over 
one-quarter of Peru's total silver output. 
The total silver production refined in 1969 
by Cerro's Peruvian operations was 18.5 
million ounces which was more than 53 
percent of the total silver output. Due to 
several strikes the silver output was down 
from 20.4 million ounces in 1968.12 

United Kingdom.—It was estimated that 
the United Kingdom's industrial consump- 
tion of silver was 25 million ounces in 
1969, up 2 million over that of 1968. Im- 
ports of silver bullion in 1969 were 123.9 
million ounces and exports of bullion were 
26.7 million ounces. The Bank of England 
recovered 1.3 million ounces of silver from 
old British coins and sold 1.15 million 
ounces in the London bullion market. Esti- 
mates for other Western European coun- 
tries which consumed large amounts of sil- 
ver in 1969 were West German, 46.6 
milion ounces; France, 17.4 million 
ounces; Italy, 26 million ounces.13 


TECHNOLOGY 


In 1969 the Bureau of Mines continued 
a program of collection of case-history data 
on rock burst occurrences which are pecul- 
iar to the silver mines of the Idaho Coeur 
d'Alene districts. On-site examinations were 
made and seismic records were analyzed 
and correlated with U.S. Coast and Geo- 
detic records. Descriptive reports on bursts 
are prepared and recommendations for 
their control are suggested. A paper by 
Galen G Waddell on the “progress on 
Techniques of Investigating and Control- 
ling Rock Bursts," outlined a research ap- 
proach concerning rock bursts and was 
presented in February 1970 to the 1970 
Denver, Colo, annual meeting of the 
American Institute of Mining, Metallurgi- 
cal and Petroleum Engineers. 

Research continued in 1969 on further 
development and modest marketing efforts 
for several silverless processes for photo- 
graphic uses. Despite occasional optimistic 
claims it is felt that such processes will 
have little impact on substantially reduc- 
ing silver uses in photography in the near 
future. 


Late in 1969 the Eastman Kodak Com- 
pany issued several publications on the re- 
covery of silver from photographic 
materials.14 It was estimated that in 1970 
from 80 to 90 million ounces of silver will 
be contained in photographic products, 
worldwide. The major source of silver re- 
covery from photographic materials is from 
exhausted processing solutions. In many 
black and white film processes, 60 to 80 
percent of the original silver in the emul- 
sion goes into solution in the fixing bath. 
In color processing nearly all the silver is 
removed by the fixing bath. 

There are three principal methods of re- 
covery of silver from solutions: Metallic re- 
placement, electrolytic plating and chemi- 
cal precipitation. 

3 United Keno Hill Mines Ltd. Annual Report. 
1969, pp. 3, 9. 

12 Cerro Corp. Annual Report. 1969, p. 4. 

13 Handy & TUR The Silver Market in 1969. 
54th Annual Review. p. 15. 

14 Eastman Kodak Company: 
From Photographic Materials. J-10, December 
1969, 42 pp. Eastman Kodak Company, Profes- 
sional, Commercial, & Industrial Markets Division. 


Recovery of Silver From Discarded Photographic 
Films. J—32, December 1969, p. 9. 


Recovering Silver 
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It is also possible to recover the 
remaining 20 to 30 percent of the silver 
that remains on the black and white pho- 
tographic films. The most common recov- 
ery technique is burning. Another tech- 
nique is to remove the silver by wet 
chemical treatment. 

Silver reclamation from waste materials 
at Eastman Kodak Company's plants in 
Rochester, N.Y., amounts to more than $3 
million annually.15 A Bureau of Mines 
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publication 16 describes in detail a metallic 
displacement process using steel wool or 
steel window screen and a smelting process 
to recover pure silver from sludges con- 
taining 27 to 80 percent silver. 


15 Secondary Raw Materials. V. 7, No. 8, August 
1969, pp. 29-30. 

1$ Dannenberg, R. O., and G. M. Potter. Silver 
Recovery From Waste Photographic Solutions by 
Metallic Displacement. BuMines Rept. of Inv. 
7117, 1968, 22 pp. 


Table 2.—Mine production of recoverable 
silver in the United States, by months 


(Thousand troy ounces) 


Month 


August.. 
September 
Octoberrrõr‚r 


1968 1969 
pie 1,564 3,288 
iacuit 1,523 3,019 
— st 1,482 3,226 
rr 2,460 3,375 
e 3,130 3,386 
tee 3,126 3,444 
Lol 3,133 3,421 
—— 3,299 3, 655 
See 3,059 3,591 
— pass 3,347 3,811 
— 3,399 3,832 
—— 3,257 3,914 
meme 32,729 41,906 


1 Data may not add to totals shown because of in- 


dependent rounding. 
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Table 4.—Production of silver in the United States, by States, type of mine, and by 
class of ore, old tailings, etc., yielding silver, in terms of recoverable metal, 1969 


Lode 
Placer Gold ore Gold-silver ore Silver ore 
State Troy 
ounces Troy Troy Troy 
of silver Short tons ounces Short tons ounces Short tons ounces 
of silver of silver of silver 
Alaska 1, 726 (1) / ee | ese eee... ĩ˙»» 
Arizona. 312 25 63, 565 4, 245 104, 272 83,110 
California 836 8,507 2,333 (2) ) 165 679 
Colorado 130 100 129 515 693 69, 887 954, 195 
r ——— (3) (2) 3 58 3 572 581,828 13, 164, 043 
KE ee, ]ĩè 0K ̃ ꝗ⁵«I ————!.!. 8 
J%/%%%%%%%%%˙§ĩ5ö%! ³ j Ü]Üii, rca Mc. quada dure Ml y . ee 
Montana... ..---.--- (š) (š) 37,086 2163, 465 87,121 441,155 
Nevada 1,489 CJJSSGGG Sees 9,012 52,947 
New Mexico 1,287 26,322 52 796 
New 20 BM eMart men: CL qao D f NUR 
Oregon (3) (3) 3 854 34,161 12 588 
South "Dakota CC 1,934,622 194.114 ere, Miwa: 85 883 
won j dd A DUNSA 
dGGꝙꝙP Ee 142,738 10,355 2,842 78,062 
Other States “ 62,237 20 / Ze SSS 171 126 
Total 2,192 2,002,267 847,106 216,109 209,813 764,892 14,771,084 
Percent of 
total silver (D^ eee ste e (D- ¿>Z 85 
Lode—Continued 
Copper ore Lead ore Zinc ore 
Short tons Troy ounces Short tons Troy ounces Short tons Troy ounces 
of silver silver silver 
A/ ³⁰· 6 . REDE exputawaae 50 2999 . usu 
Arizona 117,744, 767 5, 899, 843 571 D224 nubem ma: edad ua us 
California (2) (2) 8,349 e get 
hh S.S. ⁰ aa 990 4,767 277,850 186,890 
7880 E 834 246,472 3, 586, 803 
Michigan 8,199,659 , e du RS dudit. uml ae a 
l ͥͥͥͥ»‚³³ ⁰˙¹w‚‚ ë K 7,114,969 1,442,090 //ᷓoͥ !! 8 
Montana 16,016,931 2,555,970 2,691 22, 808 ($) (6) . 
Nevada 714, 358, 425 7 710,398 4,709 / AAA ls 
New Mexico ` 12,492,998 994.204. ee Wneuneeeubs 221,568 32,225 
did J) 2 cembouuedetasc ;. æ m 7ĩð i ̃ é - !!... ð ͤ y y rU EE 
South F§öÜ1öP ñ⁵ ↄß mn; d . è eat `S sees e 
/%%%%ê%³Üʃ ⁵;i «˙id ⁵ / ñ᷑ꝝ V.. d d y k ß EE te T 
h eco Lu Su 38, 650, 845 3,009, 099 2,116 13,124 
Other States 4. „392 1J/%ö»ͤ 444, 991 54, 260 
Total 207, 607, 199 13, 588,363 8,035,917 5, 155, 789 943, 908 273,381 
Percent of 
total silver 822 Za 12: usas uim 1 
Lode—Continued 
Copper-lead, lead-zinc Refinery 
copper-zinc, and Old tailings, etc. Total 
copper-lead-zinc ores Troy 
— "S  - qunces 
Troy Troy Troy of silver 
Short tons ounces Short tons ounces Short tons ounces | 
of silver of silver of silver 
ST EE 50 2,080 1,600 
Arizona 106, 788 40, 134 91,692 8 108,441 118,111,962 6,141,022 6, 250, 000 
California 2 103,674 2405, 599 605 248,974 111, 300 491,927 50,000 
Colorado 741,484 1, 450, 069 10 1, 690 1,090,329 2,598,563 2,350, 000 
Idaho 7 16. 290 1,921,998 5306,422 5255,452 1,801,247 18,929,697 18,250,000 
M y y 8,199,659 1, 009, 022 „000 
Alert ee ⁵ ² fdr LO Ii Menin aee. 7,774, 969 1,442,090 793, 000 
Montana 612,446 6 147, 485 55,111 98,436 16,181,386 3,429,314 3, 000, 000 
Nevada (7 (7) 18,399 18,984 14,892,034 884,155 6, 
New Mexico 54,683 81,924 7 120 12,770,659 466,591 455,600 
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Table 4.—Production of silver in the United States, by States, type of mine, and by 
class of ore, old tailings, etc., yielding silver, in terms of recoverable metal, 


1969—Continued 
Lode—Continued 
Copper-lead, lead-zinc Refinery 
copper-zinc, and Old tailings, etc. Total 
copper-lead-zinc ores Troy 
State —— —ñ—ʒ—— —————— — D- — — ) ounces 
Troy Troy Troy of silver 
Short tons ounces Short tons ounces Short tons ounces 
of silver of silver of silver 
New Vork 572,013 S1700 .Lasuccams. des: 572,013 31,755 31,500 
Orton occuro. Z A reine, 866 4,749 3,700 
Sr yy y 1,934,657 124,497 124,600 
Tennessee 1, 574, 140 T8 DIA ooo sum e. 8 1,574,140 78,614 79, 070 
Utal:i.- coss 567,519 2,752,275 56,606 95,646 39,422,170 5,958,567 5,800,000 
Other States __ _ _ 215,703 16,991 83 11 9,051 866,527 819,718 12 255,430 
Total... 4,664,735 6,926,839 528,947 631,744 224,753,968 41,906,311 39,674,500 
Percent of i 
total silver Tt. dees: M ap oes eee: 100 — 


1 Less than 1⁄ unit. 

2 Gold-silver, copper, lead-zinc ores combined to avoid disclosing individual company confidential data. 
3 Gold and gold-silver ores combined to avoid disclosing individual company confidential data. 

1 Includes Maine, Oklahoma, Pennsylvania, Washington, and Wyoming. 

5 Zinc ore and old tailings, etc., combined to avoid disclosing individual company confidential data. 
6 Zinc and lead-zinc ores combined to avoid disclosing individual company confidential data. 

7 Copper and lead-zinc ores combined to avoid disclosing individual company confidential data. 

s Includes byproduct silver recovered from uranium ore. 

? Includes byproduct silver recovered from tungsten ore. 

19 Includes byproduct silver recovered from fluorspar ore. 

11 Includes byproduct silver recovered from magnetite-pyrite ore. 

1? Includes Kentucky, Texas, Virginia, Washington, and Wisconsin. 


Table 5.—Mine production of recoverable silver in the United States, by States 


(Troy ounces) 


State 1965 1966 1967 1968 1969 
Alaska. eege 7,673 7,193 5,787 3,900 2,030 
. ³·˙¹ A ée 6,095,285 6,338,696 4,588,081 4,958,162 6,141,022 
Galifernns ewe 196, 787 189,989 144,515 597,961 491,927 
COlOFBdO: c nr u ee 88 2,051,105 2,085,534 1,817,699 1,646,283 2,598,563 
( ⁰˙ꝛà ces doce e mE 18,456,809 19,776,785 17,033,330 15,958,715 18,929,697 
Feil iuc REEL m ne 1,931 1,086 DON. ue coc icu. 88 
E EEN 1371,745 1 319,718 
Michigae n 457,851 483 , 000 301,992 472,813 1,009,022 
EE EEN 299, 52222: 226,168 340,856 1,442,090 
Mon táha- occ ñ «˙ðöXUvUi ccu RER 5,207,031 5,319,785 2,066,464 2,182,571 3,429,314 
N ae ee ee eee em ee 507,113 867,567 565,755 645,192 884,155 
New Mexico__.- 287,472 242, 620 157, 495 224, 866 465, 591 
New York ²˙ði DA u Z 11.441 21, 590 31,103 27,615 81,755 
Oklahoma. aK. 2358, 477 2368, 788 ? 279,898 (1) (1) 
Oregon s clo ecu AM 8,801 343 31 335 4,749 
Pennsylvania (2) (2) (2) (1) (1) 
South Dakota. 128,971 109,885 121,258 137,668 124, 497 
Tennesse 94,142 100,716 130,078 89,525 78,614 
tallo o aane aue e Lr Le E 5,635,570 7,755,411 4,874,640 5,120,772 5,953,567 
Washington- ------------------------ (2) (2) (2) 
Wyoming__.._.. gn cen secs ))) TTA (1) 
d Vd BEER 39,806,033 43,668,988 32,344,862 32,728,979 41,906,311 


1 Production of Maine, Oklahoma, Pennsylvania, Washington, and Wyominzg (1969) combined to avoid 
disclosing individual company confidential data. 

2 Production of Oklahoma, Pennsylvania, and Washington combined to avoid disclosing individual com- 
pany confidential data. 
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Table 6.—Silver produced in the United States from ore, old tailings, etc., in 1969 
by States and methods of recovery, in terms of recoverable metal 


Total Ore and old tailings to mills 
ore, did Crude ore, old 
tailings Recoverable Concentrates smelted tailings, etc., 
etc., Thou- in bullion and recoverable metal to smelters ! 
State treated!2 sand 
(thou- short Amalga- Cyani- Concen- Thou- 
sand tons!? mation dation trates Troy sand Troy 
short (troy (troy (short ounces short ounces 
tons) ounces) ounces) tons) tons 
Alaska JJͤ 1 6 2. AAA 222 
Arizona 118,492 117,907 5, 503 3,062, 631 5,794, 250 585 841,269 
California 11 107 AIS: 2 12,198 449,779 4 41,394 
Colorado 1. 090 1.087 1;:31T. 2.2 156,777 2,567,910 3 29,206 
Idaho.......... 1,801 1,748 S 196,208 18, 822, 856 54 106, 825 
Michigan 8, 200 8: 200° A lier 249,108 1,009,022 ....... ......-.-- 
Missouri....... 7,874 GOIA EEN 610,094 Ii hh 
Montana 16,131 16,032 38 ....... 393,882 2,695,838 99 733,473 
Nevada 15, 864 15, 778 191 1, 500 372, 443 780, 839 87 101, 625 
New Mexico 12, 835 12,769 Lachen LG: 484,867 437,878 66 27,713 
New York...... 741 741 2222222 —8 113,387 61755. Eege u 
Oregon 1 14... 4 3,247 (3) 1,488 
South Dakota 1,935 1,985 81,805 42,309 .........- ........--.- (3) 383 
Tennessee 5, 863 e secus 309,678 „ ˙ 8 
I 39.422. 9 21111 “ 1,023,839 5, 600, 648 212 292,919 
Other States. . 2,16 SOT. Iclonac toss. 39,641 318,872 (3) 846 
Total (. . 282,527 231,420 83,775 49,312 7,124,808 40,033,891 1,110 1,677,141 


1 Includes some nonsilver-bearing ore not separable. 
n 2 C ee tonnage of magnetite-pyrite, tungsten, and uranium ores from which silver was recovered as a 
yproduet. 
š Less than 1⁄4 unit. 
4 Data may not add to total shown because of independent rounding. 


Table 7.—Silver produced at amalgamation and cyanidation mills in the United States 
and percentage of silver recoverable from all sources 


Bullion and precipitates 


recoverable Silver recoverable from all sources 


(troy ounces) (percent) 
Year 

Amalga- Cyani- Amalga- Cyani- 

mation dation mation dation Smelting ! Placers 
196 a 167,331 48,632 0.42 0.12 99.44 0.02 
96% ͥ o: . .. . ..-.- 80, 033 41,098 .18 . 09 99.71 . 02 
LTE 84,290 47.054 .26 .15 99.57 . 02 
«Ü; ocu sse Z 92,021 58 , 666 .28 .16 99.55 .01 
1969 86 83, 775 49,312 20 11 99. 68 01 


1 Crude ores and concentrates. 


` Table 8.—Silver produced at refineries 
in the United States, by source 


(Thousand troy ounces) 


1968 1969 

From concentrates and ores: 
ome stic 42,052 62, 676 
Foreign 81,222 42, 016 
Total. os a2 incense ett. 73,274 104,692 
From old scrap ........... 57,466 62,499 
From new scrap............-... 34,602 31,972 
Total production 165,342 199,163 
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Table 9.—U.S. consumption of silver, by end use 


(Thousand troy ounces) 


1968 1969 
Electroplated ware ee eee 15,279 12,706 
Sterling EE 28,349 20,291 
h abe we Cue Eeer 4,538 8,011 
Photographic ergatteren 41,607 41,380 
Dental and medical suppliesssssssssss j 1,591 
DU dE 1,744 1,510 
Brazing alloys and solder“? sss? dh t Lll LLL eee eee ee 15,124 16,549 
Electrical and electronic products: 
Batteries o dee 5,764 8,799 
Contacts and conductors. |... 222 cc cll LLL LLL LL LL LLL LLL LLL lll cell l.-- 25,805 34, 555 
f ͥ nl Bh dd „310 4,081 
Börs een ] ³Ü¹Ü¾Üi⁴vͤ⁴¹⁴⁶³ſblĩIlVIlllw...... ³ o d St 2 ewes 451 481 
Miscellaneous). os Soe hd ⅛ m A emu D 2 1,228 1,592 
Total net industrial consumption... ...........-.... l.l LLL ee 145,293 141,546 
ComnaPe. o ᷣ se ee es d 8 36, 833 19,408 
Total rh! ² omg. EE 182,126 160, 954 
1 Includes silver-bearing copper, silver-bearing lead anodes, ceramic paints, etc. 
Table 10.—Value of silver exported from 
and imported into the United States 
(Thousand dollars) 
Year Exports Imports 
1967. ͥ Am $95,960 377,087 
1968. 2 EECH 247,100 187,800 
1909... ( ³ĩð A 156,720 119, 362 
Table 11.— U.S. exports of silver in 1969, by countries 1 
(Thousand troy ounces and thousand dollars) 
Ore, concentrates, and 
waste and sweepings Refined bullion 
Country — n N —>;>ə- 
Quantity Value Quantity Value 
Ei ͥ ³·—＋ũiD Lo ed 5 $11 
Belgium- Luxembourg 9, 056 316, 530 597 954 
PV ³¹ AAA 8 16 32 148 295 
Canadaga u, ùÄÜ³¹·iWàAAͥ ͥͥͥ ²»odv. K 8 16, 380 21,025 1,510 2,623 
COlOM EEN 60 
IJ ũ P eee, yd ioca 323 598 
e e e , . eieiei, 1,888 3,298 
Germany, We 202 416 667 1,180 
ENEE 28 4 430 775 
16%//////õô%ö%⁵o r.. E 88 257 434 3,030 5, 590 
Merto- AAA ⁵ĩͤ us s 1 22 b 
; õõĩ?ĩ«¾ . ete, ð ᷣ ß tee 4, 600 7,830 
NOPWHY...-- Ae 288 DON. causen Uem 
PRU. ez. ͥ Ku d A ENEE 215 890 
EINEN EE esc ` detzESS- Lët 2 4 
TEE 228 4439- — ceu. eexmeut 
Swedi :...... 249 5570 e. . 1M 
Switzerland____________.__._._..__-_.-_-_-__- 2.262 3,983 10,086 17,428 
United Kingdom 1,985 3,304 34,375 62,264 
e TEE aLaaa ͤ 2 
Nugesss ³ ò UU Rewdewl. usb 44 89 
NC EE 80,952 53,334 57,957 103,386 


1 Does not include 95,651 troy ounces worth $185,400 of reexports to Switzerland. 
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Table 12.—U.S. imports of silver in 1969, by countries 
(Thousand troy ounces and thousand dollars) 
Ore, base bullion, Refined bullion 
and sweepings 
Country 
Quantity Value Quantity Value 

pi lli e eege 169 $145. «teeta. ——— Me:seem 
Ke EENEG 1,790 %% .J— cul. le 
Belgium-Luxembourg- ------------------------ -2-22-22 ------- 536 $1,029 
[^p WIE wm EE 515 8 uL sz 
e p EE 13, 7383 21,671 33,757 60, 856 
l;; ada ĩ K u m dud 1. 285 I/ ime 
r ³ðW a %% K 
Denmark... ...... en c ³˙ . e dcn 217 387 
U ↄ˙“ ᷣͤ vv d usu as 23 Io. cule. heme 
ES,, oddewewe goede 12 21 
Germany, West. e 1 8 (1) 1 
Guatemala 2 P/ ë ucun 
ndnd; e ao RECEN 8 8,560 4,286 77 185 
C7ôͤÜ51ü . x ⁊ĩ . es 912 1,471 2,658 4,572 

Nicaragua... c cep EE 148 242 
le dd ZZ a 2 2 2 / ë cess 
panimi- J T 4 18 
ee 9,172 13,713 2,180 8,988 
Phil DIN@8 EE 80 470 28 58 
South Africa, Republic of --------------- 567 809: Lasini SSS 
ooo ð˙;ͥ˙¹un ups y 88 6 17 (ö(ü ee 
United Kingdom............................. (1) (1) 78 176 
Venezuela... eee 8 JJC (ü ë Asenois 
Yugoslavia. ll succ K ͤ ĩ 5.kẽ 46 I ᷣͤ esaea 
Ne CH HEEN 82,332 48,115 39, 544 71,247 


1 Less than Le unit. 
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Table 13.—World production of silver, by countries 1 


(Thousand troy ounces) 


Country ? 1967 1968 1969 p 
North and Centra! America: 
ere sso ͥ uA equ eU Ra S cU LE E Us r 37,206 45,389 41,929 
IIIIlll.l.l.ũ ³ ſſ 8 34 1 
Ah ³oW. èðè / ͥ d 4,009 4,397 3,905 
EE At c cuacc «³Vꝗꝗꝑ a EE r 38,273 40,031 42, 904 
ee, e ß SE DM E SUE 372 416 247 
Hie ðOA t a 32,119 32, 729 41,906 
South America: 
AT entha ENERO T on Ce y ee ss r2,575 2,422 e 2,820 
! «˙²¹ ⁵ ¾ A A 0m. ð : ca oes 4,515 5,180 6,013 
! aro te ⁰mꝛↄ mk Lt r 479 464 357 
aleet 3,156 3,739 3,133 
ee ⁵ aZ ee eta ERE LL E 0 100 
EcuadOR EE 80 136 2 
P ep 4 cn e ee ML DE EE r 32,107 36,362 94,147 
Europe 
iI y iu ³·wyſſ ³ ³ AA a 126 161 129 
e AidſAſõſſſſſſſſſ d EE a we eee r 1,100 1,100 1,100 
e . v . a G S 623 677 625 
France (mine output h)hʒhui 2-22 ee eee 2,163 2,041 e 2,000 
ermany 
KEE a eR COE ys 4,800 4,800 4,800 
A EE 2,042 1,769 e 2,000 
EE o Luo ]ꝛ˙¹i mmm ³§·o¹öw-w-. d ⁰⁰ u 8 232 261 258 
Ireland (mine output 7 ee ee eee 2,067 1,913 e 1,866 
Ttaluo u oz d . . 1,382 1,156 1,832 
P u clade ee u s cde ³ð2L S 8 160 160 165 
Portugal (mine urp üb) daa Sce BEN 357 327 339 
Rüumahld9..sll- d d cuc ð y Tama ui LL E ML E 800 800 800 
J ³ WX "Crece a E EE 2,218 1,736 e 1,700 
Sweden (mine r c es eS e 3,455 3,524 3,683 
CJ HR 35,000 35,000 37,000 
Yugoslavia PES sas E EI ĩ.²j c ⁵ ⁵ UL DM E a mus Sus D a 3,075 2,577 3,456 
Africa: 
hr EE 100 100 100 
Congo (K'inabBasa) EE 1,840 2,139 e 1,896 
SUR un LU e eee rdc M „ k y ß ee 
e . ß e EAAS 3 3 2 
TROT OCC oh a A o-Dmo H.,. m;. mh; y 773 920 861 
South Africa, Republie c...... 3, 064 3,337 3, 335 
South-West Africa, Territory of 1,450 1,350 1,273 
RR dee oem cec ie Ld 2 Ot 2 2 2 
ME nice borea Z D ð Ee cA are 45 e 46 e 47 
%%% ] Sua Led to a MES c ECL 750 768 768 
Asia: 
Bürmas eege ee et E i nici reium AE 1,000 900 1,000 
China, mainland ©: U ul. U. L. U. ee ee ee ee 8 600 700 800 
/!ͤù˙ Add DI ĩðâ2 M NEM 112 90 127 
Is ð mk aa a AG 309 309 316 
J õAaAaaaddddddddddddddddddddddddſſ/dſbõdßdßfdũ Cp Si E 10,800 10,693 10,804 
Korea 
North EE 700 700 700 
Ee ee 588 611 906 
Fiir ele 1,396 1,575 1,561 
J ³˙¹.¹—²m ⁰ -w-. EC r 116 1 
Oceania: 
lr lU aue u Sa i scio DEDE Eier eee ke 19,842 21,281 24,667 
REES 61 55 
New Guinea and Papua __. .. 17 18 17 
New- Aaland. : u u RE E 4 7 
KC RE r 258,203 275,075 288,601 
e Estimate. P Preliminary. r Revised. 


1 Recoverable content of ores and concentrates produced unless otherwise noted. 

? Silver is also produced in Bulgaria, Guatemala, Hungary, New Zealand, Thailand, Turkey, Southern 
Rhodesia, and several other African countries. Quantities are insignificant or not reported. 

3 Smelter and/or refinery production. 

4 Recoverable content of Tsumeb Corp. Ltd. concentrates, as reported for year ending June 30 of year stated. 

$ Includes recovery from copper refinery sludges. 

6 Totals are of listed figures only. 


Slag—Iron and Steel 


By Frank L. Fisher 1 


Consumption of iron-blast-furnace slag 
in 1969 equaled available supplies, and 
slightly more material was processed than 
in 1968. The value of iron-blast-furnace 
slag marketed in 1969 was higher for most 
categories; the sharpest price increases were 
reported for roofing granules and agricul- 
ture slag used for liming soil. The steel 
slag consumed in 1969 was below the pro- 
duction rate, although several significant 
new uses were developed. The tonnage of 
air-cooled slag used in bituminous concrete 
was approximately the same as in 1968. A 


significant change occurred, however, in 
the use made of slag in highway construc- 
tion. The greatly expanded use of blast 
furnace slag as the required aggregate in 
the surface courses of highways, was due 
to its unusually fine skid-resistant character- 
istics. In many geographical areas, it is now 
customary that slag be used in the com- 
posite material for the surface (weaving) 
area of heavily traveled highways. 


1Physical scientist, Bureau of Mines, Minnea- 
polis, Minn. 


Table 1.—Iron-blast-furnace slag processed in the United States, by types 
(Thousand short tons and thousand dollars) 


Air-cooled Granulated Expanded Total 
Year Screened Unscreened 

— — Y — Value! Value Value 

Quan- Value Quan- Value Quan- Quan- Quan- 

tity tity tity tity tity 
LEE 22,531 $39,624 1,402 $1,270 3,550 $2,674 2,596 $7,879 30,079 $51,447 
19686... o 8 ,925 35,348 551 588 38,749 3,026 2,525 7,860 26,750 46,822 
196 Foe sesame S 22,326 39,204 1,052 800 3,760 2,834 2,456 7,262 29,598 50,101 
ri EE 21,757 39,034 1,826 1,493 2,944 2,631 2,215 6,251 28,742 49,408 
1960... ᷣͤ eee 22,295 41,388 2,239 2,525 2,818 3,431 2,422 6,985 29,774 54,330 


! Excludes value of slag used for manufacturing hydraulic cement 1965-69; and granulated aggregate for 


concrete-block manufacturing 1966-68. 
Source: National Slag Association. 


Table 2.—Iron-blast-furnace slag processed in the United States, by States 
(Thousand short tons and thousand dollars) 


Year and State 


1968 
CJL'!dõ᷑ m ³ Ä ⁰Z uico ete 
Pennsylvania.._.....-.------------------------- 
Illinois, Indiana, Michigan. .....................- 
Other States lll 
!; Siz Sususs 

1969 
G PCM" -——————— RE 
Pennsylvania... -------------------------------- 
Illinois, Indiana, Michean 
Other States 22.22 22222222 LLL 222222222 222-2. 
oll! iiaei 232 


Screened air-cooled All types 
Quantity Value Quantity Value 
4,175 $8 ,208 5,994 $11,571 
S 5,728 11,251 7,898 18,751 
: 4,808 7,759 6,472 9,776 
" 7,046 11,817 8,878 14,309 
21,757 39,034 28,742 49, 408 
4, 576 9,024 6, 806 13, 291 
5, 579 11,346 7,268 14,548 
i 4,277 7,767 5,922 10,706 
Z 7,863 13,252 9,778 15,784 
22,295 41,388 29,774 54,330 


1 Alabama, California, Colorado, Kentucky, Louisiana (1969), Maryland, Minnesota, New York, Texas, 


Utah, and West Virginia. 
Source: National Slag Association. 
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Table 3.—Shipments of iron-blast-furnace slag in the United States, 
by methods of transportation 


1968 1969 
Method of transportation 
'Thousand Percent Thousand Percent 
short tons of total short tons of total 
J§öÜàĩ 4 K Er cu De E Ce 6,334 22 4,610 14 
Toek EE 21,478 75 24,425 83 
KE EE E Lee u LA 718 8 738 8 
OUR NRI d IRE RR 28,530 100 29,774 100 


Source: National Slag Association. 


DOMESTIC PRODUCTION 


The production of iron-blast- furnace slag 
is dominated by the air-cooled, screened 
product, which totaled 22.3 million short 
tons valued at $41.4 million in 1969. 
Overall slag output increased 4 percent 
over 1968 figures, with granulated and 
expanded slag contributing to the total of 
30 million short tons, valued at $54.3 mil- 
lion. Most of the production centered in 
11 States, with Pennsylvania and Ohio the 


leading States in the quantity produced. A 
total of 1,667 plant and yard personnel 
worked 3,877,520 man-hours during 1969 in 
56 air-cooled, 17 expanded, and 14 granu- 
lated slag plants. Their output was approx- 
imately the same as in 1968 with equal 
work force and facilities. The quantity of 
slag-encrusted magnetic iron produced in 
1969 at these operations was 4,162,000 tons. 


CONSUMPTION AND USES 


Consumption of air-cooled, iron-blast- 
furnace slag increased in 1969, especially as 
an aggregate in portland cement concrete 
structures. Other uses showed moderate 
increases in consumption with the excep- 
tion of the quantity of slag used in pave- 


ments (other than highway construction) 
and railroad ballast, which showed sharp 
declines in use. Consumption of steel slag 
increased 18 percent. The major gain in 
use was in the slag categorized as miscella- 
neous base or fill. 


Table 4.—Air-cooled iron-blast-furnace slag sold or used by processors 
in the United States, by uses 


(Thousand short tons and thousand dollars) 


1968 1969 
Use Screened Unscreened Screened Unscreened 
Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity 
Aggregate in— 
Portland cement concrete construc- 
tion: 
Structures 1,284 $32,461 ..... ..... 2,010 $4,205 ..... ..... 
Pavements.. ..............- 1,378 2,899 ..... ..... 7 . uum 
Bituminous construction (all types). 3,661 6,929 249 $109 3,796 7,418 127 $228 
Highway and airport construction! 9,282 16,785 95 111 10,086 18,198 446 432 
Manufacture of concrete block. .... 264 464 222.2 see 43 „ 
Railroad balla t 4,228 6,149 ..... — 3,408 5,047 ..... ....- 
Mineral wool.......................- 390 612 26 20 413 681 29 20 
Roofing slag: 
Cover materiall 352 611 ĩᷣ andai 414 1,266 ..... ..... 
GranuleS...-...2cco.-- e EE RA 167 338 SESS 84 DIT cassa Gauss 
Sewage trickling filter medium 24 PPS acu 23 48. poles CERNE 
Agricultural slag, limin g 2 R 8 S nw 
RM.... cos cocte nce ES 731 1,804 1,457 1,253 914 1,511 1,637 1,846 
/ ¹w»A. dme ⁰ 21,757 39,034 1,826 1,498 22,295 41,388 2,239 2, 525 


Other than in portland cement concrete and bituminous construction. 


Source: National Slag Association. 
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Table 5.—Granulated and expanded iron-blast-furnace slag sold or used by processors 
in the United States, by uses 


(Thousand short tons and thousand dollars) 


1968 1969 
Use Granulated Expanded Granulated Expanded 
Quan- Value Quan- Value Quan- Value s. Value 
tity tity tity ity 
Highway construction and fill (road, etc.) 1, 643 $2, 195 . 1,707 $2,459 ..... . 
pu slag, liming...............- 59 PE zs — o 1 ĩ “sonas 
ufacture of cement (all types) 914 NA: A 80 NA). 2 222922 
Lightweight concrete 718 $2,288 .....  ..... 222 $908 
A te for concrete-block manufacture. 131 NA 1,438 3, 809 174 366 1,955 5,783 
Other uses 197 215 59 209 197 234 245 345 
!! as... JQ s: 2,944 12,631 2,215 6,251 2,818 3,431 2,422 6,985 


NA Not available. 


| Excludes value of granulated slag used for hydraulic cement manufacture and concrete-block manufacture. 


Source: National Slag Association. 


Table 6.—Steel slag sold or used by 
processors in the United States, 
in 1969, by uses 1 
(Thousand short tons and thousand dollars) 


Use Quantity Value 

Railroad ballast. ............. 922 $941 
Highway base or shoulders . 1,604 1,570 
Paved-area base 1,063 889 
Miscellaneous base or fill 2,381 2,723 
Bituminous mixes 265 312 
Agricultural.................- 95 368 
Other uses 969 882 
KN sees ease cesen 7,299 7,685 


! Excludes tonnage returned to furnaces for charge 
material. 


Source: National Slag Association. 


Granulated blast-furnace slag has found 
increased use in agriculture where it is 
used for liming soils. The slag has been 
found to be as effective in increasing the 
soil pH as either dolomitic or calcitic lime- 
stone. Extensive tests in Ohio have shown 
that granulated blast-furnace slag can be 
effectively used for correcting soil acidity.2 


2 Jones, J. B., Jr. Granulated Slag for Liming 
Soils. Ohio Report on Research and Development, 
Ohio Research & ca ar Center, Wooster. 
July-August, 1968, pp. 62-63 


PRICES 


The prices of iron-blast-furnace slag sold 
or used by processors in the United States 
showed a general upward trend during 
1969. The diverse characteristics of the 
many types of commercial slag indicated 
a range from $0.68 per short ton for slag 
used in mineral wool to $6.84 per short ton 


for roofing granules. The higher price of 
slag for roofing granules is attributed in 
part to an increase in demand. The in- 
crease in the average value of expanded slag 
used in lightweight concrete reflects the 
higher demand for its use in this type of 
concrete. 
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Table 7.—Average value of iron-blast-furnace slag sold or used by processors 
in the United States, by uses 


(Per short ton) 


Air-cooled 
Use Screened Unscreened Granulated Expanded 
1968 1969 1968 1969 1968 1969 1968 1969 
Aggregate in— 
Portland cement concrete construction. 52.01 $2.09 ..... J A 
Bituminous construction (all types) ` ` 1.89 1.95 ..... CUO? ames chen, ice. ¿sahi 
Highway and airport construction .. 1.80 1.80 $1.16 1.26 $1.40 $1.44 ..... . 
Manufacture of concrete block. ........ 1:76 ke eee: SLO 1 2.10 $2.65 $2.98 
Lightweight concrete: ⁰ðVU“]h y . y 3.11 4.08 
Railroad ballast... ......................- h Cem en. cece wees uses 
Mineral wooollll“lll „ 1.58 1.64 —PNM )))) ĩð u tees 
Roofing slag: 
Cover material_____ r asesan ede Airis aed 
Granules____. eet 4.00. 10264 ͥx ̃ TT Ceetices” eee 
Sewage trickling filter medium 1:64. /,, ⁰o hee - 8 
Agricultural slag, liming_____ 1.58 2.46 ..... ..... 1.80 1.96 ..... ..... 
Other uses... 22:0 cc Dyos uzi 1.78 1.65 86 1.12 1.69 1.18 3.52 1.40 


! Other than in portland cement and bituminous construction. 


Source: National Slag Association. 


TECHNOLOGY 


A technique was developed for producing 
lighter weight slag by air-cooling in thin 
layers. The production of lightweight pel- 
lets by another process results in an end 
product with greatly incrcased workability 
and strength in slag lightweight concrete. 

Detailed information on electroslag re- 
fining (ESR) is now available.3 The ESR 
process is presently firmly established on 
a commercial scale for the production of 
special alloy steels in East and West Europe, 
especially in the U.S.S.R. In this process, 
slag is effectively used as the purifier and 
impurity scavenger. In the resulting slag- 


metal reaction, the process is manipulated 
to give an ingot with desirable physical 
properties. The economics of the process 
reportedly compare favorably with those 
of the vacuum-arc-refining (VAR) process, 
which is also widely used in these countries. 
Other technical articles on slag utilization 
were published.4 


3 Duckworth, W. 
slag Refining. Chapman and Hall, 
1969, 178 pp. 

* Pit and Quarry. Vulcan Materials Solves Slag 
Handling Problem at Fairfield, Ala., Plant. V. 62, 
No. 3, September 1969, pp. 123-124. 


E., and G. Hoyle. Electro- 
(London), 


Sodium and Sodium Compounds 


By Arnold M. Lansche 1 


Total domestic production of soda ash 
(sodium carbonate) and crude salt cake 
(sodium sulfate) from manufactured and 
natural sources increased approximately 13 
percent in 1969, with the proportion of 


total output derived from natural occur- 
rences showing a marked rise. The trona 
deposits near Green River, Wyo., continued 
to supply the major portion of soda ash 
from natural sources. 


DOMESTIC PRODUCTION 


Total production of soda ash increased 
about 6 percent in 1969. Production of 
manufactured soda ash declined 2 percent, 
while output from natural sources rose 23 
percent. The contribution of trona and 
natural brines to the total production of 
soda ash has trended upward during the 
past 5 years, increasing in 1965 by 23 per- 
cent; 1966, 26 percent; 1967, 26 percent; 
1968, 31 percent; 1969, 36 percent. 


Soda ash derived from natural sources 
was produced in California from dry lake 
brines and in Wyoming from underground 
bedded trona deposits. California producers 
were American Potash and Chemical Corp. 
and Stauffer Chemical Co. Wyoming pro- 
ducers were Allied Chemical Corp., FMC 
Corp., and Stauffer Chemical Co. of Wyo- 
ming. 

Allied Chemical Corp. developed a new 
trona mine and began operating a 550,000- 


ton-per-year trona (natural soda ash) re- 
finery in the Green River area of Wyoming 


1Physical scientist, Bureau of Mines, Bartles- 
ville, Okla. 


Table 1.—Manufactured and natural 
sodium carbonates produced in the 
United States 
(Thousand short tons and thousand dollars) 


Manufactured 
soda ash Natural sodium 
Year (ammonia- carbonates ? 
soda process) ! ? 
Quantity Quantity Value 
1965. ` 4,926 1,494 $34,717 
1966...... 5,071 1,738 40,674 
1967...... 4,849 1,726 40,539 
1968...... r 4,596 2,043 42,104 
19699. p 4,508 2,518 50, 922 
p Preliminary. r Revised. 


Bureau of the Census. 

2 Includes quantities used to manufacture caustie 
soda, sodium bicarbonate, and finished light and 
dense soda ash. 

3 Soda ash and trona (sesquicarbonate). 


Table 2.—Sodium sulfate produced and sold or used by producers in the United States 1 


(Thousand short tons and thousand dollars) 


Production (manufactured 
and natural) ? 


Sold or used by producers 
(natural only) 


Year 
Lower purity 3 
(99 percent High purity Quantity Value 
or less) 
1965 L u Z sonu ke eee eee gets 976 428 620 $11,024 
1960... ee cxt tels LU IL 1,009 436 640 11,271 
KT EE r 696 r 668 687 10,710 
1868... iles [sai ⁰ oue r 758 r 725 700 12,729 
1968 8 p 1,042 p 429 672 12,427 
» Preliminary. r Re 


vised. 
1 All quantities 5 to 100 percent Na: SO. basis. 


2 Bureau of the Census. 
3 Includes glauber's salt. 
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in 1969.2 FMC Corp. reportedly planned 
its fourth mine shaft into Wyoming trona 
deposits to supply the increasing demand. 
Texas Gulf Sulphur Co. sank a 16-foot- 
diameter shaft at its trona property at 
Black's Fork, Wyo., during the year. The 
shaft was sunk to a depth of 1,500 feet and 
perforated the upper and lower trona beds. 

Total production of manufactured and 
natural sodium sulfate declined less than 
1 percent from that of 1968. Salt cake was 
produced from dry lake brines in California 
by American Potash and Chemical Corp. 
at Trona, by Stauffer Chemical Co. at West- 
end, and by United States Borax and 
Chemical Co. at Wilmington and San Fran- 
cisco. Ozark-Mahoning Co. recovered salt 
cake from subterranean brines at its Brown- 
field, Monahans, and Seagraves plants in 
Texas. William E. Pratt Co. harvested 
sodium sulfate from dry lake beds near 
Casper, Wyo. 
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During the past 3 years, Gulf Resources 
and Chemical Corp. developed a fully in- 
tegrated operation in Utah to produce 
sodium sulfate and other important salts 
from Great Salt Lake brines3 The Utah 
State Land Board gave the company rights 
to 84,000 acres of the lake to produce the 
salts with the stipulation that operations 
could not begin until after March 1969. 
Initial production is scheduled for late 
1970. 

Sodium metal production increased from 
156,859 tons in 1968 to about 165,000 tons 
in 1969. 

Sodium and its coproduct chlorine were 
produced by electrolysis of molten salt by 
three companies at five plants: E. I. du 
Pont de Nemours & Co., Inc., at Niagara 
Falls, N.Y., and Memphis, Tenn. Ethyl 
Corp., at Baton Rouge, La., and Houston, 
Tex.; and Reactive Metals, Inc., at Ashta- 
bula, Ohio. 


CONSUMPTION AND USES 


According to the most recent statistics 
(1967) published by the Bureau of the 
Census, glass consumed approximately 50 
percent of the manufactured soda ash, 
chemicals about 40 percent, and pulp and 
paper production about 8 percent; the 
remainder was used in water treatment and 
making soap and detergent. Natural soda 
ash also was consumed in those uses. Caus- 
tic soda has replaced. most of the soda ash 
used to convert bauxite to alumina. 

Kraft paper production utilized about 74 
percent of sodium sulfate output. Manu- 
facture of glass, ceramic glazers, detergents, 
stockfeeds, dyes, textiles, medicines, and 
miscellaneous chemicals also consumed 
sodium sulfate. 

A new process, Holopulping (from holo- 
cellulose pulps), may revolutionize the 
papermaking industry and cause salt cake 
to lose its major consuming market.* Holo- 
pulping is a selective process for removing 
lignin from wood used in papermaking. If 


successful, the new process could reduce 
chemical costs about 60 percent and in- 
crease pulp yield from about 50 percent by 
the Kraft process to almost 80 percent. 

Manufacture of tetraethyl lead and tet- 
ramethyl lead consumed most of the metal- 
lic sodium output in 1969. Future market- 
ing of metallic sodium for use in making 
tetraethyl and tetramethyl lead compounds 
was threatened by plans to stop adding 
these lead compounds to gasoline. Sodium- 
cored electrical conduction cable received 
greater acceptance as a substitute for more 
expensive copper cable. Titanium producers 
used sodium in reducing titanium tetra- 
chloride to elemental titanium. 


2 Industrial Minerals (London). No. 22, July 
1969, p. 31. 


3 Industrial Minerals. The Mineral Wealth of 
1 Great Salt Lake. No. 21, June 1969, pp. 
6. 


4 Chemical and Engineering News. Holopulping 
Paper Process to Cost Chemicals a Market. V 
47, No. 21, May 19, 1969, pp. 30-32. 


SODIUM AND SODIUM COMPOUNDS 
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PRICES 


Price quotations for sodium carbonate, 
sodium sulfate, and sodium metal at the 
end of 1968 and 1969 as reported in the 


Oil, Paint and Drug Reporter were as 
follows: 


1968 1969 
Sodium carbonate (soda ash, 58 percent Na2O) : 
Light, paper bags, carlots, work. per 100 pounds.. $2.05 $2.15 
ht, bulk, carlots, works 49 1.55 1.65 
Dense paper bags, carlots, works. do. 2.15 2.15- 
2.25 
Dense, bulk, carlots, works a Co ... 1.60 1.65 
Sodium sulfate (100 percent NasSO4): 
Technical detergent, rayon-grade, bags, carlots, works per ton 40.00 40.00 
Techn etergent, rayon-grade, bulk, works ee 4 38.00 34.00 
Domestic salt cake, bulk, works ii? do-. 28.00 28.00 
National Formulary (N.F.VII), drum 8 per pound.... 23 257 
Metallic sodium: 
Bricks, carlots, works -aaaea doce .24 .24 
Fused, lots of 18,000 pounds and more, work do 28 22 
Bulk, tank, Le!!lkl!lnlnln e im 489 18 17% 


1 Delivered east of the Mississippi River. 


FOREIGN TRADE 


Exports of sodium sulfate in 1969 in- 
creased 63 percent over those in 1968. About 
74 percent of the total exports went to 
Australia (22,882 tons) Canada (22,124 
tons) and the Netherlands (22,104 tons) . 
Almost 6 percent of total sodium sulfate 
production was exported, compared with 
about 4 percent in 1968. 

Exports of sodium carbonate increased 
12 percent compared with those of 1968. 
About 55 percent of the exports, 179,537 
tons, went to Canada. Exports represented 
approximately 7 percent of manufactured 
output in 1969. 

Imports of sodium sulfate declined about 
6 percent, compared with those of 1968. 


Belgium-Luxembourg supplied 46 percent 
or 131,552 short tons of the total imports; 
imports were also received from Canada, 
Chile, Jamaica, Japan, the United Kingdom, 
and West Germany. 


Table 3.—U.S. exports of sodium carbonate 
and sodium sulfate 


(Thousand short tons and thousand dollars) 


" Sodium carbonate Sodium sulfate 
ear —— a —— = = s 
Quantity Value Quantity Value 
1967 304 $9,914 28 $856 
1968...... 288 9,181 56 1,844 
1969. 324 10, 826 91 2, 644 


Table 4.— U.S. imports for consumption of sodium sulfate 
(Thousand short tons and thousand dollars) 


Crude (salt cake) Anhydrous Total! 
Y 
id Quantity Value Quantity Value Quantity Value 
————— ⁵ usa 278 4,812 15 $190 289 $4,508 
1968 CREME M Ä A 279 11 „721 25 377 305 5, 108 
öÜẽL.ͥĩ casu guy oe a. 264 4,477 22 824 286 4,808 


1 Includes glauber salt, as follows; 1967, 662 tons ($5,948); 1968, 1,277 tons ($10,107); 1969, 158 tons ($6,935). 


At yearend, new tariff rates were estab- 
lished for imports of sodium compounds 
effective January 1, 1970, as follows: 


Sodium carbonate: 


Calcined (soda ash) 
Hydrated and sesquicarbonate .. 


Sodium sulfate: 
Crude (salt cake) 
hydrous 


Tariff rate 


per 
short tons 


Crystallized (glauber salt) ...... 70 


1018 


MINERALS YEARBOOK, 1969 


WORLD REVIEW 


Canada.—Early in 1969 a 100,000-ton-per- 
year sodium sulfate refinery began produc- 
tion at Cabri, Saskatchewan. Crude material 
was obtained from nearby Snakehole Lake. 
Refined material will be sold mainly to 
pulp and paper manufacturers. The follow- 
ing plants produced sodium sulfate in 1969: 


Annual 
capacity, 
Plant tons 
Midwest Chemicals Ltd -.. Palo 100,000 
Ormiston Mining and 
Smelting Co .......-..-- Ormiston 15,000 
Sybouts Sodium Sulphate 
D. Le uL E Gladmar 30,000 
Saskatchewan Minerals 
upper EEN Chaplin 150,000 
Fredrick 50,000 
Far Valley 150,000 
Sodium Sulphate (Saskat- 
chewan) Ltd ..........- Alsask 50,000 
Francana Minerals Co .... Cabri 100,000 


Columbia.—Construction of new facili- 
ties at the caustic soda plant at Mamonal 
was reported to have begun in November 
1968, equipment was to be installed in 
1969, and production was scheduled for 
August 1970.5 The new installation will 
have a capacity to produce 500 metric tons 
of sodium carbonate per day, 95 tons of 
which will be converted into 70 tons of 
caustic soda by the Solvay process. Addi- 
tional expansion, expected to go on stream 


in 1971-72, will be an electrolytic process 
with annual capacity of 39,600 tons of 
caustic soda and 34,000 tons of chlorine. 
Demand for caustic soda in Colombia was 
reportedly expanding at about 9 percent 
per year. Production capacity of caustic 
soda plants in 1968 was 61,000 tons, in 1969 
it was 75,000 tons, and in 1972 it is ex- 
pected to be 93,000 tons; for sodium car- 
bonate plants, the figures were 1968, 46,000 
tons; 1969, 52,000 tons; and 1972, 73,000 
tons. 

India.— The Indian Government was 
asked by the Bengal and National Cham- 
bers of Commerce and Industry to build a 
72, 000-ton- per- year soda ash plant at Dur- 
gapur.s A letter of intent was issued for 
a 130,000-ton-per-year soda ash plant to be 
built at Gujarat. 

Italy.—Plans were made by Società 
Chimica del Mediterraneo, a company 
formed by Ente Minerario Siciliano, and 
Orinico and Chimica Meridionale, to build 
a sodium carbonate plant at Termini 
Imerese capable of a 200,000-ton-per-year 
output.? 

Turkey.—A soda ash plant with a 
300,000-ton-per-year production capacity 
costing $13.3 million was planned for con- 
struction. | 


TECHNOLOGY 


The monovalent, ionic nature of sodium 
aluminate solutions was reported as estab- 
lished.8 This information is of value in 
understanding the equilibria and kinetics 
of the extraction and decomposition re- 
actions occurring in the Bayer method for 
processing bauxite. 

The U.S. Bureau of Mines reported re- 
search on the use of sodium sulfate to re- 
duce the copper content of ferrous scrap, 
such as automobile scrap.9 

The U.S. Geological Survey published a 
professional paper concerning trona deposits 
in Wyoming which discussed geology, strati- 
graphy, geochemistry, source of the com- 
ponents in the deposit, and probable en- 


vironmental conditions prevailing when the 
deposit was laid down. 10 


5 Mineral Trade Notes. V. 66, No. 2, February 
1969, pp. 37-38. 

6 European Chemical News. Soda Ash Requested 
for Durgapur. V. 15, No. 379, May 9, 1969, p. 10. 

Chemical Age (London). New Plant in Sicily 
To Produce Sodium Carbonate. V. 99, No. 2585, 
Jan. 31, 1969, p. 30. 

8 Glastonburg, J. R. Nature of Sodium Alumin- 
ate Solutions. Chem. and Ind., v. 5, Feb. 1, 1969, 
pp. 121-125. 

? Makar, Harry V., and Bevely W. Dunning, 
jr. Use of Sodium Sulfate for Copper Removal 
From Molton Iron. J. Metals, v. 21, No. 7, July 
1969, pp. 19-22. 

10 Bradley, W. H., and H. P. Engster. Geo- 
chemistry and Paleolimnology of the Trona De- 
posits and Associated Authigenic Minerals of the 
Green River Formation of Wyoming. U.S. Geol. 
Survey Prof. Paper 496-B, 1969, 71 pp. 


Stone 


By S. O. Wood, Jr.,* and M. Carrales, Ir. 


Domestic production of stone increased 5 
percent from 820 million tons in 1968 to 
863 million tons in 1969. Total value in- 
creased to a new record high of $1.42 bil- 
lion in 1969. Pennsylvania, with a produc- 
tion of 67 million tons, was the Nation's 
leader. Other large producers, in order of 
output, were Illinois, Ohio, Texas, Florida, 
and Missouri. These six leading States pro- 
duced 305 million tons—35 percent of the 
Nation's output. Production of stone was 
reported in all States except Delaware. AI- 
though dimension stone production de- 
creased 9 percent, its value of $99 million 
was virtually the same in 1968. Dimension 
stone accounted for less than 0.3 percent 
of total stone output. Crushed stone ac- 
counted for more than 99 percent of the 
total volume of stone produced, but its 
value was only 93 percent of the total value. 
Production of crushed stone was 861 mil- 
lion tons valued at $1.33 billion compared 
with 818 million tons valued at $1.22 bil- 
lion in 1968. The main uses of crushed 
stone were dense graded road base stone, 
25 percent; concrete aggregate (coarse), 14 
percent; cement manufacture, 12 percent; 
unspecified construction aggregate and 
roadstone, 11 percent; and bituminous ag- 
gregate, 8 percent. 

Legislation and Government Programs. 
—The Tax Reform Act of 1969 authorized 
changes in certain mineral and metal de- 
pletion rates effective with taxable years 
beginning after October 9, 1969. The de- 
pletion rate for dimension stone was low- 
ered from 15 to 14 percent of gross in- 
come. The 5 percent depletion rate for 


common stone products used for riprap, 
ballast, road materials, rubble, concrete ag- 
gregate, and similar construction purposes 
was unchanged. 

Pursuant to the Federal Metal and Non- 
metallic Mine Safety Act of 1966 (Public 
Law 89-577), the first Federal health and 
safety standards to be established for all 
domestic metal and nonmetal mines were 
published in August 1969 in the Federal 
Register.2 The standards were promulgated 
to provide better on-the-job protection for 
nearly 200,000 workers in noncoal mines. 
Some included items were fire prevention 
and control; air quality; storage and han- 
dling of explosives; drilling, loading, haul- 
ing, and dumping operations; electrical 
equipment use and installation; radiation 
exposure; and maintenance and use of 
mining equipment. 

The U.S. 4th Circuit Court of Appeals 
reversed a ruling of the National Labor 
Relations Board (NLRB) on what should 
be an appropriate bargaining unit in the 
pit and quarry and ready-mix concrete 
business of Harry T. Campbell Son's Corp. 
of Towson, Md.3 The company took the 
position that the NLRB acted unreasona- 
bly in selecting employees in only the cal- 
cite operations as an appropriate unit. The 
Appeals Court agreed with the company. 


1 Petroleum engineer, Bureau of Mines, Dallas, 
Tex. 

2 Federal Register. V. 34, No. 145, July 31, 1969, 
pp. 12503-12527. 

3 Unterberger, S. Herbert. Labor Developments. 
d and Quarry, v. 61, No. 1I, May 1969, pp. 13, 
64. 


Table 1.—Salient stone statistics in the United States 1 
(Thousand short tons and thousand dollars) 


1965 1966 1967 1968 1969 
Shipped or used by producers: 
Dimension stone 2,408 2,327 2,011 2,060 1,878 
alue ----------- $92,235 $89,814 $95,472 $98,441 $98,647 
Crushed stone 777, 839 811, 047 783, 581 817, 5387 861,021 
Value ------------ $1,111,596 $1,170,901 $1,144,772 $1,219,469 $1,826,047 
Total stone .......... 780, 242 818,374 785, 592 19,5 62, 
Value............- $1,203,831 $1,260,715 $1,240,244 $1,317,911 $1,424,694 
Exports (value) r $9,631 r $11,134 r $11,156 $9,969 $10,223 
Imports for consumption 
(value) 320, 414 $20,739 $19,823 324, 629 $29,306 
r Revised. 


1 Includes slate. 


* Data may not add to totals shown because of independent rounding. 
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DIMENSION STONE 


DOMESTIC PRODUCTION 


Of the total quanity of dimension stone 
sold or used by producers, granite com- 
prised 37 percent; limestone, 31 percent; 
sandstone, 17 percent; slate, 8 percent; 
marble, 4 percent; and other stone, 3 per- 
cent. 

The National Limestone Institute held 
its 24th annual convention in Washington, 
D.C.* The program covered virtually every 
facet of major significance affecting lime- 
stone producers individually and as an in- 
dustry and included current and future 
highway construction, agriculture, labor, 
environmental controls, all phases of opera- 
tion, and new markets. The Iowa Lime- 
stone Producers Association held its 24th 
annual convention in Des Moines.5 The 
main topics considered were factors affect- 
ing the industry nationally, relationships 
between highway engineers and limestone 
producers, surface mining laws and recla- 
mation, aglime research, and blasting and 
safety. 

The Building Stone Institute held its 
50th annual convention at Miami, Fla.6 
The highlight of the convention was "an 
effective executive program." Other topics 
included automation, a sales course, a 
transporation course, diamond wire, epox- 
ies, thermal treatment of bluestone, and 
promotion and advertising. 

Jim Walter Corp. acquired the Georgia 


Marble Co. of Atlanta, Ga., which has op- 
erations in seven States.7 


CONSUMPTION AND USES 


Consumption of dimension stone de- 
creased 9 percent. A comparison of the 
quantity of various stone used in 1969 
with 1968 revealed the following trends: 
Granite, up 2 percent; limestone, down 5 
percent; marble, down 13 percent; slate, 
down 7 percent; and sandstone, un; 
changed. | 

Fabricating firms developed faster and 
less expensive erection methods in order to 
increase stone consumption. The Georgia 
Marble Co., Atlanta, Ga., described several 
labor-, time-, and money-saving erection 
processes. Of particular importance were 
four different wall erection systems. 

An unusual operation in this modern 
age of automation was conducted at the 
quarry of Jasper Stone Co., Jasper, Minn.“ 
Stonecutters produced premium materials 
to specification and thus provided evi- 
dence that such manual art is not lost. 
The use of stonecutting machines for this 
operation was not satisfactory. 


PRICES 


Average values (dollars per ton) are 
listed below for dimension stone, as re- 
ported to the Bureau of Mines: 


Building Monumental, 
rough and Flagging 
Rough Dressed dressed 
Granite- UU ]]) S 2 sa ZS $14.22 $68.70 392.4 
MGT f(§⁰¹ͥwm.. eee s IEEE 28.32 173.40 | |... | | ----- 
Limestone- --.---------------------------- 17.15 52.08  ---`-- $18.00 
Sandstone. ...... . ... .. . ee deb eu ci DE 15.88 44.67 e ę7/ 2an 97. 
I qs Mew PI EC 171.443 80.88 
Miscellaneous 11.87 20.6222 ..... 17.68 


FOREIGN TRADE 


U.S. building stone and monumental 
stone exports were valued at $2.7 million. 
In terms of value, Canada received 44 per- 
cent of the exported stone, Chile received 
28 percent, and Venezuela received 25 per- 
cent. 

Total stone imported into the United 
States was valued at $29.3 million, of 
which $24.1 million, or 82 percent, was di- 
mension stone. Marble, breccia, and onyx 
comprised 52 percent of the value of im- 


ported dimension stone. In descending 
order of value, other principal dimension 


* Pit and Quarry. 24th Annual Convention of 


National Limestone Institute. V. 61, No. 9, March 
1969, pp. 88-100. 

5 Pit and Quarry. 24th Annual Convention of 
Iowa Limestone Producers. V. 61, No. 12, June 
1969, p. 36. 

* Building Stone News. Effective Executive Pro- 
gram To Be BSI Convention Highlight. V. 9, 
No. 7, January 1969, p. 1. 

7 Hall, Dave. The Innovators. Stone Mag., v. 
89, No. 10, October 1969, p. 9. 

8 Pages 6—9 of work cited in footnote 7. 

? Herod, Buren C. Jasper Stone Co. Pit and 
Quarry, v. 62, No. 1, July 1969, pp. 74-79. 
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stone imports were granite, 22 percent; 
slate, 12 percent; and travertine, 10 per- 
cent. 

Italy and Portugal were the principal 
suppliers of polished marble. Canada and 
Italy were the chief sources of supply for 
monumental, paving, and building granite. 
Italy and the United Kingdom furnished 
most of the slate imports, and Italy was 
the main supplier of travertine. 


WORLD REVIEW 


South Africa, Republic of.—According to 
the University of Witwatersrand Mining 
Department, Johannesburg, a "supersonic" 
camera was used to take photographs of 
underground rock blasts.19 The objective 
was to determine what happens to rock 
formations underground when explosives 
are used. 

Spain.—Marmoles Blancos de  Maceal, 
operator of 30 white marble quarries in 
the mountains around Olula Del Rio in 
the province of Almería, mechanized oper- 
ations with the addition of 25 tractor 
shovels over a 314-year period.11 This in- 
creased the flexibility and productivity of 
the quarry operations. 

Thailand.—An investigation of Thai- 
land’s mineral resources was conducted 
from January 1963 to May 1966.12 Lime- 
stone was one of the minerals in the 58 
mineral prospects investigated. Economic 
development must await feasibility studies 
and additional geological work, including 
diamond drilling. 

Togo.—According to the U.S. Depart- 
ment of State, the Société Togolaise de 
Marbrerie et de Materiaux (SOTOMA), a 
joint venture of Italian private interests 
and the Togolese Government, started op- 
erations to quarry marble at Gnaoulou, 
about 90 miles north of Lomé. About 2,500 
metric tons of marble was produced in 
1969. 

United Kingdom.—The new Greenside- 
McAlpine rock tunneler, designed to cut a 
circular 10- to 14-foot-diameter tunnel, was 
used successfully to cut limestone with un- 
confined compressive strength ranging be- 
tween 21,000 and 33,000 psi.13 This tunnel- 
er thus provides capability for cutting 
hard limestone as opposed to drilling and 
blasting with attendant shattering and the 
necessity for more frequent use of steel rib 
supports. 

The Highlands and Islands Development 
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Board launched a campaign to encourage 
the exploitation of mineral resources in 
northwest Sutherland, Scotland.14 The 
Board completed an assessment of the min- 
eral potential of the area and is seeking 
inquiries from mining companies interested 
in developing the mineral prospects. 
Among the minerals found were dolomite, 
marble, and syenite. 


TECHNOLOGY 


Thermal treatment of bluestone was dis- 
cussed at the 50th annual convention of 
the Building Stone Institute.15 The treat- 
ment is similar to thermal finishing in the 
granite industry. | 

The Bushnell Machinery Co. of Pitts- 
burgh, Pa., applied for a patent for the 
use of granite pickle tanks in continuous 
pickling operations using either sulfuric or 
hydrochloric acid.16 This patent incorpo- 
rates advantageous auxiliary facilities such 
as arrangement of steam sparging, water 
seal covers, and ventilation system. 

The Bureau of Mines Twin Cities Min- 
ing Research Center at Minneapolis, 
Minn., continued to conduct theoretical 
and experimental studies on rock disinte- 
gration by application of energy. Research- 
ers used a scanning electron microscope 
(SEM) for systematic mapping of fracture 
surfaces of various materials.17 The Bu- 
reau of Mines issued a report noting the 
effect of increasing end constraint on the 
compressive strength of model rock pillars 
of limestone, marble, sandstone, and 
granite.18 The results of compression test- 
ing are useful in the design of room-and- 
pillar mining operations. 

10 Mining Magazine (London). Supersonic Cam- 
era Photographs Underground Rock Blasts. V. 
120, No. 1, January 1969, p. 51. 

11 Mining and Minerals Engineering. Michigan’s 
in Marble. V. 5, No. 6, June 1969, p. 16. 


12 Mining Journal (London). The Industry in 
Action: Exploration. V. 273, No. 7001, Oct. 24, 
1969, p. 375. 

13 Mining Journal (London). 

Through Hard Limestone. V. 271, 
December 1968, p. 447 


Tunnelling 
No. 6955, 


14 Mining Journal (London). The Industry in 
Mn Exp oration. V. 273, No. 6985, July 4, 
, p. 8. 


15 Page 3 of work cited in footnote 6. 

1$ Christian, Robert N. Evaluation of Granitc 
Facilities. Blast Furnace and Steel Plant, v. 57, 
No. 4, April 1969, pp. 310-311. 

17 Willard, Robert J. Scanning Electron Micro- 
scope Gives Researchers a Closer Look at Rock 
Fractures. Min. Eng. v. 21, No. 6, June 1969, 


p. 88-90. 

18 Babcock, Clarence O. Effect of Increasing 
End Constraint on the Compressive Strength of 
Model Rock Pillars. BuMines Rept. of Inv. 7298, 
1969, 18 pp. 
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Westinghouse Research Laboratories 
studied the potential uses of electron 
beams in cutting rock.19 The laboratory 
has an experimental model electron beam 
rock cutter capable of melting rock in sec- 
onds and penetrating to depths as much as 
1 inches. U.S. Army Corps of Engineers re- 


CRUSHED 


DOMESTIC PRODUCTION 


Crushed stone production reached a re- 
cord high of 861 million tons, 5 percent 
higher than the 818 million tons produced 
in 1968. Crushed stone comprised more 
than 99 percent of the volume but only 93 
percent of the value of 1969 total stone 
production. About 43 percent of the 
crushed stone production was used as ag- 
gregate. 

Descriptions of severa] new plants were 
published. Included among the plants that 
produced crushed stone from granite were 
two North Carolina operations. Superior 
Stone Co. built an 800-ton-per-hour aggre- 
gate plant to produce crushed granite and 
granite sand for the Charlotte, N.C., re- 
gion, one of the fastest growing markets in 
the United States.20 The flexibility of the 
operation is provided by control towers for 
the three operating divisions of the plant: 
Primary crushing, secondary crushing, and 
load out. Closed-circuit television facilitates 
remote control] of truck load-out opera- 
tions, and an automatic batching system 
utilizes punch cards to program the blend- 
ing of aggregate fractions. Nello L. Teer 
Company built one of the most advanced 
plants in the crushed stone industry at 
Rocky Mount, N.C.21 The 400-ton-per-hour 
plant can make straight or blended sizes to 
meet various specifications up to 4-inch 
filter stone. Riprap can also be produced 
in various sizes by installing a grizzly and 
conveyor at the primary station or adding 
a chute and conveyor at the secondary sta- 
tion. It is believed that this is the first 
crushed stone plant to utilize ultrasonics to 
monitor continuously and simultaneously 
the level of materials in bins. 

Penry Stone Co. began production at its 
Radnor, Ohio, aglime plant.22 The new 
plant has an agricultural lime capacity of 
30 tons per hour. An Indiana sand, gravel, 
and concrete producer, Irving Materials, 
Inc, entered the crushed limestone 
business.23 Capacity of the operation is es- 
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searchers tested an air- powered cannon 
that pulsed supersonic jets of water as a 
means to breach rock barriers and drill 
holes for demolition blasting. The cannon 
fires five jet pulses per second at pressures 
up to 100,000 pounds per square inch and 
could have applications in quarrying. 


STONE 


timated at 3,000 tons daily. The quarry is 
at McCordsville, Ind., near Indianapolis. 
Knob Rock, Inc., started development of a 
new limestone quarry near Shell Knob, 
Mo.24 Products were agricultural lime, 
with high magnesium and calcium con- 
tents, and several sizes of construction 
stone. 

Two plants that used basalt as raw ma- 
terial were operated in Hawaii. The H C & 
D, Ltd., new aggregate plant on the island 
of Oahu, helped supply the accelerated de- 
mand for construction materials.25 This 
highly automated plant was supplied with 
quarried basalt as raw material and re- 
quired only two operators for the crush- 
ing-and-screening layout. Pacific Cement & 
Aggregates, Inc., operated a 53 million 
plant in  Hawaii.?6 Besides aggregates 
(rated capacity 750 tons per hour), the 
plant also produces other blends and mis- 
cellaneous fill materials from waste. There 
are no known large-size natural gravel de- 
posits on the island; thus crushed basalt 
rock is used for aggregate and base- rock 
requirements. 

Producers continued to modernize and 
increase plant capacity to fulfill crushed 
stone requirements. Campbell Limestone 
Co. increased capacity to 1,400 tons per 
hour at its Liberty, S.C., crushed granite 


1? Construction Methods and Equipment. The 
Art of Tunneling. V. 51, No. 7, July 1969, pp. 
143-146. 

20 Levine, Sidney. Versatility Keynotes New 
Superior Stone Operation. Rock Prod., v. 72, No. 
9, September 1969, pp. 76-81. 

21 Pit and Quarry. Nello L. Teer Company's 
Newest Crushed Stone Plant. V. 61, No. 10, April 
1969, pp. 92-98, 112. 

2 Pit and Quarry. New Ohio Aglime Plant. V. 
61, No. 9, March 1969, p. 27. 

73 Rock Products. Irving Materials Starts Stone 
Production. V. 72, No. 8, August 1969, p. 18 

7^ Pit and Quarry. Knob Rock, Inc., To Open 
Missouri Limestone Quarry. V. 61, No. 11, May 
1969, p. 34. 

25 Utley, Harry F. Only Two Operators Re- 
quired for Highly Automated  Crushing-and- 
Screening Layout. Pit and Quarry, v. 61, No. 11, 
May 1969, pp. 96-99, 123. 

æ% Pit and Quarry. PC&A Constructs New 750- 
TPH Crushing-and-Screening Plant in Hawaii. V. 
61, No. 8, February 1969, p. 120-123. 
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plant.27 Equipment replacement and mod- 
ernization of the primary and secondary 
crushing systems substantially increased the 
operating capacity. Pacific Cement & Ag- 
gregates, Inc, started an automation-ex- 
pansion project for its Davenport facility 
in Santa Cruz County, Calif. The expan- 
sion includes installation of a 3-mile cov- 
ered conveyor for transferring limestone 
from the Bonny Doon quarry.28 The proj- 
ect, scheduled for completion in 1973, is 
expected to increase plant output of 3 mil- 
lion tons per year by 50 percent. Kelly 
Lime and Rock, Inc., completed revamping 
its plant in northeastern Missouri to boost 
aglime output capacity.29 The long-term 
rebuilding program resulted in increased 
capacity to 1,200 tons per, day. Agstone 
constituted 75 percent of total production. 
Texas Crushed Stone Co. of Austin, Tex., 
computerized material planning, inventory, 
and billing systems at its Georgetown, Tex. 
plant.30 The computerized systems, al- 
though expensive, have proved very satis- 
factory by pinpointing necessary product 
or operating changes, as well as handling 
accounting functions. Vulcan Materials Co. 
doubled production of its Kennesaw, Ga., 
plant with completion of its expansion 
program.31 This is the third moderniza- 
tion of its Atlanta-area granite aggregate 
plants since 1965. New equipment and 
structures included a primary crusher that 
doubled 8-inch crusher throughput to 800 
tons per hour, four low-profile towers for 
screens and crushers, concrete reclaimmg 
tunnels for surge piles and stockpiles, con- 
trol house towers, and a railroad spur. 

Also included in trade publications were 
descriptions of plants where changes were 
made to improve plant flexibility and in- 
crease production. Among those described 
were the L .G. Everist, Inc., plant at the 
site of the Dardenelle lock and dam proj- 
ect on the Arkansas River. The plant 
processes sand during the day and pro- 
duces three sizes of crushed stone (to U.S. 
Army Corps of Engineers specifications) 
during the night.32 By producing different 
materials on alternate shifts, coordination 
between the processing of materials and 
contractors’ pouring schedules was 
achieved. 

To provide operational flexibility, a 
marked change was made at Material Serv- 
ice Corp.’s Thornton, Ill, plant.33 A new 
primary crusher was placed on the quarry 
floor. Also, a surge pile was established 
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ahead of the plant feed conveyor to allow 
quarry and processing plant to operate in- 
dependently of each other. The operation 
is one of the world's largest stone-produc- 
tion facilities and produces more than 8 
million tons per year. 


CONSUMPTION AND USES 


Manufactured lightweight aggregates are 
the fastest growing segment of the entire 
rock products group.34 The application of 
lightweight aggregate continues to be 
strong in the field of masonry units and in 
a number of areas has been increasingly 
favored for high-rise construction and 
highway construction, particularly in skid- 
resistant topping. Hercules, Inc., com- 
menced building a plant at Snowden, Va., 
to make slate aggregate.35 The plant will 
"expand" slate in large rotary kilns to pro- 
duce a lightweight material suitable for 
use in construction such as building blocks 
and ready-mixed concrete. 

Several uncommon uses of limestone 
were publicized during the year. Engineers 
at U.S. Steel’s Applied Research Labora- 
tory found that if tanks were installed in a 
bed of crushed limestone, a calcium salt 
coating formed over the steel surface.36 
This coating substantially reduced natural 
corrosion caused by ground water. The 
Bureau of Mines reported on the methods 
for filling underground cavities remotely 
with dry material pneumatically injected 
through a borehole.37 The materials stud- 


27 Levine, Sidney. Campbell Limestone Doubles 
Capacity at Liberty 5 Rock Products, v. 
72, No. 3, March 1969, pp. 74-78. 

28 Pit and Quarry. Pacific Cement & Aggregates 
Continues Expansion in California. V. 61, No. 11, 
May 1969, p. 30. 

22 Herod, Buren C. Kelly Lime and Rock De- 
signs for Market. Pit and Quarry, v. 61, No. 11, 
May 1969, pp. 152-156. 

3? Snead, E. deS., and Buren C. Herod. Pro- 
duction Planning by Computer. Pit and Quarry, 
v. 61, No. 8, February 1969, p. 96. 

31 Levine, Sidney. Georgia Aggregate Producer 
Doubles Production. Rock Prod., v. 72, No. 4, 
April 1969, pp. 72-74. 

32 Bergstrom, John H. Stone Plant by Night— 
Sand Plant by Day. Rock Prod., v. 72, No. 4, 
April 1969, pp. 64—67. 

33 Burkhardt, H. A. Chicago Area Quarry Gets 
a New Look. Pit and Quarry, v. 62, No. 2, 
August 1969, pp. 104—107. 

34 Rock Products. Lightweight Aggregates—Way 
Above Average. V. 72, No. 12, December 1969, 
pp. 49—50. 

35 Industrial Minerals (London). World Min- 
erals: United States-Lightweight Slate Material. 
No. 21, June 1969, p. 44. 

Chemical Engineering News. Technology. V. 
47, No. 16, Apr. 14, 1969, p. 41. 

31 Murphy, Edwin M., Malcolm O. Magnuson, 
Peter Suder, Jr., and John Nagy. BuMines Rept. 
of Inv. 7214, December 1968, 27 pp. 
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ied were fly ash, crushed and pulverized 
limestone, and sand. The best results were 
obtained with dry fly ash, though satisfac- 
tory seals were obtained with the other 
materials. Low cost and widespread availa- 
bility were factors in considering limestone 
as a reactant for desulfurization of com- 
bustion gases. A study to determine the 
differences in the sulfur dioxide reaction 
characteristics of a large number of lime- 
stones and the physical and chemical prop- 
erties responsible for these differences was 
made by the U.S. Department of Health, 
Education and Welfare.38 Chaulk and oolit- 
ic limestone were the most efficient ab- 
sorbents, and magnesite and Iceland spar 
were the least efficient of the samples 
tcsted. 


PRICES 


Quotations in Engineering News-Record 
for carload lots of 114-inch crushed stone 
in 1969 ranged from $5.75 per ton in Min- 
neapolis to $1.55 per ton in Birmingham. 
The average price reported for 18 major 
cities was $2.94 per ton, almost a 10-per- 
cent increase from the 1968 average. The 
prices for 34-inch, crushed stone ranged 
from $5.75 per ton in Minneapolis to $1.60 
per ton in Birmingham and Saint Louis. 
The average price for 18 major cities was 
$2.98 per ton, an increase of 8 percent 
over the 1968 average. 

Prices for industrial fillers and extenders 
per ton, as reported in the American Paint 
Journal, were as follows: 


Silica, amorphous, ultra-fine 
Fr EREE $69 .00 
Silica, erystalline $20.50-$45.40 

Whiting precipitated, surface- 
rested... o Lcx $48.00 


Whiting, dry ground, 325 mesh... 
Whiting, precipitated, U.S. P. 
Whiting, precipitated, technical. 
Whiting, natural, water- ground 


$14.25-$19.00 
850. 00-5117. 00 
$33.00-$44.00 
$39.00 


FOREIGN TRADE 


Canada, with 79 percent of the value, 
was the major receiver of crushed stone 
exports. Other principal receivers were the 
United Kingdon, 6 percent; Bahamas, 4 
percent; and Mexico, 2 percent. 

Crushed stone imports represented 18 
percent of the total value of stone import. 
Canada, principal source of crushed stone, 
supplied 97 percent of the value of 
crushed stone, Principal imported crushed 
stone items included limestone chips and 
spalls (59 percent of quantity) and stone 
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chips and spalls combined with stone, 
crushed or ground (40 percent of quan- 
tity). These items accounted for 68 percent 
and 30 percent, respectively, of the total 
value of crushed stone imports. 


WORLD REVIEW 


Australia.—More than 40,000 acres of 
offshore claims for limestone and limestonc 
sand near the industrial center of Kwinana 
in Western Australia were staked by Aus- 
tralian Iron and Steel, a subsidiary of Bro- 
ken Hill Pty. Ltd.39 The claims extend 
from Carnac Island to near Point Peron 
on the mainland. These claims are ex- 
pected to be the source of supply of lime- 
stone for the Australian Iron and Steel 
Works at Kwinana. Heretofore, limestone 
came from two areas in South Australia, 
more than 1,000 miles away. 

Bahama Islands.—According to the U.S. 
Department of State, the Bahama Govern- 
ment set the royalty on mined aragonite at 
6 cents per long ton. The estimated re- 
serve of aragonite available in the Baha- 
mas was nearly 50 billion tons. 

Canada.—Laredo Limestone Ltd., Toron- 
to, Ontario leased waterfront property in 
the Greater Vancouver region and at Stock- 
ton, Calif., to provide storage and distribu- 
tion facilities for limestone mined on 
Aristazabal Island near Vancouver. 

Enercon Ltd. of Canada built a fly ash 
processing plant for the purpose of com- 
mercial utilization of the fly ash of a 
Hamilton, Ontario generating station.41 
Tests indicated that the lightweight aggre- 
gate produced was as good as the light- 
weight aggregates produced in Canada or 
the United States with more conventional 
raw materials. 

India.—The Geological Survey of India 
(GSI) located sizable reserves of lime- 
stone and other mineral deposits of eco- 
nomic significance in Maharashtra.4? Im- 
portant limestone deposits were found in 


38 Potter, Allen E. Sulfur Oxide Capacity of 
Limestones. Ceramic Bull., v. 48, No. 9, Septem- 
ber 1969, pp. 855—858. 

3 Mining Journal (London). The Industry in 
9 V. 273, No. 7007, Dec. 5, 1969, pp. 515, 

40 pit and Quarry. Laredo Limestone Ltd. To 
Begin Servicing Portland, Ore. V. 62, No. 1, 
July 1969, p. 28. 

4 Boux, Joseph F. Canadians Pioneer New Fly 
Ash Processing System. Miner. Processing, v. 10, 
No. 3, March 1969, pp. 16-19. 

* Mining Journal (London). The Industry in 
Action: Exploration. V. 272, No. 6981, June 6, 
1969, p. 49. 
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the belts of Rajur, Guarala, and Kurli-Par- 
thi. Generally, the limestone is low in 
magnesium, but rather high in silica con- 
tent. The GSI also estimated the limestone 
reserve of the Naikari-Kusumbi belt in the 
Chanda district to be 100 million metric 
tons. 


South Africa, Republic of.—The Pace 
Foster Corp. an American company, sub- 
mitted a 10-year plan to the Economic De- 
velopment Ministry to invest $55 million 
in Guyana.43 A portion of the investment 
was scheduled for building a limestone 
plant and a ready-mix concrete plant. 


United Kingdom.—Middle Peak quarry, 
Wirksworth, England, was developed by 
Derbyshire Stone Group into one of the 
largest and most efficient sandstone quar- 
ries in Britain.44 The British National 
Coal Board reported a probable market for 
the unburnt shale stocks that were increas- 
ing by an estimated 30 million tons a 
year.45 The material was subsituted for 
crushed stone as a subbase for roads and 
for an experimental embankment. 


TECHNOLOGY 


The Bureau of Mines continued its min- 
ing research studies and issued several re- 
ports pertaining to rock fragmentation. 
The elastic moduli of four types of rock 
measured at temperatures ranging from 
room temperature up to 1,500? F (1,089? 
K) were published.46 Data for Young's 
modulus, shear modulus, and Poisson’s ra- 
tio were given as a function of tempera- 
ture for Dresser basalt. Reserve taconite, 
Jasper quartzite, and Charcoal granite. A 
description of laboratory studies of com- 
bining water and electricity to break rock 
was published.47 The results of the experi- 
ments indicate that an “electrohydraulic 
pressure pulse" has the potential for devel- 
opment into a practical tool for rock frag- 
mentation. Suggested possible areas of ap- 
plication include drilling, where an 
electrohydraulic device would be designed 
to fit a water-filled drill hole; in ore proc- 
cssing where rock crushing is necessary; 
and in blasting research as an energy 
source. À “user's guide" to commercial ex- 
plosives and blastipg agents for mining 
and other industrial rock-breaking jobs was 
released A8 The guidebook lists and de- 
scribes ingredients, detonation velocities, 
and other important characteristics, such as 


1025 


detonation pressure, density, fume class, 
and water resistance, of the explosives. 


The Bureau of Mines reported on the 
hydraulic transportation of coarse solids 
including limestone, mine refuse, and bitu- 
minous coal.49 The lock-hopper-feeder sys- 
tem was found practical for continuous hy- 
draulic transporation of the materials, 
types, and size ranges tested. Construction 
of the first pipeline to transport limestone 
slurry from a distant quarry to a cement- 
manufacturing plant was started by Calav- 
eras Cement Division of the Flintkote 
Co.50 The 17.6-mile underground line will 
transport pulverized rock in liquid suspen- 
sion from the quarry to the company's San 
Andreas, Calif., cement plant. 


According to the National Crushed Stone 
Association (NCSA), there was increasing 
acceptance in the use of limestone (10 to 
30 mesh) blended with urea to provide 
anti-icing and antiskid protection on run- 
ways, strips, and ramps at airports. 5! 
NCSA prepared a presentation on vibrat- 
ing screens and their operation to assist 
operators in obtaining the maximum per- 
formance from their screening equipment.52 


Operators and manufacturers of stone- 
crushing equipment found methods of low- 
ering costs and increasing efficiency. Massa- 
chusetts Broken Stone Co., Inc., operator 
of three quarries in the Boston area, found 
that the use of water-gel explosives re- 
sulted in lower operating costs and in- 
creased rock fragmentation.53 Olmos Rock 


43 Pit and Quarry. $55-Million Project Includes 
Limestone Plant for Guyana. V. 62, No. 6, De- 
cember 1969, p. 26. 

* Ironman, Ralph. Quarrying the British Way. 
Rock Prod., v. 72, No. 8, August 1969, pp. 72-74. 

4 Mining and Mineral Engineering (London). 
Shale Sales. V. 5, No. 11, December 1969, p. 52. 

4 Wingquist, Carl F. Elastic Moduli of Rock 
at Elevated Temperatures. BuMines Rept. of Inv. 
7269, 1969, 8 pp. 

47 Kutter, H. K. The Electrohydraulic Effect: 
Potential Application in Rock Fragmentation. Bu- 
Mines Rept. of Inv. 7317, 1969, 35 pp. 

Dick, Richard A. Factors in Selecting and 
Applying Commercial Explosives and  Blasting 
Agents. BuMines Inf. Circ. 8405, 1968, 30 pp. 

2 Fowkes, R. S., and G. A. Wancheck. Mater- 
ials Handling Research: Hydraulic Transportation 
of Coarse Solids. BuMines Rept. of Inv. 7283, 
1969, 36 pp. 

80 Mining Congress Journal. Mining Newsmonth. 
V. 55, No. 12, December 1969, p. 18. 

51 National Crushed Stone Association. Specialty 
Market for Fine Crushed Stone. Useful Informa- 
tion 8-18, Dec. 22, 1969. 

52 Pit and Quarry. Vibrating Screens and Their 
Operation. Part I. V. 61, No. 11, May 1969, pp. 
100—105. 

53 Pit and Quarry. Water-Gel Explosives Reduce 
Costs at Massachusetts Quarry. V. 61, No. 7, 
January 1969, pp. 163-164. 
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Products Corp. of San Antonio, Tex., re- 
placed its nine small hauling units with 
three 45-ton-capacity International 180 
Payhaulers and increased production by 30 
percent at its quarry in the Edwards Lime- 
stone formation.54 A British company im- 
proved its design of stone-crushing ma- 
chines by substituting double rollers for the 
traditional toggle system of operating the 
crushing jaws and thereby eliminated fric- 
tional losses inherent in the double toggle 
action.55 This development in design pro- 
vided higher output at the same cost. . 
Important studies pertaining to operat- 
ing methods and dust pollution were de- 
scribed in the literature. Although the 
largest underground mining operations are 
in the 40,000- to 60,000-ton-per-day range, 
feasibility studies of considerably larger 
underground operations have been made. 
The results of a feasibility evaluation 
of a 100,000-ton-per-day operation were 
published.56 The evaluation covered a cen- 
tral underground-to-surface transportation 
system and a ventilation system. A system 
for controlling product dryness based on 
three temperature measurements was devel- 
oped at the Foxboro Co., Foxboro, Mass 57 
It is applicable to many types of dryers 
and provides better response to upsets or 
load disturbances than the conventional 
method, that of maintaining a constant 
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outlet-air temperature. An experimental 
study was carried out at the National 
Aeronautics and Space Admininstration 
Langley Research Center, Hampton, Va., to 
explore the feasibility of sorting particles 
by shape with standard sieving 
equipment.58 Included in this report are 
the basic considerations in sieving leading 
to formulation of the technique and the 
results of experiments with specially pre- 
pared particles and with randomly shaped 
crushed gravel. A study of in-plant control 
of dust pollution in aggregate plants was 
described.59 The results of the study indi- 
cated that a dry dust collection system uti- 
lizing an abrasive bag-type collector was 
the most satisfactory solution. 


54 Pit and Quarry. Olmos Rock Products Utilizes 
High-Capacity Off-Highway Haulers in Quarry 
Operations. V. 61, No. 8, February 1969, p. 56. 

S South African Mining and Engineering Jour- 
nal (Johannesburg). New Design For Stone 
Crusher. V. 80, No. 3977, Apr. 25, 1969, p. 935. 

% Johnston, C. E., John J. Seerly, and A. B. 
Short. Transport Considerations for Underground 
Operations Over 100,000 TPD. Min. Cong. J., v. 
55, No. 4, April 1969, p. 87. 

57 Shinskey, F. G. How To Control Product 
Dryness—A New System. Miner. Processing, v. 10, 
No. 4, April 1969, pp. 10-14. 

58 Land. Norman S. A Feasibility Study of a 
Technique for Sorting Particles by Shape. Mater- 
ials Research and Standards, v. 9, No. 6, June 
1969, pp. 26-29. 

McCorkel, Franklin M. Economic Dust Col. 
lection for Aggregate. Rock Prod., v. 72, No. 9, 
September 1969, pp 74—76. 
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Table 2.—Stone shipped or used by producers in the United States, by States 
(Thousand short tons and thousand dollars) 


1968 1969 
State —— a  — k 
Quantity Value Quantity Value 
Alabama. pH 20,643 $33,847 19,854 337,512 
//ͤ;o0ͥ AA See W W 1,954 8,902 
ATIZONG 22 EE Uu 22 8,293 6,289 2,827 5,812 
Ann! 8 16,322 22, 256 16,468 28,184 
anf 8 86,125 52,671 88,088 57,757 
Seeds,... 88 2,471 5,201 2,245 5,079 
Connecticut... 2L rr 6,883 12,729 7,562 15,325 
64„ẽ bcd ku 200 50) ———— SS 
Peri, ee eo ae 86,692 46,563 1 42,882 156,611 
Ën EE 26,903 56,177 27, 755 59 , 451 
Hawail occ ; uz 8 5,211 11,278 6,584 16,059 
IGI ID ²˙¹¹¹i¹ MO MEC ea 2,195 5,209 8,750 ,42 
TIN MOG 220 6 oe ON en Us 88 55, 858 80,188 54,857 81,318 
KIT TEE 26,807 46, 790 25, 559 45, 400 
VOWS ooo ee ⁰⁰ ¼ . a a sc 26,150 40,397 26,283 40,895 
r oumeuodiik tea ue pa ceo r 14,872 r 20,650 15,828 22,645 
Kentucky. o ---------------------------- 80,105 43,266 1 80,158 1 44,644 
Louisiana iii 9,387 11,785 9,287 11,892 
Maine: E 1,187 8,205 1,101 8,798 
Maryland: EE 13,344 26,606 15,067 80,504 
Massachusetts 6,917 19, 501 7,847 22, 521 
Meir 8 37,279 41,092 39, 186 48,572 
Hure 88 4,427 13,045 5,085 14,258 
poate E 747 833 
LN e BEE r 38,988 r 58,743 41,977 63,251 
Mort ⁵ 8 3,314 4, 878 „667 10, 579 
Nebraska... ³ꝛ macie 4,416 7,485 4,665 9,494 
Nevada: ß ee E e ep EL 1,325 2,041 1,494 2,488 
New Hampshire) 383 8,877 820 2,888 
New Jersey.. .-----.--------------------- 18,151 30,343 15,162 84,084 
ew Mexico_._.-.-..-----------...------ 2,226 8,527 2,826 9,286 
New erk! 35, 441 63, 510 37, 561 66,839 
North Carolina 24,543 42 ,429 26 ,812 47,829 
North Dakota. .........................- 65 326 
1717.7. pp E A E ETENE 1 48,054 178,772 51,792 86,570 
Oklahoma. ...............-.-.--..-.-.-.- 17,290 21,950 18,799 23,650 
e ß ALME ES 14,312 21,168 11,662 18,897 
Pennsylvania... ------------------------ 62,812 108,151 66,992 117,726 
Rhode Island. ..........................- w W W 1,417 
South Ceroling ------------------------ 8,942 13,717 8,846 18 , 506 
South Dakota ` ........................- 1,860 9,687 2,092 10,839 
Tennessee 132, 083 143, 854 33, 265 46,192 
dioc T" cT 48,480 58,006 46,638 64,986 
EISE , 953 4,812 2,582 4,484 
Ü ⁰§i“ui ⁰¹ d 2, 536 21,401 2,151 19,810 
öĩà⁊IILd(1(; y 8 31,217 53,533 33 , 461 58,718 
Washington 14,831 16, 690 15,742 21,069 
West Virginia Il 9,011 16,789 9,031 15, 801 
Wisconsin... e 17, 000 25, 223 18,954 27,571 
Womn nnn eee 1,434 2,754 1,584 8,012 
Uodistributed ---_- ee 1,811 r 5,272 1,381 1,260 
Otel EE r 819,597 r1,317,911 862 ,895 1,424,694 
Pacific island possessions. . ................ 653 1,209 717 , 552 
Panama Canal Zone 106 290 74 231 
Puerto Rico______ ß ee 7,367 13,580 6,985 13,550 
Virgin Islands... ------------------------ 366 1,555 411 1,682 


å r 5 W Withheld to avoid disclosing individual company confidential data; included with Un- 
istributed.”’ 

1To avoid disclosing individual company data, certain State totals are incomplete, the portion not included 
being combined with Undistributed.“ The class of stone omitted from such State totals is noted in the sum- 
mary chapter of this volume. 

2 Data may not add to totals shown because of independent rounding. 
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Table 4.—Dimension stone shipped or used by producers in the United States 


in 1969, by use and kind of stone 


Kind of stone and use 


Short tons Cubic feet 


GRANITE 


Monumental .----------------- 
Uses not specified 22 
Dressed: 


LIMESTONE AND DOLOMITE 
Rough: 
Architectural 

Construction . 

Flaggingn gz 

Other rough stone 
Dressed: 


MARBLE 
Rough: 
Architectural 


Other rough stone. ---.------------ 
Dressed: 


Construction....................- 
Monumental....................- 


SANDSTONE, QUARTZ, AND QUARTZITE 
Rough: 
Architectural. ..................- 
Construction 111i. 
Flagging 1h0ꝑ᷑ 2... ...- 
Other rough stone 
Dressed: 


House stone venee r.. 
Flagging 1 
Other uses not listed or unspecified. . _ _ - 


Roofing slate......................... 


Millstock: 
Electrical.......................- 
Structural and sanitary... ........- 
Blackboards, ete 
Billiard table tops. ...............- 


Flagging.....222:-2..--92222622 
Miscellaneous uses ))) 


Other uses not listed or unspecified. - - - _ 


See footnotes at end of table. 


(Thousands) 


1968 


7,352 


164 
256 
56 


L, 214 


477 


r 525 


Value 


10,442 
W 


831 
1,251 


143 
43,096 


16,278 


116 


14,166 


E 


1969 


Short tons Cubic feet 


826 
2,155 
50 


280 
100 


Value 


588 


7,981 
1,407 


3,468 


12,789 


154 


48 


2, 884 


258 


10,679 


8,008 
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Table 4.—Dimension stone shipped or used by producers in the United States 
in 1969, by use and kind of stone—Continued 
(Thousands) 


1968 1969 


Kind of stone and use EE 
Short tons Cubic feet Value Short tons Cubic feet Value 


OTHER STONE ^ 


Rough: 
Architectural W W W 9 111 $86 
Construction 1. 25 200 25 2, 369  ?$ $3,697 39 469 484 
Other rough stone.  ---- (26) 7 21 

Dressed: 
G/§ö;¹'d laic cx e S Leda niue W W W 272 27 22 W 
House stone venee r. W W W (6) 10 24 
Copnstruetion. Lll... w w w 28 5 62 W 
FlaggIinpg ———— À——— —— o 6 65 107 8 86 141 
Other uses not listed 2. 4 51 ) ͤ ete 

Ke A 2 Zuzana r 210 r 2,486 r 3,855 65 767 302,682 
TOTAL STONE 

Rough: | 
Architectural. .... 2. 2.2.2 376 4,441 8,348 300 3,570 6,257 
Construction 111. r 449 r 5,590 r 3,267 356 4,337 4,361 
Monumental 190 2,198 11,442 201 2,158 12, 343 
FPFCFCõõĩ]viͤuu i h y eeben ee 37 419 886 
Other rough stone 18 217 134 32 13 32 158 32 133 

Dressed: 
[Ou Lm REED KREIS 262 3,391 30,599 220 2,845 29,122 
SS sos cA RI eee 130 r1,640 6,346 118 1,515 6,822 
House stone veneer............... 145 1,861 5,581 118 1,476 4,910 
Construction 29 364 1,474 30 371 1,383 
Roofing (elatei WO: 425255 2,006 3316 | ...... 33 1,698 
Millstock (slate 19 T 3,057 2] ·˙ 2 a 3,600 
Monumental .............-..- r 60 r669 r13,210 64 739 13,348 
i S ue ined es r 169 2,049 5,178 191 1,996 5,741 
lagging 2-2. sus ug ele 108 1,396 3,452 81 494 2,539 
Paving block W W W 6 67 161 

Miscellaneous use (slate)... ............ d gosts 9:008. . usi. otai Bees 

Uses not listed or unspecified . r 13 r 150 r 1,340 98 390 5,742 

Tota öĩ[.65ẽt: m RECENTES r 2,060 r 23,967 1 98,441 1,873 20,535 98,647 


r Revised. W Withheld to avoid disclosing individual company confidential data. 

! Includes irregularly shaped stone and rubble. 

? Includes minor amount of flagging and other rough stone. 

3 Less than 1, unit; included with house stone veneer. 

4 Includes small amount of other uses not listed. 

$ 1968 data include stone for precision plates. 

6 Less than 12 unit. 

7 Includes paving blocks, refractory blocks, minor amounts of flagging, and unspecified uses. 

Data may not add to totals shown because of independent rounding. 

9 Comparable data not available in 1968; 1969 data include small amounts of monumental and other rough 
stone. 

19 To avoid disclosing confidential data, figure shown includes value data for other uses not listed. 

!! Data combined to avoid disclosing confidential data. 

12 Data include curbing, flagging, and uses not listed or unspecified. 

13 Comparable data not available in 1968. 1969 quantity data include small amounts of other rough stone- 

4 1968 data include stone for refractory blocks. 

1$ Includes dressed stone used for construction. 

16 Includes stone for curbing. 

7 Includes stone used for monumental purposes. 

18 To avoid disclosing confidential data, figure shown includes value data for flagging and other rough stone. 

1" With the exception of the data on roofing slate, which are given in thousand squares, data are reported in 
thousand square feet. 

20 Includes minor amount of house stone veneer. 

*! Includes slate used for electrical purposes. 

?? [Includes slate used for walkways and stepping stones. 

E Includes slate used for aquarium bottoms, buildings, fireplaces, flooring, headstones, shims, and billiard 
table tops. 

21 Produced by the following States in 1969 in order of value of output and with number of quarries: Vir- 
ginia (8); Maryland (5); California (30); Hawaii (4); Pennsylvania (4); New Jersey (1); Oregon (2); Arizona 
(1); New Mexico (1); and Washington (2). 

25 Revised figure; data include stone used for architectural work and cut and sawed stone. 

26 Less than 12 unit; includes a minor amount of rough stone used for flagging. 

27 Includes sa wed stone. 

28 Includes stone used for structural and sanitary purposes. 

29 1968 data include stone used for house stone veneer and construction. 

30 To avoid disclosing confidential data, figure shown includes value data for construction and cut and 
sawed stone. 

31 Comparable data not available in 1968. 

33 Includes data for unspecified uses of rough stone. 

33 Includes a minor amount of slate used for house stone veneer. 

4 1968 data include paving blocks, refractory blocks, and slate used for aquarium bottoms, buildings, fire- 
places, flooring, headstones, shims, and unspecified uses. 1969 data include stone used for structural and sanl- 
tary purposes. 
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Table 5.-Granite (dimension stone) shipped or used by producers in the United States 
in 1969, by States 


Value Value 

State Active Short (thou- State Active Short (thou- 

quarries tons sands) quarries tons sands) 

California 8 5,748 $593 South Carolina 5 11,814 $470 

Connecticut. ttt 4 2,855 73 South Dakota............ 7 44,121 7,620 

Georgia 29 200, 028 6,100 Wisconsin 9 7,018 2, 126 

Minnesota 15 21.994 5,287 Other States 111 53 382,078 20,511 
Missourt ------------ 1 1,779 288 — -n—A 

New Medien... 1 120 17 Total? QL pusa, 142 691,744 44,858 

Oklahoma 9 12,199 1,274 Puerto Rico 3 16, 200 49 

Rhode Island. ........... 1 2,000 500 


! [Includes quarries in Colorado (3), Maine (7), Massachusetts (8), New Hampshire (2), New York (4), North 
Carolina (13), Pennsylvania (2), Texas (3), Vermont (8), and Washington (3). 
? Data may not add to totals shown because of independent rounding. 


Table 6.—Limestone and dolomite (dimension stone) shipped or used by producers 
in the United States in 1969, by States 


Value Value 
State Active Short (thou- State Active Short (thou- 
quarries tons sands) quarries tons sands) 
California 2 25,837 W New Mexico 1 30 W 
IIIino is 3 12, 137 $141 Onio 88 4 8,085 $85 
Indians 8 32 357,321 11,285 Oklahoma..............- 3 1,550 23 
egen, Ce eer 5 13,495 255 Wa_isconsin_____ 36 71,296 1,421 
Kansas 7 18,907 391 Other States 2 15 38,490 1,887 
Michigan 4 „242 59 —Qz 
Minnesota 5 17,636 1, 624 Total 3 121 574, 324 17, 256 
Missouri. 3 2,698 69 Puerto Rioeoo 11 101,200 292 
Nebraska. 1 2,600 16 


W Withheld to avoid disclosing individual company confidential data; included with Other States.“ 

1 Count may be duplicated for quarries that produce more than one kind of stone. 

? Includes quarries in Alabama (1), Colorado (2), Florida (1), New York (1), Rhode Island (1), Texas (5), 
Utah (1), and Virginia (3). 

3 Data may not add to totals shown because of independent rounding. 


Table 7.—Sandstone, quartz, and quartzite, (dimension stone) shipped or used by 
producers in the United States in 1969, by States 


Value Value 

State Active Short (thou- State Active Short (thou- 

quarries! tons sands) quarries! tons sands) 

Arizona- .--------------- 26 10,792 $180 Pennsylvania 80 60,668 $1,489 

Arkansas 4 9,381 323 South Dakota 2 112 W 

Coloradoo 28 11, 830 205 Tennessee 6 9,672 425 

Indiana 4 6,962 193: Utäh- L l L 5 1,727 54 

Maryland... .........-.- 5 17,464 308 Virginia_.....-..-------- 8 w 61 

Michigan 1 1,000 10 Wisconsin... ............- 7 2,198 46 

Montana...............- 1 10 (2) Wyoming 1 400 14 

New York 11 34,937 1,739 Other States 2222 29 50, 050 1,456 
11 Quay 29 93,856 4,476 — " v  —— T [— 

Oregon 1 311 W Totalt- us 198 811,370 10,979 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 

1 Count may be duplicated for quarries that produce more than one kind oí stone. 

2 Less than 1⁄ unit. . 

3 Includes quarries in California (6), Connecticut (3), Georgia (2), Kansas (1), Massachusetts (2), Minne- 
sota (1), Missouri (2), New Jersey (2), New Mexico (5), North Carolina (1), Texas (1), Washington (2), and 
West Virginia (1). : 

1 Data may not add to totals shown because of independent rounding. 
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Table 8.—Crushed and broken stone shipped or used by producers in the United States 
in 1969, by kind of stone and use 


(Thousand short tons and thousand dollars) 


1968 . 1969 
Kind of stone and use — r TU 
Quantity Value Quantity Value 
CALCAREOUS MARL 1 
Agricultural purposes 2. ___ 186 $150 141 $124 
Surface treatment aggregate s. 8 2 
Cement manufacture z 1,025 1,016 2,946 2,391 
rr AA 1.211 1,166 2,490 2,516 
GRANITE 

Agricultural purposes . 105 994 68 486 
Concrete aggregate (coarse) ee 8,151 12,358 12,953 19,278 
Bituminous aggreggate ---------------- 7,940 12,793 6,847 11,375 
Macadam aggregate s. 2,171 3,087 2,208 8,680 

Dense-graded road-base stone 37, 756 56,334 34, 428 54, 429 
Surface treatment aggrega tes 4, 875 6,224 4,124 6,605 
Unspecified construction aggregate and road- 

Ee (8) (6) 6,581 8,016 
Riprap and jetty atone 2,351 4,938 2,587 à 
Railroad ballasn ------------ 3,244 4,322 8,582 4,960 
Filter n ðᷣ sees oo ca ces 94 159 108 206 
Manufactured fine aggregate (stone sand) 7. 1,153 1,120 668 794 
Special uses and products... ............... .. 250 W 
J!! ³˙˙w-m ( ⁵ĩ eee ees, 136 123 
Gier., 8 $1,806 $2,614 9 754 * 1,492 
Uses not listed or unspecified... .......... 1 299 W 113 

OCG *2U.2 532 54225es ⁵³ A oldu 69 , 830 105,236 75,189 116,102 

LIMESTONE AND DOLOMITE 

Agricultural purposes 5. r 38, 402 r 69, 033 35,011 62, 805 
Concrete aggregate (coarse) a le ete cu as r 102,665 r 146,018 89,501 139,685 
Bituminous aggregate....................- r 48,951 r 65, 945 46, 429 70, 285 
Macadam aggregate s.. r 30, 047 r 42, 570 28 , 422 94,730 
Dense-graded road-base stone r 148,015 r 186,395 142,271 188,966 
Surface treatment aggregates r 47,064 r 66,799 88,808 55, 884 
Unspecified construction aggregate and road- 

BLODO:S. o2 ccs SD ³ Au ae 8 (5) (°) 58,641 78,680 
Riprap and jetty stone 12,934 16,799 11,639 15,091 
Railroad ballast.........................- 5,721 7,974 6,178 7,982 
Fifter tn.. eT xS 486 913 686 1,382 
Manufactured fine ene ue (stone sand)... 8,203 5,204 2,815 4,758 
Terrazzo and exposed aggregate 139 825 164 984 
Cement manufacture“ 97,778 104,682 97,682 108,992 
Lime manufacture r 27,880 r 50, 880 29, 565 53, 248 
Dead-burned dolomite. .....-.------------ r 8,168 r 5,019 2,985 4,626 
, ß melle Nn 148 202 
// COT c r 28,262 r 43,254 80,360 45,678 
Biete nenn aeS r 467 r 1,255 419 ,028 
Chemical stone for alkali works 2,520 3,705 8,273 5,641 
Special uses and products 18... 8,531 20,092 8,373 21,539 
jl eL k ⁵ĩ³ 8 W 2,739 1,885 
%0%00OÜ0³ MER MEER W 992 3,133 
Other uses iIlIIIlIIlc . LLL LLL lll. r 6,749 r 11,427 3, 680 6,454 
Uses not listed or unspecified... ........... r 5,659 r 9,677 2,707 6,276 

Totali K 8 r 603,136 r 857, 361 628,362 919,928 
MARBLE 
Agricultural purposes $5. |... . 424 1,318 W W 
Concrete aggregate (coarse )) 
Macadam aggregate 12 795 1? 1,904 
Dense-graded road-base stone.............. 
Surface treatment aggregates... ........... ] 
Unspecified construction aggregate and road- 

SLOBGO. i occ eee e ca c anre tus (°) (6) 12 798 12 5, 209 
Riprap and jetty stone W W 
III ³ÜWü¹ ..... 8 “kets whee 
Manufactured fine aggregate (stone sand) W 
Terazzo and exposed aggregate 201 8,349 
Cement manufacture___..........-.------- 13 31 13 171 w w 
Special uses and products. ................- 10 951 19 10,641 $1,378 515,678 
Other use ss ool ees 8 29 s $86 14 64 14 679 
Uses not listed or unspecified. .. ---------- 39 442 36 434 

P/ ⁵³ĩ¹1wm A eee 2,470 18,206 2,271 22, 000 


See footnotes at end of table. 
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Table 8.—Crushed and broken stone shipped or used by producers in the United States 


in 1969, by kind of stone and use—Continued 
(Thousand short tons and thousand dollars) 


: 1968 1969 
Kind of stone and use 
Quantity Value Quantity Value 
SANDSTONE, QUARTZ, AND QUARTZITE u 

Concrete aggregate (coarse)...............- 4,110 $7,605 2,818 $ 4,689 
Bituminous aggregate....................- 2,859 ,958 2,586 5,109 
Macadam a COG A 961 1,007 858 580 
De ded road-base stone 9,497 14,029 8,708 12,722 
Surface treatment a gates 1,042 2,062 711 1,279 
Unspecified construction aggregate and road- 

1121 c (8) (6 3,006 5,716 
Riprap and jetty stone 2,856 4,227 ,048 4,780 
Railroad ballast ...........-.------------- 1,269 1,782 1,282 885 
Filter stone 140 272 87 98 
Manufactured fine aggregate (stone sand) 840 698 250 509 
Terrazzo and exposed aggregate 56 1,095 71 1,240 
Cement manufacture. _.....---...-.------- 672 1,081 994 1,244 
Rerrosifieon. 808 1,620 16 254 14 1,172 

UX EE 818 2,962 896 8,574 
Refractory... TO 682 5,811 718 4,587 
Special uses and products.................. 10 59 10 866 68 445 
Other sees ee Eeer 792 2,101 1,849 8,865 
Uses not listed or unspecified. . ........... 292 810 102 899 

TOUR A ls ˙·¹1⁰A»ͥ T 26,698 52,882 27,145 53,298 

LL 

Agricultural p FFF 286 2,878 
Concrete aggregate (coarse ) 6,830 8,313 18 7,089 18 8,916 
Dense-graded road-base stone 5,835 7,592 5,325 7,506 
Cement manufacture 19 5, 520 19 7, 807 5,169 7,146 
Lime manufacture W W 20 2,149 20 4, 865 
Other uses not liste... 31 1,847 31 2,474 

TOUtBl EEN 20,268 28,563 19,781 27,938 

TRAPROCK i 

Concrete aggregate (coarse d 11,447 22,480 8,948 18,882 
Bituminous aggregate 10,651 20,240 10,999 622 
Macadam aggregates... ..................- 2,869 5,10 2,966 4,087 
Dense-graded road-base stone 20 , 467 85,481 18,190 81,576 
Surface treatment a CCC uy 7,755 12,512 8,488 226 
Unspecified construction aggregate and road- 

PFC ⁰²˙“ꝛ¹rAA¹˙ A A EA (6) (°) 20,701 88,828 
Riprap and jetty stone 2,552 5,655 2,608 5,071 
Railroad ballast.. .......................- 1,400 2,212 1,350 2,119 
LEE geen 6 114 104 195 
Manufactured fine aggregate (stone sand)... 151 874 91 818 
Special uses and products 1b 147 806 138 812 
Ill! ³ ³ W n 5,534 13 8,821 
Oer ³ĩðVÄĩ½ ⁰ nerean 5 5, 564 8 7,518 W 
Uses not listed or unspecified... .......... 10,029 12,748 W 

TOCA So oot m 88 33 73,099 33 124, 749 78,901 142,860 

OTHER STONE 

Concrete aggregate (coarse)................ 8 1,576 787 1.478 
Bituminous aggregate -.----------------- 2, 564 4,329 2,770 4,818 
Macadam aggregatee ss. 264 36 215 809 
Dense-graded road-base stone. ............. 7,669 9,370 6,281 7,566 
Surface treatment aggregates... ..........- 606 832 469 567 
Unspecified construction aggregate and road- 

EE (6) (8) *4 7,088 % 9,856 
Riprap and jetty stone]!n d 1,665 2,980 8,962 5,721 
Railroad ballast 22 - 1,221 869 3$ 1,654 3$ 1,270 
Special uses and products . 26 411 26 839 
1ͤõ]³¹˙ ⅛ð d y z DL es m 1,659 W 
Other uses 2. 273,900 27 5,187 524 28 4, 881 
Uses not listed or unspecified. _ U ` 1,008 1,176 W 

I/ ³⁰ðVꝗq r 19, 704 r 26,684 25, 766 87,901 


See footnotes at end of table. 
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Table 8.—Crushed and broken stone shipped or used by producers in the United States 
| in 1969, by kind of stone and use—Continued 


(Thousand short tons and thousand dollars) 


1968 1969 
Kind of stone and use — F -ͤᷣ . ——vg᷑5' 
Quantity Value Quantity Value 
I TOTAL STONE 

Agricultural purposes . r 89,364 r $73,897 35, 881 $67 , 066 
Concrete aggregate (coarse )) r 134, 730 r 199,820 120, 805 191,872 
Bituminous aggregate r 67,964 r 108,660 69,580 113,205 
Macadam aggregates AE A OPAN EE r 96,312 r 52,137 28,570 ` 48 ,337 
Dense-graded road-base stone 224,309 309,608 215,258 302,861 
Surface treatment aggregates r 61,350 r 88,451 52,692 76,692 
Unspecified construction aggregate and road- 

r 8 (6) (6) 90,949 140,539 
Riprap and jetty stone 23,154 35,619 23,334 35,222 
Railroad ballas tt .Vz 12, 855 16, 559 13,841 18,091 
Filter neee c) me 1,318 2,191 975 1,926 
Manufactured fine aggregate (stone sand) 4,958 7,587 3,899 6, 684 
Terrazzo and exposed aggregate 406 5,346 555 6,219 
Cement manufacture 104,093 113,518 106,186 119,870 
Lime manufacture r 28,375 r 51,597 31, 591 55, 571 
Dead-burned dolomite. ---.---------------- r 3,168 r 5,019 2,995 5,016 
Ferrosilicſtoů nn 303 1, 620 34 984 

jp OM OMEN y ß r 29,081 r 46,217 81,257 49,247 
Fre K ĩð S UL r 1,099 r 6, 566 1,186 5,615 
Chemical stone for alkali works. 2,890 4,215 8,273 5,641 
Special uses and produeta . 19 4,951 19 32, 008 5,032 37, 560 
I!!!!!üü y aca e W W 8,470 6,008 
Glass oot y a W W 1,313 4,565 
Other uses 2 r 19,648 r 33,677 8,069 22, 639 
Uses not listed or unspecified... ......... - 17,211 25,157 5,018 9,617 

EE r 817,537 r1,219,469 861,021 1,826, 047 


r Revised. W Withheld to avoid disclosing individual company confidential data. 

1 Produced by the following States in 1969, in order of tonnage: South Carolina, Mississippi, Virginia, Texas, 
Michigan, Indiana, Minnesota, and Nevada. 

2 Includes marl used in agricultural limestone, other soil conditioners and nutrients, and a small amount 
of marl used in mineral fillers, or extenders. 

31969 data include small amount of fill. 

Data may not add to totals shown because of independent rounding. 
i 5 duce agricultural limestone, agricultural marl and other soil conditioners, and poultry grit and mineral 
ood. 

6 Comparable data not available for 1968. 

71969 data include terrazzo and exposed aggregates. 

8 1968 data include some stone used for fill, roofing aggregates, dam construction, and other uses in smaller 
quantities. 

9 To avoid disclosing confidential data, includes quantity data for uses not listed or unspecified and value 
data for special uses and products. 

10 Includes stone used for asphalt filler, other fillers or extenders, and other uses in smaller quantities. 

111969 data include some stone used for roofing aggregates, dam construction, and other uses in smaller 
quantities. 1968 data also include stone used for glass and fill. 

12 Data combined to avoid disclosing confidential data. 

13 Includes stone sand and a small amount of riprap and jetty stone. 

4 Data include cement. 

16 Includes ground sandstone, quartz, and quartzite. Friable sandstone is reported in the chapter on sand 
and gravel. 

16 Includes small amount of dead-burned dolomite. 

17 Includes stone used for agricultural purposes, dam construction, roofing aggregates, fill, glass, and other 
uses in smaller quantities. 

18 Includes asphalt filler and uses not specified. 

19 Includes data for lime manufacture. 

?0 Includes e een purposes. 

21 Data include stone for alkali works, asphalt filler, filter stone, riprap and jetty stone. 

22 To avoid disclosing confidential data, figure includes data for uses not listed and quantity data for other 


8. 
23 Includes filter stone, stone sand, terrazzo, flux and stone used in cement manufacture. 
% Includes cement and a small amount of flux stone. 
25 Includes filter stone, manufactured fine aggregate, and a small amount of terrazzo and exposed aggregate. 
26 Includes agricultural limestone and uses not listed or unspecified. 
27 Revised 1968 data includes filter stone, stone sand, terrazzo, flux and stone used in cement manufacture. 
28 To avoid disclosing confidential data, figure includes value data for fill. " 
29 Data includes roofing aggregates, dam construction, expanded slate, and other uses in smaller quantities. 
Revised 1968 data also include stone used for fill and glass. 
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Table 9.—Number and production of crushed-stone quarries in the United States, 


Annual production 


(short tons) We 
o 

quarries 
Less than 25,000. .......... 1,681 
25,000 to 49,999 ... 593 
50,000 to 74,999 338 
75, 000 to 99,999 273 
100,000 to 199,999 587 
200, 000 to 299 999 scs 315 
300, 000 to 399, 999 5 211 
400, 000 to 499,999 „ 153 
500,000 to 599,999 82 
600,000 to 699,999. 14 
100,000 to 799,999 64 
800,000 to 899 ,999_________ 44 
900,000 and over 159 
Tot! 4, 574 

r Revised. 


by size of operation 


1 Data may not add to totals shown because of independent rounding. 
? 1968 data do not include slate operations. 


Table 10.—Crushed stone shipped or used in the United States, by methods 


Method of transportation 


r Revised. 


of transportation 


1968 

Thousand Percent Thousand 
short tons of total short tons 

r 567, 256 69 616,745 

r 89,414 11 97,107 

72,930 9 75,343 

45, 527 6 39, 768 

42,410 5 82,059 

r 817,537 100 861,021 


! Data may not add to totals shown because of independent rounding. | 


1969 


1968 r 1969 
Production Production 
Number 

Thousand Percent of Thousand Percent 

short tons of total quarries short tons of total 
14,867 1.8 1,753 15,354 1.8 
20,935 2.6 606 22,397 2.6 
20,913 2.6 334 20,611 2.4 
23,466 2.9 265 22,639 2.6 
83,782 10.3 636 89,328 10.4 
77,813 9.5 267 65,641 7.6 
71,656 8.8 239 82,661 9.6 
67,785 8.3 163 13,236 8.5 
44,378 5.4 84 45,517 5.3 
48,001 5.9 78 50,639 5.9 
47, 530 5.8 74 55,109 6.4 
37,169 4.6 40 83,709 8.9 
258, 123 31.6 172 284,182 83.0 
? 816,417 100.0 4,' 111 861,021 100.0 


Percent 
of total - 


72 
11 


100 


Table 11.—Granite (crushed and broken stone) shipped or used by producers in the 
United States in 1969, by States 


(Thousand short tons and thousand dollars) 


State Quantity 
AT88KR2 22 Sos ou eiie 416 
Arizona. __.....-_-_--.------ 1 
Arkansaas. ..-.--------------- 4,920 
California 3, 582 
Georgia EE 20,249 
dag. (( 8 2,201 
Massachusetts 1,374 
Minnesota _---------------- 662 
Montana .. . 4 
Nevada `. _------------------ 111 
New Jersey 1,903 


Value State Quantity 

W New Mexico 

$1 North Carolina 18,857 

6,093 South Carolina 6,668 

4,928 Vireinia. ------------------- 9,193 

29,476 Washington 828 

Wyoming f. u ee 1,218 

2,440 Wyoming 534 

1,125 Other States 11 2,959 

6 

111 Total 88 Sa Su ruta 75, Dë 

3,918 Puerto Rio 


Value 


9,914 


116, 102 
542 


W Withheld to avoid disclosing individual company confidential data; included with SSC States.” 
1Includes Colorado, Connecticut, Maine, Maryland, Michigan, Missouri, New EES New York, 


Pennsylvania, Texas, and Vermont. 


2 Data may not add to totals shown because of independent rounding. 


Tble 12.—Traprock (crushed and broken stone) shipped or used by producers 
in the United States in 1969, by States 
(Thousand short tons and thousand dollars) 


State Quantity 
Arien. 28 
California... ---------------- 2,207 
Colorado 
Connecticut 6,972 

OWE ode ck mec 4,920 
Ar ⁵ĩð Rex 896 
Maryland... -.--------------- 4,482 
Massachusetts 4, 594 
Minnesota 90 
New Jersey 12, 336 
New Mexico 340 
North Carolina 3, 502 


Value 


5, 653 


State Quantity 

Oregon. Su. uy eek eee 10,825 
Pennsylvania 8,64 
South Dakota 
Vüigin ien ewe a nena 4,665 
Washington 14, 440 

Other States 11. 4,874 

TOA EE 78,901 
Panama Canal Zone 74 
Virgin Island 411 
Pacific island possessions... _ _ _ 9 


Value 
517.297 
03 


8 
8.556 


17,637 
10,763 


142,860 
291 


1,682 
62 


W Withheld to avoid disclosing individual company confidential data; included with “Other States." 


1 Includes Alaska, Michigan, Missouri, Montana, New York, Texas, Wisconsin, and Wyoming. 


? Data may not add to totals shown because of independent Tounding. 
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Table 14. Shell shipped or used by 
producers in the United States in 1969, 
by States 


(Thousand short tons and thousand dollars) 


State Quantity Value 

Florida u c uc uyasapa ns 1,603 $2,986 
Louisiana.................- 237 11,892 
CCC ⁵ĩͤ seid 7,177 8,558 
Other States 144 1.714 4,498 
Total E 19,731 27,933 


1 Includes Alabama, California, Maryland, Penn- 
sylvania, and Virginia. 
? Data may not add to totals shown because of in- 
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Table 15.—Calcareous marl shipped or 
used by producers in the United States 
in 1969, by States 


(Thousand short tons and thousand dollars) 


State Quantity Value 

Indisnaü-- ce ERIT 82 $30 
Michigan. ................- 99 86 
Other States)... 2,359 2,401 
ot! 2,490 2,516 


! Includes Minnesota, Mississippi, Nevada, South 
Carolina, Texas, and Virginia. 

? Data may not add to totals shown because of in- 
dependent rounding. 


dependent rounding. 


Table 16.—Sandstone, quartz, and quartzite (crushed and broken stone) shipped or 
used by producers in the United States in 1969, by States 


(Thousand short tons and thousand dollars) 


State Quantity Value State Quantity Value 

Aton sss 8 427 $1,389 Oklahoma..................- 474 $712 
Arkansas. ------------------- 5,758 R Oregoti...—— ee eee 819 678 
California 4,225 8,297 Pennsylvania 4, 108 9,066 
Colorado 169 390 South Dakota 1,055 2,001 
Illinois (2) 8 Texas..---------------------- 1,945 3,175 
Indigna; 2-42 E 6 / ] u u 8 W 437 
Kansas.. 8 382 W Virginia EE 741 1,226 
Kentucky. e W 156 Washington 185 1,229 
Montana 150 W West Virginia 626 1,471 
Nevada. ---------------- 96 96 Other States 2 4,862 11,731 
New York 449 1,011 

North Carolina 72 W Total 22 5 27,145 53,293 
G uem ocd ibtd ee 1,0965 2,889 


W Withheld to avoid disclosing individual company confidential data; included with “Other States." 

1 Less than Le unit. 

? Includes Alabama, Connecticut, Georgia, Idaho, Maryland, Minnesota, Missouri, New Hampshire, New 
Mexico, Tennessee, and Wisconsin. 

3 Data may not add to totals shown because of independent rounding. 


Table 17.—Miscellaneous varieties of stone (crushed and broken) shipped or used 
by producers in the United States in 1969, by States 


(Thousand short tons and thousand dollars) 


State Quantity Value State Quantity Value 
AK 8 1,503 W North Dakota .  - 72 $99 
rer. TSS ee eins 6 $28 Oklahoma................... 1,441 1,019 
California 9,355 14,092 Oregon 63 
Colorado. ------------------- 56 151 Pennsylvania... 2,057 2,842 
Ir] ]⁰Ü¹Ü ³˙ K mes 422 559 Wyoming 209 324 
Tiaho- 33.3 a eres 1 14 Other States iii 9,032 17,531 
Massachusetts 1,071 w — 
Missouri 56 113 Tc sm x 25,766 37,301 
New Mexieo. ---------------- 421 534 Puerto Rico. o 1,272 2,962 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.“ 

1Includes Kansas, Louisiana, Maine, Maryland, Montana, Nevada, New Hampshire, New Jersey, New 
York, Rhode Island, South Dakota, Texas, Utah, Vermont, Virginia, and Washington. 

? Data may not add to totals shown because of independent rounding. 


Table 18.—U.S. exports of stone 
(Thousand short tons and thousand dollars) 


Building and monumental stone Crushed, ground, or broken Other 

—. manu- 
Year Dolomite Other Limestone Other factures 
(value) of stone 

Quantity Value Quantity Value Quantity Value (value) 

199 8 113 $1,756 $958 1,159 $3,496 306 $3,743 $1,203 
1968999 102 1,518 849 1,297 8,294 292 3,278 1,030 
1969 8 93 1,809 868 1,382 8,189 284 8,569 793 
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Table 19.—U.S. imports for consumption of stone and whiting, by classes 


QK U!HIOII%£KÇIHÉI$Ú,HIVeI<,I$€£éIÉIIKÍII£II€çI<Yç£ ÍÇI<I@IŠII£ÍIŠ££IëŠIƏIIIKIZ€<ŠKŠŠšT£ËÍI,III€I£€Š€ŠI@OIIIQISSIIIIKIHIƏIIIT£CI€IIKIII€I IIXIII—IIGIIAIHIIum aa m armrrrrraraasssarsaasxsraaananmmanmanamantumunmanmamanamanmananaaunanmanaamananauunqamamamananapan, 


1968 1969 
Class Quantity Value Quantity Value 
(thousands) (thousands) 
Granite: 
Monumental, paving and building stone: 
Rough... . .  -___- cubic feet 252,023 $1,088 178,442 $1,095 
Dressed, manufactured do.... 406,042 8,115 366,224 4, 025 
Not manufactured and not suitable for 
monumental, paving or building stone 
short tons 788 18 755 25 
Other, as kk aaa T3 — 77 
CC ²˙r¹.Ü.ũ. ͥ ⁰ ·1w]1ꝛ Edel. GZ s 4,2911 5,222 
Marble, breccia, and onyx: 
In block, rough or squared. . cubic feet. 33, 537 288 88,688 833 
Sawed or dressed over 2 inches thiek 
do.... 8,951 82 8,416 88 
Slabs and paving tiles 
superficial feet. 8,395,719 6,706 7,608,162 6,878 
All other manufactures .. 4,168  .  ) )...... 5,214 
% EES 11,284 . |  ...... 12,468 
Travertine stone: 
Rough, unmanufactured. . . .cubic feet. 43,793 129 80,008 83 
Dressed, suitable for monumental, paving 
and building stone short tons 40, 858 r 1,405 47,398 2,169 
Other a p fu u l llu ma w Ous 68 P š `------ 51 
16X»»»»»»»»„b„„„w˖ꝛ 8 1 1,6yũ ò | ....... 2, 803 
Limestone: 
Monumental, paving, and building stone: 
Rough. __. 22-8 cubic feet. 4,636 8 1,200 2 
Dressed, manufactured short tons 6,809 85 426 26 
Crude, not suitable for monumental, pav- 
ing, or building stone short tons 20,911 68 19,752 72 
Other.n.8 f A300 See 55 
C ³˙ ⁰⁰ A ` Ju a 153444 155 
Slate: 
Roofng. square feet. 2,826 1 15,520 5 
Other n p EE 2,10 2, 876 
Quoc EE THEE 2,131 .....-. 2,881 
Quartzite. |... ...... Lll... short tons 7,147 278 80,294 892 
Stone and articles of stone, n.s.p.f.: 
Statuary and sculpture s. 251 ` — — ee 251 
Stone, unmanufactured........ short tons 40,765 198 38 , 849 147 
Building stone, rough....... cubic feet. . 3,471 6 8,867 8 
Building stone, dressed short tons. _ 515 16 1,276 21 
JC ·˙• ». ͥ ͥ ͥͤ ⁰ ⁰ y Eet ve 210 0 236 
// ͥͥ ‚0⏑˙³ĩ¾9.ꝗöſ ³ 0Aqͥ ³⁰ mm m ĩðĩ2· 68811 ------ 668 
Stone, chips, spalls, erushed or ground: 
Marble, breccia and onyx chips 
short tons 6,436 89 5,062 97 
Limestone, chips and spalls, crushed or 
ground... uoce eee E do.... 1,677,410 2,075 1,720,936 3,254 
Stone chips and spalls and stone crushed 
or ground, n.s.p.f. ....... short tons.. 1, 868, 243 1,599 1,188,180 1,425 
Slate chips and spalls and slate crushed or 
ground. ...............- short tons 804 1 22 (1) 
A ³»¹¹ 8,052,893 8,764 2,914,200 4,776 
Weg, gi dry d bolted 
itin „ground, or bo 
MM short tons. 15,904 326 11,683 281 
Chalk whiting, precipitated .-.- do. 2,839 170 2,134 170 
Total zu ³ĩ1ðw¾ꝗãͥ y 18,243 496 18,817 451 
Grand total... ſh!! — nw Less r24,629 |  ....-. 29,306 
r Revised. 


1 Less than Le unit. 


Digitized by Gooqle 


Sulfur and Pyrites 


By Arnold M. Lansche : 


The price of sulfur declined sharply 
during 1969 because of reduced demand 
for phosphate fertilizers and increased 
competition from foreign sulfur producers. 
Although new Frasch mines came into 


operation in the sedimentary sulfur depos- 
its in west Texas, output of native sulfur 
dropped in 1969. Production of recovered 
sulfur established a new record. 


Table 1.—Salient sulfur statistics 
(Thousand long tons, sulfur content) 


1965 1966 1967 1968 1969 
United States: 
Production (native 6,116 7,002 7,014 7,460 7,146 
All forms 8,212 9,155 9,136 9,789 9,640 
Exports, sulfur ..............- 2,685 2,878 2,198 6 1,547 
Imports, pyrites and sulfur ... 1,646 1,674 1,689 1,712 1,795 
Stocks Dec. 81: Producer, Frasch 
and recovered sulfur 8,425 2,104 1,954 2,190 8,461 
Ke See apparent, all 
ed 7,981 9,145 9,801 9,007 9,175 
World 5 
Sulfur, elemental ............. 15,286 16,442 17,604 18,619 P 19,655 
e anann 9,560 9,627 10,086 10,009 e P 9,827 


* Estimate. P Prelim 


1 Measured by quantity la. ‘plus imports, minus exports. 


DOMESTIC PRODUCTION 


Native Sulfur.—In 1969, 21 Frasch 
mines produced sulfur; two of these were 
closed during the year. The producers and 
mines in Lousiana were Freeport Sulphur 
Co. at Caminada (offshore-closed March 
25), Grand Isle (offshore) , Garden Island 
Bay, Grande Ecaille, and Lake Pelto: 
Texas Gulf Sulphur Co. at Bully Camp; 
Jefferson Lake Sulphur Co. at Lake Hermi- 
tage; U.S. Oil of Louisiana, Ltd., at Chaca- 
houla; and Union Texas Petroleum at 
Sulfur. The producers and mines in Texas 
were Texas Gulf Sulphur Co. at Fannett 
Dome, Spindletop Dome, Moss Bluff Dome, 
Gulf, and Boling Dome; Duval Corp. at 
Pecos (began operating in October), 
Orchard Dome, and Fort Stockton; Jeffer- 
son Lake Sulphur Co. at Long Point 
Dome; Phelan Sulphur Co. at Nash Dome 
(closed in November); Pan American 
Petroleum Corp. at High Island (began 


operating in January); and Atlantic Rich- 
field Co. at Fort Stockton (formerly Sin- 
clair Oil Corp.) 

Elcor Chemical Corp. continued develop- 
ment of its facility for producing sulfur 
from gypsum at Rock House, Culberson 
County, Texas. The plant will have an 
annual capacity of 350,000 long tons. 

In October, Duval Corp. began using the 
Frasch process at its Pecos plant to extract 
sulfur from a sedimentary sulfur deposit 
located in the Rustler Springs area of Cul- 
beron County, Tex. The new mine was 
expected to be fully operational in 1970 
with a daily output of about 4,000 long 
tons of molten sulfur. The sulfur was 
transported 930 miles by a unit-train 
system of the Santa Fe Railway to Duval's 


1 Physical scientist (retired), Bureau of Mines, 
Bartlesville, Okla. 
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Table 2.—Production of sulfur and sulfur-containing raw materials by producers 
in the United States 


(Thousand long tons) 


1966 1967 
Gross Sulfur Gross Sulfur 
weight content weight content 
Native sulfur or sulfur ore: 
Frasch- process mines 17.001 7,001 7,014 7,014 
Other min oe ee eho OL 1 (4) 1 (1) 
Total lo eo An cu np uuu 8 7,002 eei 1,014 
Recovered elemental sulfur 22222 1,244 1,240 1,270 1,268 
Byproduct sulfuric acid (basis 100 percent) produced 
at Cu, Zn, and Pb plants — 2 1,297 424 1,115 364 
O hoy EE 1,034 490 1,018 489 
lh ee 9,155 3 9,136 
1968 1969 
Gross Sulfur Gross Sulfur 
weight content weight content 
Native sulfur or sulfur ore: ) 
Frasch-process mine 1,458 1,458 7,146 7,146 
Other 001 Mu 3 2 E n 
J ————— ——— NUS 7,460 RS 1,146 
Recovered elemental sulfur n 1,359 1,354 1,422 1,414 
Byproduct sulfuric acid (basis 100 percent) produced 
at Cu, Zn, and Pb plants 1,315 430 1,583 517 
f neu ee ee ies ecw E ere r 1,035 r 495 971 463 
Total? EE Te r 9,739 Z22222 9,540 
r Revised. 


1 Less than unit. 

2 Pyrites combined with hydrogen sulfide and liquid sulfur dioxide to av oid disclosing individual 
company confidental data. 

3 Data may not add to totals shown because of independent rounding. 


Table 3.—Sulfur produced and shipped from Frasch mines in the United States 


(Thousand long tons and thousand dollars) 


Production Shipments 
Year —— 
Texas Louisiana Total 1 Quantity Approximate 
value 
1965 ca a ee “ 2,534 9,582 6,116 7,251 $164,654 
96 ] .. 2,916 4,085 7,001 7,721 201,292 
13 ce 2,956 4,059 7,014 7,682 251,670 
KT EE 8,203 4,255 7,458 6,645 268,146 


E VL 3,289 9,857 1,146 6.551 176,659 


1 Data may not add to totals shown because of independent rounding. 


Table 4.—Sulfur ore (IO to 70 percent S) new terminal and storage facility at Gal- 
produced and shipped in the veston, Tex. 

United States 1 Phelan Sulfur Co. closed its Nash Dome 

operation in November because of the 

(Long tons) í . : s 
decline in the price of sulfur. The facility 
Production Shipments will be maintained ready for operation. 

“a... UU ae _ Freeport Sulphur Co. reported produc- 

Gross Sulfur Gross Sulfur (thou- tion of 3.4 million long tons of sulfur in 

Weight Content Weight Content sands) 1969; sales totaled about 3.6 million tons, 

1965__ 2,592 183 2.852 288 611 of which approximately 80 percent went to 

18725 Se 283 558 Ken 9 domestic markets with the remainder 

1968.. 3,125 1,568 3,125 1,563 486 exported.? Caminda mine, a relatively 


1 California, Nevada, and Utah. No production 2 Freeport Sulphur Co. Annual Report, 1969, p. 
or shipments reported for 1969. 5. 
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SULFUR, million long tons 
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Figure 1.—Domestic Frasch and recovered sulfur production, and imports for 
consumption and exports of native sulfur. 


high-cost Frasch sulfur property, was 
closed in favor of maintaining operations 
at Freeport’s other four mines. 


Texas Gulf Sulphur Co. reported pro- 
duction in 1969 of about 2.5 million long 
tons of native sulfur at its Texas and Lou- 
isiana Frasch operations.3 


No sulfur ore production was reported 
during the year. 


Recovered Sulfur.—Production of 
recovered sulfur in 1969 broke all records 
and exceeded 1968 output by nearly 5 per- 
cent. Shipments of recovered sulfur in 1969 
set a new record, exceeding the previous 
record (1967) by 9 percent and 1968 ship- 
ments by 10 percent. Statistics on ship- 
ments of recovered sulfur and value for 
1969 are given below: 


7 ae Sec" 
Imports 
1960 1965 1970 
Quantity Value 

State (long tons) (thousands) 
Arkansas ......---.-.- 25,386 $578 
California 182,764 5,847 
Colorado 1.003 16 
New Jersey .....-.---- 55,238 2,164 
New Mexico 19,702 518 
Pennsylvania 19,178 581 
exas o ru e re dA 128,978 19,811 
Wyoming 222222 45,695 988 
Other States! __ _ 322,417 10,594 
Total 1,400,861 41,037 


1Combined to avoid disclosing individual com- 
pany confidential data; includes Delaware, Illi- 
nois, Indiana, Kansas, Louisiana, Michigan, 
Minnesota, Mississippi, Montana, North Dakota, 
Ohio, Oklahoma, and Virginia. 


Phillips Petroleum Co. and Pan Ameri- 
can Petroleum Corp. abandoned plans, at 


on Gulf Sulphur Co. Annual Report, 1969, 
p. 8. 
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Table 5.—Recovered sulfur produced and shipped in the United States 
(Thousand long tons and thousand dollars) 


Production Shipments 
Year 
Gross Sulfur Gross Sulfur 
Weight Content Weight Content Value 
LEE 1,219 1,215 1,178 1,169 $24,574 
II. e oomen LI 1,244 1,240 1,265 1,261 80,166 
190I EEN 1,270 1,268 1,286 1,284 40,984 
1068 EES 1,859 . 1,854 1,278 1,278 49,696 
1909 ³ĩ¹»¹.¹¹·¹¹·¹·.·.. ele s 1,422 1,414 1,408 1,400 41,037 


least temporarily, for recovering sulfur 
from sour gas found in the Black Creek 
district of Mississippi. 


Pyrites and Hydrogen Sulfide.—Com- 
panies reporting the sale or use of pyrites 
in 1969 were as follows: Magma Copper 
Co., Magma mine, Ariz. (sales): Division 
of American Metal Climax, Inc, Climax 
Molybdenum Co. (sales); R.J. Dalton & 
Sons, Lincoln County, Nev. (sales): Bethle- 
hem Mines Corp., Cornwall and Grace 
mines, Pa. (use); Commercialores, Inc., 
Henry Knob Kyanite, S.C. (sales) ; Tennes- 
see Copper Co., Copperhill Mine, Tenn. 
(use) . 


Byproduct Sulfur.—Byproduct sulfuric 
acid was produced in 14 States in 1969 and 
totaled 1.77 million short tons valued at 
$27.5 million. Acid was produced at copper 
smelters in Arizona, Tennessee, Utah, and 
Washington, at lead smelters in California 
and Missouri, and at zinc smelters and 
roasters in Idaho, Illinois, Kansas, Mon- 
tana, Ohio, Oklahoma, Pennsylvania, and 
Texas. 


Sulfuric acid production from copper 
smelters totaled nearly 686,000 short tons 
valued at $10.07 million. Lead and zinc 
smelters and roasters produced nearly 1.09 
million tons of sulfuric acid valued at 
$17.4 million. 

Hydrogen sulfide was recovered from 
sour gas and petroleum refinery gas. Sulfur 
dioxide was recovered from smelter opera- 
tions. 


Bunker Hill Co. announced plans to 


build a $3.5 million, 300-ton-per-day, sul- 
furic acid plant at its Kellogg, Idaho lead 
smelter with production beginning the 
latter part of 1970. Eagle-Picher Industries, 
Inc., Galena, Kans., installed a Brinks mist 
eliminator in its sulfuric acid plant for air 
pollution control at a cost of $100,000. St. 
Joseph Lead Co. completed in October 1969 
a 300-ton-per-day sulfuric acid plant at its 
Herculaneum, Missouri smelter, which pro- 
duced 20,554 tons before yearend. In 1969, 
American Metal Climax, Inc., and Home- 
stake Mining Co. jointly operated a 56,000- 
ton-per-year sulfuric acid plant at Bixby, 
Mo. National Zinc Co. in 1968 began a $3 
million expansion of its zinc plant at Bar- 
tlesville, Okla., and as part of the expan- 
sion program, the 41-year-old sulfuric acid 
plant was replaced by a new 275-ton-per- 
day acid unit. 


Table 6. 8 uct sulfuric acid 1 (100. 
asis) produced in the 
Unit 


(Thousand short tons) 


States 


Copper Lead and wine 


Year plants ? plants 3 Total 
1965 ....... 869 962 1,381 
1966 ......- 470 983 1,453 
1967 ....-.. 848 900 1 1,249 
1968 ....... 483 990 1,473 
1969 ....... 686 1,087 1,778 


1 Includes acid from foreign materials. 

3 Includes acid produced at a lead smelter in 
1965-68. Excludes acid made from pyrites con- 
55 in Arizona, Montana, Tennessee, and 

3 Excludes acid made from native sulfur. 

4Data do not add to total shown because of 
independent rounding. 


CONSUMPTION 


The apparent consumption of sulfur, in 
all forms, was the second largest in history 
and only 1.3 percent less than the record 
of 1967. Sulfur was consumed mostly as acid, 
principally to produce fertilizers; other 


uses included petroleum refining; produc- 
ing inorganic pigments, rayon, and explo- 
sives; pickling iron and steel, leaching 
copper ores; and producing pulp, paper, 
and cellulosic fibers. Sulfuric acid and 


SULFUR AND PYRITES 


hydrochloric acid competed as pickling 
agents for some iron and steel. The use of 
sulfuric acid to leach oxidized copper has 
grown rapidly in the past several years. 
Competitive, nonsulfuric acid methods for 
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treating pulp and paper have been devel- 
oped. 

Estimated world consumption of sulfur 
in all forms in 1969 was 27.9 million long 
tons; about half was used to produce ferti- 
lizers. 


Table 7.—Apparent consumption of native sulfur in the United States 


(Thousand long tons) 


1969 


1965 1966 1967 1968 
Apparent sales to consumers ------------— 6,938 7,681 7,129 6,649 6,551 
Importi 2 ⅛˙-;;5ß: EE 831 199 124 742 745 
16%‚‚ͤ». .... A ee. 7,769 8,486 ` 8,458 7,891 7,296 
Exports: 
Crüde- unc 2.624 2,326 2,043 1.549 1.586 
Refined `. nee NN 1 47 150 58 11 
Total ö·ĩͤ ⁵ ² AA ð eo nim LS 2. 635 2,978 2,198 1,602 1,547 
Apparent consumption n 2 5,134 6.113 6,260 5,789 5,749 
IOO 
90 
80 
No tive sulfur 
70 
GO 
= 
= 
50 
qc 
LA 
a. 
40 
30 
— gg ° 
20 Recovered . „„ 
S ud 
— o 
| 
O . — Smelter ween NN 
3 a” == em — — e» "9 em em To em em quam “an qo — ` 
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Figure 2.—Sulfur supply sources as a K... of total apparent consumption based on 
| sulfur 


content. 
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Table 8.—Apparent consumption of sulfur in all forms in the United States 1 
(Thousand long tons) 


1965 1966 1967 1968 1969 
Native sulfur —_._._____________________-_ 5,134 6,113 6,260 5,789 5,749 
Recovered sulfur: 
Jd§»ö;u˙ ee eee z 1,167 1,258 1,287 1,382 1,400 
Imports -~--~ I ecce 656 715 150 830 929 
Pyrites: : 
Imports € ___ is. 160 160 165 140 120 
Smelter acid 22 2c LLl c Ll2ll2ll22222- 388 424 364 430 517 
Grand total? ..... 222222 7,981 9,145 9,301 r 9,007 9,175 


e Estimated. r Revised. 
1 Crude sulfur or sulfur content. 


? Includes consumption of domestically produced pyrites and consumption of hydrogen sulfide and 
liquid sulfur dioxide. Figures for these categories have been withheld to avoid disclosing individual 


company confidential data. 


STOCKS 


At yearend, producers' stocks of Frasch 
sulfur totaled 3,366,087 long tons; produ- 


recovered sulfur were highest for the year 
in June when 134,461 long tons were 


cers’ stocks of recovered sulfur totaled reported. 
95,312* long tons. Producers’ stocks of 
PRICES 
The Oil Paint, and Drug Reporter year as sales were made at lower prices 


quoted the price of crude, domestic, dark, 
bulk sulfur, f.o.b. cars, mines, and f.o.b. 
vessels, Gulf ports (for U.S. and Canada), 
at $41 per long ton until January 27, after 
which it was quoted at $39 per ton until 
near yearend. Bright sulfur was $1 per ton 
higher. Near yearend, this journal ceased 
quoting prices on dark and bright sulfur 
because conditions were unsettled and 
prices were declining. The quoted prices 
were virtually meaningless much of the 


FOREIGN 


U.S. exports included crude sulfur, other 
sulfur in the form of crushed, ground, 
refined, sublimed, and flowers, and 
unroasted iron pyrites. Exports of crude 
sulfur in 1969 declined slightly from those 
of 1968 and were the lowest since 1962. 
The Netherlands received 39 percent of 
the exports of crude sulfur with the 
remainder divided among 36 other coun- 
tries. Exports of other sulfur declined 83 
percent from exports in 1968 to 8,768 long 
tons. Brazil received half of the other 
sulfur exported; the remaining half was 
shipped to 31 other countries. Unroasted 
iron pyrites exported totaled 1,494 short 
tons valued at $53,532. Sweden received 
approximately 36 percent of the pyrite 
exports, and the remainder was shipped to 
Brazil, Canada, France, India, New Zea- 


negotitated between buyer and seller. Eco- 
nomic factors involved in the price decline 
included new mines, reduced requirements 
by agriculture, and rapidly rising foreign 
output. 

Sulfuric acid, 100 percent, tanks, works, 
was quoted at $34.65 per short ton all 
year. Canadian pyrite, containing 48 to 50 
percent sulfur, was quoted at $4.50 to $5 
per long ton at mines. 


TRADE 


land, the Republic of South Africa, Spain, 
the United Kingdom, and Venezuela. 

Imports for consumption of sulfur in 
1969 increased nearly 7 percent in quantity 
over those of 1968 and decreased 1l per- 
cent in value as a result of the decline in 
the price of sulfur in world markets. 
Imports of sulfur dioxide, all from 
Canada, totaled 8,990 short tons valued at 
$276,260. Imports of sulfuric acid totaling 
98,666 short tons and valued at $1,881,261 
were obtained from Canada, Netherlands, 
Sweden, the United Kingdom, and West 
Germany; Canada was the major source 
and supplied 89,950 tons valued at 
$1,646,055. Estimated imports of pyrites in 
1969 were 240,000 tons containing 120,000 
tons of sulfur. (Bureau of the Census data 
do not include all shipments.) 
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Table 9.—U.S. exports and imports for consumption of sulfur 
(Thousand long tons and thousand dollars) 


Exports Imports 
Crushed, ground, 
Year | Crude refined, sublimed, 
and flowers 
Quantity Value Quantity Value Quantity Value 
BOGE mm 2. ee UL O SL l 2,043 $81,492 150 $9,522 1,474 $47,612 
1958. om 1,549 65,650 53 3,855 1.572 64.277 
198999. 8 1.536 56,186 11 1.495 1.675 57,222 


Table 10.—U.S. exports of sulfur, by countries 
Crushed, ground, refined, 


Crude sublimed and flowers 
1968 1969 1968 1969 
Destination Long Long 
tons Value tons Value Value Value 
(thou-  (thou-  (thou- (thou- Long  (thou- Long (thou- 
sands) sands) sands) sands) tons sands) tons sands) 
Argentina 15 8686 31 $1,076 109 $29 105 $38 
Australia 82 3,436 57 2,342 262 67 420 161 
Belgium- Luxembourg 57 2,382 60 2,118 24 3 10 1 
BTZ i L. 132 5,710 120 4,040 17,472 925 5,144 399 
Canada . ` _ __--__ 81 3,343 46 1,651 1,874 380 1,867 337 
Chiles c x t Ee n.r 3 4 139 4,486 219: ger EEN 
Colombia „ 3 123 133 32 46 6 
El Salvador 4 184 2 76 5 1 10 1 
Fran ere 22 913 "ME SX" 123 84 a. ex 
Germany, West 9 856 5 208 40 6 462 139 
NGG? lecce c neri 46 2,261 17 782 10,172 690 197 28 
Ireland ..........-......- 95 4,016 89 S216. luam. AAA ⁵ĩð Sanu 
Israel __. ec ccece eke 18 827 25 878 20 4 10 8 
laly tee 48 2,215 79 8,207 10,000 620 7 1 
Jamaica 1 2 J r uz. s 
Korea, South ...........- 5 1 66.' cuu. ` Ae 

Sies eee Ee (1) 459 82 1,200 186 
Netherlands 549 22, 673 610 e , . e Mese 
New Zealand 64 2,626 54 2,063 95 25 148 47 
orway -= 2 98 Sa. Gs 86 O anica eels 
Pakistan (1) 1 1 3 117 20: Lino Baotou 
CJ) (1) 5 (1) 4 149 81 56 9 
Philippines (1) 5 5 158 80 37 249 48 
Saudi Arabia 1 62 7 406 So: AAA 
South Africa, Republic of. 56 2,027 81 1,007 249 41 141 31 
Sweden 2222222 10 443 n 21 AME ͥ ̃˙ A ubos 

Switzerland 222 12 491 1 111999 adada 2 (1) 

Taiwan . cal lll. 29 e use 4,208 800 1 (7) 
Trinidad and Tobago 21 900 18 G88: hoax - alee, ve, SADNE 
Tunisia _-_. . 48 2,053 84 / ades. 22625. Sson 
United Kingdom ` 110 4,562 201 7,236 442 28. wees er 
Uruguay 2222222 3 150 7 258 912 62 7 8 
Venezuela 11 674 (1) 8 397 74 134 41 
Other Lez 23 1,029 4 216 488 97 889 68 
Noe! 1.549 65,650 1,536 56.186 52, 786 3,855 10, 564 1.495 


1 Less than Lé unit. 


Table 11.—U.S. imports for consumption of sulfur, by countries 
(Thousand long tons and thousand dollars) 


1968 1969 
Country Quantity Value Quantity Value 
Australia ui . E (1) $1 JJ 
II ö K " JJ (1 

e, . ences 830 26,442 929 23,334 

1!öõĩõĩ·ĩ·Ü» ⁵%ↄQ.³˙ 1 er Seto ER eee ë ee 1) ) 
Guatemala `. — ~~~ ~~ T eet (1) 6 
Germany, West (1) 17 (1) 15 
Mic k 742 37,817 745 33,850 
Philippines TL, (1) 14 
lr AAA ese 1.572 64.277 1.675 57,222 


1 Less than Lë unit. 
2 Data may not add to totals shown because of independent rounding. 
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WORLD REVIEW 


World production of elemental sulfur in 
1969 reached a record high of 19.8 million 
long tons, 5 percent more than im 1968. 
The boost in world output was due princi- 
pally to increased production of native 
sulfur in Poland and increased output of 
recovered sulfur from sour gas in Alberta, 
Canada. 


Canada.—Extraction plants obtaining 
sulfur from sour gas in 1968 were listed in 
an article along with prospective producers 
and the expansion planned for 1969-70. 
In 1968 the estimated total recovery of 
sulfur from hydrogen sulfide in sour gas 
was 3.75 million short tons from 28 plants. 
The daily rated capacity of plants recover- 
ing sulfur from sour gas was 12,420 long 
tons, Planned additional daily rated capac- 
ity for 1969-70 totaled 5,656 long tons 
from 11 plants, of which the Atlantic 
Richfield Co.’s plant at Gold Creek, 
Alberta, was the only new company. Capi- 
tal outlay for the proposed plants and 
expansions will be about $95 million. 

Production of sulfur from smelter gases 
in 1968 was 565,696 tons valued aat 
$6,951,687. Canadian sulfur shipments in 
1968 totaled about 2.59 million long tons 
valued at $81,276,708. Shipments of sulfur 
contained in pyrite and pyrrhotite concen- 
trates totaled 159,036 tons valued at 
$2,215,161. Canada exported 2.1 million 
long tons of sulfur in 1968. 

Total reserves of recoverable sulfur in 
Canada were reported to be 116 million 
long tons. Estimated recoverable sulfur 
reserves in Alberta were 350 million long 
tons, associated with natural gas, and 780 
million tons in Athabasca-type oil sands. 

Texas Gulf Sulphur Co. announced 
plans to build a $50 million zinc smelter 
and sulfuric acid plant next to its concen- 
trator near Timmins, Ontario. This plant 
may process approximately one-half of the 
concentrator output with the remainder 
being exported to Europe, Japan, and the 
United States. Plans call for the smelter to 
be expanded in the next 5 years to process 
75 percent of the concentrator output. 

Great Canadian Oil Sands Ltd. operated 
a 65,000-barrel-per-stream-day refinery at 
Fort McMurray, Alberta, and extracted 
sulfur from Athabasca tar sands.» Produc- 
tion of sulphur from tar sand in 1968 
totaled 23,400 tons. 


Unit-train systems were used for the first 
time to transport sulfur from Shell Canada 
Ltd.’s sour gas plants in Alberta to Van- 
couver, British Columbia. The use of unit 
trains reduced transporation costs to $5.12 
per ton or as much as 37 percent below 
tariff rates set for the other kinds of rail 
shipment. Canadian Pacific Railway’s con- 
tract calls for shipment of 500,000 tons of 
sulfur annually fron Shell’s Waterson plant 
near Pincher Creek. 

India.—The first sulfuric acid plant 
obtaining its supply of sulfur from domes- 
tic pyrites went on stream.6 The new 
plant has a capacity to produce about 400 
short tons per day of acid, which is used 
in the manufacture of fertilizer at the 
Sindri factory, Bihar State. Travancore 
Titanium Products, Ltd., at Trwendrum in 
southern India was reportedly planning to 
increase its sulfuric acid plant capacity 
fourfold to increase output of white titania 
and other titanium products.7 The present 
plant capacity for sulfuric acid is 300,000 
tons per year, 100 percent acid basis. Esti- 
mates of India's sulfur requirements for 
1969-70 were 600,000 to 800, 000 tons. 
Demand for sulfur was expected to 
increase to 1.2 million tons by 1975-76. 
The State Trading Corp. of India signed a 
contract with Canada’s leading sulfur 
producers, Shell Canada Ltd., Cansulex 
Ltd., and Brimstone Exports Ltd., to 
supply India with 100,000 tons of sulfur. 

Mexico.—Cia de Azufre Veracruz, a sub- 
sidiary of Gulf Resources & Chemical 
Corp., was given notice in January 1969 by 
the Government’s National Properties Min- 
istry that its sulfur production in 1969 
would be limited to 254,000 long tons and 
that it must sell 152,000 tons of sulfur in 
Mexico during the year.8 Previously the 
subsidiary had not sold more than 35,000 
to 40,000 tons of sulfur annually in 
Mexico. Gulf Resources negotiated with 
some of the corporations in Mexico to 


Engineering and Mining Journal. Kidd Creek. 
V. 170, No. 9, September 1969, pp. 182-183. 

5 Sulphur (London). 
July-August 1969, p. 42. 

€ Chemical Age ( London). India First Pyrites- 
based Sulphuric Acid Plant on Stream. V. 99, No. 
2616, Sept. 5, 1969, p. 12. 

T European Chemical News. V. 15, No. 380, May 
16, Penn p. 11; V. 16, No. 394, Aug. 22, 1969, 


p. 

3 Wall Street Journal. Sulphur Output Ouota, 
Sale of 150.000 tons in Mexico Ordered of Gulf 
Resources Unit. Jan. 23, 1969, p. 12. 


Current Events. No. 83, 
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Table 12.—World production of elemental sulfur, by countries 
(Thousand long tons) 


Country ! 1967 1968 1969 » 
Native sulfur: 
rasc 
i ͤ ͥͤ AAA r 1,793 1,582 1,606 
Poland "eer r 226 816 e 1,279 
United States «4 7,014 7,458 7,146 
Tolles ß e r 9,033 9,856 10,031 
From sulfur ores: 

n,, x ß Sus SO 32 33 e 88 
Bolivia (export) ) 2222 r 50 35 36 
JJJJJ!»—»Ü5ͤf hͤ0yk dym v sm S mus S S r 55 62 97 
China, mainland e. 118 118 118 
einn... ee 24 28 e 26 
NAH EE (2) (2) 5 
Inden sds Ee e ee rg el el 
L1 Lie Se ee ee 82 96 e 64 

SE EE 250 256 201 
EN o WEE 24 24 26 
Poland. 22e uu e Lec eMe ees 484 479 e 640 
KI PP ee 8 4 5 
TUT EEN 25 25 
SSR ss ...... ĩͤ8 r 1,088 1,088 1,102 
ite J) 1 xa 
rr ³ĩð L r 2.183 2,194 2,379 
Total native sulfu n 46 11.216 12.050 12,410 

Other elemental sulfur: Recovered: 

J7Jöĩöê˖5 ᷑ H ˙w¹ . ĩð h ĩðx2 8 31 31 40 
BC EE 5 eb eb 
Brazil EE 6 7 7 
Bulgaria sess os RE 8 9 e 9 
Gan z 2,231 2,804 2,665 
China, mainland e415 128 128 128 
Colombia €* 2225225242520 eege —— ĩũ 8 4 
FFII % ee r 100 123 110 
FI ³ðW¹ AA sm rete 1,639 1,589 1,669 
Germany 

CC Mele ete d 121 117 e 118 

7 AAA 103 125 e 126 
Hüngpary Z zu 22 ⁵ĩð-Nðài?u,.õ uL diae 8 e3 e3 
Tanet ` tee ee ee r 86 87 89 
Iurael| "EE 2 6 e 8 
Haly € o nunc aa Eu ⁵ð 8 2 2 3 
Japan l / a 61 74 140 
N EREECHEN 15 
Th uenit S l meldz p Lord 48 52 57 
Netherlands 5 22 42 e 42 e 42 
Pr i ee eee r4 4 e3 
S / ete 0 ae e 4 
South Africa, Republic of * e 6 6 e 6 
SBB ³ // ³ AA E 41 36 e 39 
Sweden ũ ʃ a ee E n ee 
Taiwan t: 2-2 llo ] a a aa 3 NA NA 
ee, e x NA 20 71 
USSR e. or reso NEE 443 448 472 
United Arab Republic 8 9 3 e2 
United Kingdom 46 46 e 46 
United States _._. cece eee cence 1,268 1,354 1,414 
Total other elemental sulfur .................- r 6,388 6,569 7,245 
Grand eta! soko ___ r 17,604 | 18,619 19,655 


e Estimate. P Preliminary. r Revised. NA Not available. 

1In addition to countries listed, Uruguay produces other elemental sulfur in small quantities; 
Iran, in some years, produces 250—1,500 tons of sulfur in sulfur ores (in addition to the listed 
petroleum refinery byproduct sulfur); and the Philippines produces small quantities of sulfur in 
sulfur ores. 

2 Less than Lé unit. 

? Includes sulfur from mined sulfur-sulfide ore. 

* From refinery gases. 

5 From sulfide ore. 

$ Produced from natural gas; includes small quantities from domestic crude oil and from treat- 
ment of nickel-sulfide matte 

T From natural gas. 

8 Including sulfur recovered from petroleum refineries. 

? Includes output of Canary Islands. 

10 From shale oil. 

11 Totals are of listed figures only. 
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Table 13.—World production of pyrites (including cupreous pyrites) 


(Thousand long tons) 


1967 1968 1969 p 
Country ! Gross Sulfur Gross Sulfur Gross Sulfur 
weight content weight content weight content 
North America: 
Canada (shipments) .........- 337 r 163 281 e 136 289 e 140 
United States? __ 861 355 872 362 W W 
Europe: 
Bulgaria --------------------- r 161 e r 64 161 e 64 e 161 e 66 
Czechoslovakia __. 870 e 157 374 e 158 e 894 e 167 
Finland 12-2 tee 700 836 762 365 e 790 e 972 
Francë 202-2 ee 84 85 81 e 33 83 e 36 
Germany 
NEE 127 53 e 138 e 57 e 138 e 57 
Wost suo an u Ep. au z: 547 282 606 248 e 628 e 260 
Greece _ ! 177 e 83 207 e 96 241 112 
Haly 222210 cc cL 1,389 625 1,384 623 1,452 639 
Norway -----------2-22.2222.22.-- 627 282 682 309 146 e 337 
Poland EE 236 r 90 221 87 221 87 
Portugal 520 239 552 250 e 523 e 236 
Rumania € . 354 138 354 138 354 138 
SDHI NEEN 2,255 1,070 2,365 1,132 2,436 1,131 
Sweden «2 475 242 46 e 238 e 472 e 240 
USSR ˙ c u 8 3,445 1.821 3,445 1.821 3,445 1,821 
Yugoslavia ene 418 r 176 270 113 268 e112 
Africa: 
Algeria . r 34 r 16 45 22 49 24 
Morocco (pyrrhotite) .......-- 848 108 411 123 385 116 
x South Arica, Republic of r 855 e r 342 693 e 277 824 e 330 
sia: 
China, mainland € ...........- 1,476 669 1,476 669 1,772 803 
W 848 411 860 413 813 394 
Japan? ___ _ een 4,457 1,878 4,401 1,845 4,382 e 1,840 
Korea: 
North € 2. 2 - À. 492 197 492 197 492 197 
South en 4 e 1 NA NA NA NA 
Philippines 144 67 179 e 84 95 e 44 
Taiwan -m 38 15 38 e 14 88 e 14 
Turkey n- 123 59 134 64 128 61 
Oceania: Australia 253 111 163 71 e 123 e 53 
Total EE r 22,155 r 10,035 22,114 10,009 21,748 e 9,827 
e Estimate. P Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing 


individual company confidential data. 


1Pyrites is produced in Cuba, but there is too little information to estimate production. Pyrites 
is also produced in Southern Rhodesia, but production figures have been withheld by the Government. 


? Sold and used. 


3 Pyrite data covering pyrites, cupreous pyrites, and pyrrhotite only are as follows: 1967, 3,443,557; 


1968, 8,351,169; and 1969, NA. 
* Totals are of listed figures only. 


Mexicanize ownership. Inversiones Azuf- 
reras S.A., a subsidiary of Metalurgica 
Mexicana Pefioles S.A., and Crédito Minero 
y Mercantil S.A. offered to buy the subsidi- 
ary outright for $24 million. Late in the 
year the Government refused to issue rul- 
ings that would enable the proposed sale 
to take place.? Restrictions placed on pro- 
duction and sales caused a severe economic 
loss to Gulf Resources. After cancellation 
of the sale, the company decided to cease 
production of sulfur in Mexico but try to 
keep the concession agreement in force and 
to protect the company's investment. 

Sulfur exported from Mexico, Lob, 
vessel, was priced at an average of $29.50 
per long ton at yearend. Mexico's proved 
sulfur reserves total about 
long tons.10 

Poland.—Sulfur mining in the Tarno- 


77.4 million 


brzeg area of Poland, particularly the open 
pit operations at Piaseczno and Machow 
was described.11 Frasch techniques were 
used in the underground mines at Grzy- 
bow and significantly boosted sulfur 
output in Poland. Native sulfur produc- 
tion increased 48 percent in 1969 compared 
with that of 1968. Sulfur produced in 
Poland does not contain arsenic, selenium, 
tellurium, or bituminous compounds. 
Spain.—Compaíiia Española de Minas de 
Rio Tinto, S.A, and Rio Tinto-Patiíio, 
S.A., borrowed $81.4 million from the Eng- 
lish banking firm, Samuel Hill Co. to com- 


? Mining Journal. Gulf to Suspend Sulphur 
Pp ranana; V. 273, No. 7009, Dec. 19, 1969, p. 
20. 

1? Engineering and Mining Journal. V. 170, No. 
10, Oct. 1969, p. 154. 

HSinghal, R. K., Sulphur Mining in Poland. 
Min. and Miner. Eng., v. 5, No. 3, March 1969, 
pp. 35-39. 
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plete financing of two mining development 
projects: Corte Atalaya, a 12-million-ton- 
pyrite deposit, and Cerro Colorado.12 In 
1968, Rio Tinto's new treatment and han- 
dling facilities enabled the company to 
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ship 1.1 million tons of pyrite fines from 
its Huelva mine. Huelva City was the site 
of construction of a custom copper smelter 
capable of producing about 55,000 tons of 
metallic copper in the next 2 years. 


TECHNOLOGY 


The Bureau of Mines reported research 
on removal of sulfur dioxide from smelter 
gases.13 Pale yellow, high-purity, crystal- 
‘ine sulfur precipitates when smelter gas 
containing sulfur dioxide is introduced 
into sodium citrate solution into which 
hydrogen sulfide gas is injected. 

The concept of centralized plants to 
recover sulfur or sulfuric acid from the 
stack gas of coal-buring electric power 
plants was proposed as being an economic 
solution to the air pollution problem associ- 
ated with these plants.14 Each plant would 
be equipped with a scrubber containing a 
chemical, such as sodium carbonate or 
magnesium oxide, in solution for absorb- 
ing sulfur dioxide from stack gas. The 
used scrubber solution from several plants 
would be sent to a central processing plant 
for recovery of sulfur or sulfuric acid. Esti- 
mated capital cost for a scrubber operation 
at a new electric powerplant was $5 to $7 
per kilowatt, and $6 to $9 per kilowatt for 
conversion of an existing plant. 

A Catalytic-oxidation process was 
described for converting the 0.2 percent 
sulfur dioxide in boiler flue gas into sul- 
furic acid with almost 90-percent 
efficiency. 15 

Tests using dry, powdered limestone to 
remove sulfur dioxide from powerplant 
stack gases were reported completed by 
TVA. 16 In the present state of develop- 
ment, about 60 percent of the sulfur diox- 
ide can be removed. 

Monsanto Co.'s Cat-Ox process for remov- 
ing fly ash and sulfur dioxide from flue 
gas was described.17 Sulfur dioxide is 
catalytically oxidized to sulfur trioxide, 
which is made into sulfuric acid. About 
99,5 percent of the fly ash is removed from 
the flue gas by a combination mechanical 
separator and electrostatic precipitator. 

Various limestones were tested for their 
capacity to absorb sulfur dioxide from a 
synthetic flue gas.18 Chalk and oolite had 
the greatest sulfur dioxide saturation 
capacity. 

Pan American Sulfur Co. sponsored an 
improved thermal process to handle all 
sulfur-containing surface ores.19 Ground-up 


4, April 1969, pp. 80-81. 


surface sulfur ore and heated pebbles are 
fed into an externally heated conveyor 
retort from which air is excluded. The ore 
temperature is raised above the boiling 
point of sulfur. Both sulfur vapor and 
water vapor are ducted to a condenser 
where only the sulfur vapor condenses. 
The relationship between sulfur content 
and moisture content of the ore and fuel 
cost per long ton of sulfur is given graphi- 
cally for several fuel costs and thermal 
efficiencies. 

Investigation of the thermal reactions of 
pyrite in neutral, reducing, and oxidizing 
gases was reported.20 In atmospheres of dry 
nitrogen, wet nitrogen, or carbon monox- 
ide, pyrite decomposes between 550? and 
700? C to sulfur vapor and ferrous sulfide. 
Pyrite heated in oxygen initially forms fer- 
rous sulfide and sulfur dioxide between 
445° and 520° C. Further heating to 
between 620° and 660° C converts the fer- 
rous iron to ferric oxide, and additional 
sulfur dioxide evolves. In carbon dioxide 
the iron in pyrite oxidizes to magnetite 
above 650? C. 

First Manhattan Co. published a report 
updating the comprehensive study on 
sulfur issued in 1968.21 


12 Engineering and Mining Journal. News Briefs 
In cH rope Span. V. 170, No. 5, May 1969, p. 


33 George, D. R., L. Crocker, and Joe B. Rosen- 
baum. Recovery of Elemental Sulphur from Base 
Metal Smelters. Min. Eng., v. 22, No. 1, Jan. 1970, 
pp. 75-77. 

M Sulphur. Chemico's Proposal for Centralized 
SO; Recovery Operations. No. 83, July-August 
1969, pp. 39-40. 

15 Stites, Joseph G., and John L. C. Bachofer, 
Jr. Successful Removal of Sulfur Dioxide From 
Flue Gas. Min. Cong. J., 55, v. 6, June 1969, 
pp. 56—59. 

Sulphur. (London). Sulphur Oxide Removal 
from Power Plant Stack Gases by the Dry Lime- 
stone Process. No. 81, March-April 1969. p. 38. 

17 Remirez, Raul. Catalytic Route Is Ready for 
Flue-Gas Cleanup Jobs. Chem. Eng., v. 76, No. 
9. Apr. 21, 1969, pp. 86-88. 

38 Potter, Allan E. Sulfur Oxide Capacity of 
Limestones. Ceram. Bull., v. 48, No. 9, September 
1969, pp. 855—858. 

19 Dale, John M. A New Thermal Process for 
Every Surface Sulfur Ore. Min. Eng., v. 21, No. 


20 Schoenlaub, Robert A. Oxidation of Pyrite. 
J. Am. Ceram. Soc., v. 52, No. 1, January 1969, 
pp. 40-43. | 

21 Frank, Ernest H. Sulfur: Review and Outlook. 
ue Manhattan Co., New York, June 13, 1969, 

pp. 
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Talc, Soapstone, and Pyrophyllite 


By John W. Hartwell} 


The United States, with a 1969 produc- 
tion of talc, soapstone, and pyrophyllite of 
over 1 million short tons, was the second 
leading producing country in the world. 
Japan was the largest producer with a re- 


ported 1.9 million tons. The U.S. produ- 


cers passed the 1-million-ton mark for the 
first time since records have been kept. 
The greater number of mines in operation, 
increased output from a few mines, and 
increased prices per unit for the mined 


product contributed to the increased 


quantity and value. 

Legislation and Government Programs. 
—The Government stockpile objective for 
talc (steatite block) remained the same, 
200 short tons. New depletion allowances 
for talc were established effective with the 
taxable year beginning October 9, 1969. 
The new rates were 22 percent for domes- 
tic and 14 percent for foreign allowances, 
compared with 23 and 15 percent, respec- 
tively, for previous years. 


Table 1.—Salient talc, soapstone, and pyrophyllite statistics 
(Thousand short tons and thousand dollars) 


1965 1966 1967 1968 1969 
United States. 
Mine production 86 895 903 958 1,029 
BIUC i ce ceed eee oe se $6,343 $6,479 $6,871 $6,656 $7,508 
Sold by producers 8 850 824 88 
CT EEN $19,794 $19,269 $20,488 $22,968 $26,294 
e . hence dicun 70 6 6 
(( EEN $3,486 $3,917 $3,450 $3,521 $3,713 
Imports for consumption. n 2 15 24 20 
r EEA $833 $827 $653 3973 3749 
World: Production 3,934 4,098 4,369 4,866 5,015 


1 Excludes powders—talcum (in package), face, and compact. 


DOMESTIC PRODUCTION 


Domestic production and value of talc, 
soapstone, and pyrophyllite during 1969 in- 
creased 7 percent and 13 percent, respec- 
tively. Production was from 15 States with 
seven States accounting for 96 percent of 
the total quantity and 97 percent of the 
value. These States, in order of decreased 
production, were New York, Texas, Ver- 
mont, California, Montana, North Caro- 
lina, and Georgia. California dropped from 
second place to fourth place in 1969. Out- 
put from California during the year was 
20,000 short tons less than that reported in 
1968; however, value increased by over 
$250,000. Montana increased production by 
48 percent; Texas, 30 percent; Vermont, 10 
percent; and North Carolina, 6 percent. 


The Bonny mine located near Shoe- 
shone, Calif. and the Western mine near 
Tecopa have converted their operations 
from underground mines to open pits. The 
International Talc Company, Inc., has de- 
cided to modernize some of its mills in the 
Gouverneur district of New York with 
dust-collection devices. 

The ownership of the White Eagle talc 
mine, near Independence, Calif. was in 
error on page 2 of the 1968 Minerals Year- 
book “Talc” chapter. The owner is Stand- 
ard Industrial Minerals, Inc., Bishop, 
Calif. 


š 1 Mining engineer, Bureau of Mines, Pittsburgh, 
a. 
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Table 2.—Crude talc, soapstone, and pyrophyllite produced in the United States, 


by States 
1968 1969 
State - 
Short tons Value Short tons Value 
(thousands) (thousands) 

California. ............-..........- 165,396 $2,075 145,158 $2,329 
ET Al EE 45,600 288 47,790 801 
Nerds 3,029 38 6,484 81 
North Carolina ---------------- 100,080 520 105,728 586 
Mens... 88 3 1 W W 
KC ⅛˙„:⅛bu ðv 125, 880 517 163, 812 668 
Ed Abr BEE 9,928 10 4,600 12 
Other States 11 514, 396 3,207 555,716 8,531 
Totals. loco Sects 958,262 6,656 1,029,238 7,508 


W Withheld to avoid disclosing individual company confidential data. 
! Includes Alabama, Arkansas, Maryland, Montana, New York, Pennsylvania, Vermont, Washington, and 
States indicated by symbol W. 


Table 3.—Talc, soapstone, and pyrophyllite sold by producers in the United States, 


by classes 
Crude Ground ! Total 2 
Year Value at Value at Value at 
Short tons shipping point Short tons shipping point Short tons shipping point 
(thousands) (thousands) (thousands) 

19888 63,345 $255 775 ,079 $19,539 838,424 $19,794 
1966....... 3 110,856 493 738, 786 18,776 849,592 f 
1967....... 3 42,758 280 780,998 20,208 823, 756 20, 488 
1968 8 64, 877 331 821, 601 r 22,637 886,478 r 22,968 
1969. ...... 3 81,015 362 904,318 25,931 985,333 26,294 


r Revised. 
4 1 Mere crushed and sawed and manufactured material to avoid disclosing individual company confi- 
ential data. 
? Data may not add to total shown because of independent rounding. 
3 Includes exports to grinders in Belgium and Mexico. 


CONSUMPTION AND USES 


U.S. consumption of talc, soapstone, and paint, paper, and insecticides. The paper 
pyrophyllite in 1969 was 11 percent industry had the greatest increased use for 
greater, in quantity, than consumption in talc in 1969, followed by the insecticide in- 
1968 and 14 percent greater in value. The dustry and ceramics. The largest decrease 
principal uses for talc products were, in of talc usage was in roofing, toilet prepara- 
order of decreasing demand, ceramics, tions, and the textile industries. 


Table 4.—Pyrophyllite 1 produced and sold by producers in the United States 


Production Total sales 
Year — — PF ys o — 
Short tons Short tons Value 

(thousands) 
1965. .—-.022602099LI2nb ³é ³ Ä ue Es 126,266 136,308 $1,824 
1986... leen een vy nl ie 125,202 126,874 1,627 
/ EE uec S ub ui eS LEE 117,457 118,337 1,579 
193. ³˙¹¹i¹vA ³o•¹A ĩ 8 180, 624 120,319 1,748 
1069 WEE 104,347 110,816 1,692 


1 Includes sericite schist. 
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Table 5.—Talc, soapstone, and pyrophyllite sold or used by producers in the 
United States, by uses 
(Short tons) 

Tale and soapstone Pyrophyllite 
Uses 
1968 1969 1968 1969 
Ceramics...............- 227, 327 245, 704 20, 657 26, 860 
Insecticid es 88,739 53,722 W W 
Paint... 2 2 22222z22 166,336 166,170 W W 
POPC? cs sce 2 cee SL 38,897 54, 554 — — 
Roo fing 84,699 30, 526 — W 
Rubber 20,897 24, 464 W W 
Textile- ——-——— 2:522 13,520 7,974 w w 
Toilet preparations. ...... 83,930 12,235 W W 
Others 6.2602 cee tee ee 1 141,814 1279,168 ? 99,662 ? 88,956 
Total... se Sees 766,159 874,517 120,319 110,816 


W Withheld to avoid disclosing individual company confidential data. 

1 Includes asphalt filler, crayons, exports, fertilizer, floor and wall tile, foundry facings, insulated wire and 
cable, joint cement, plastics, rice polishing, and miscellaneous products. 

2 Includes asphalt filler, brick, enamel coating, exports, foundry facings, joint cement, refractories, miscel- 


laneous products, and items indicated by symbol W. 


PRICES 


Although yearend trade-journal quota- 
tions remained virtually unchanged, cer- 
tain grades of New York and California 
talc were reported with increased prices. 
New York talc, 99.9 percent through 325 
mesh, increased in price $2 per ton. In- 
creases in California standard-talc prices 


ranged from $2 to $6 per ton; fraction- 
ated- and micronized-grade increases ranged 
from $2 to $2.50; and cosmetic-grade stea- 
tite increases ranged from $1.50 to $6 de- 
pending upon quality and specifications of 
the material involved. 


FOREIGN TRADE 


The U.S. producers of talc, soapstone, 
and pyrophyllite increased exports in 1969 
by 5 percent in quantity and value over 
those of 1968. Fifty-two percent of exports 
went to Canada, 15 percent to Mexico, and 
the balance to 51 other countries. 


Table 6.—U.S. exports of talc, soapstone, 
and pyrophyllite, crude and ground 
(Thousand short tons and thousand dollars) 


Year Quantity Value 
1961.2: Ran tees Za 66 $3,450 
1968 2 on S 66 8,521 
1969... eres e 8é 69 3,713 


Imports, which were largely from Can- 
ada, Italy, and France, decreased in quan- 
tity and value approximately 16 and 23 
percent respectively. Imports of unmanu- 
factured material from Canada, decreased 
26 percent from 1968 receipts. French ship- 
ments decreased nearly 16 percent; the 
quantity from Italy increased about 4 per- 
cent. Imports were reported from three 
new Israel, Poland, and the 
United Kingdom. West Germany, India, 
and the United Arab Republic were de- 
leted as exporters to the United States. 


sources, 
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Table 7.—U.S. imports for consumption of talc and steatite or soapstone, 
by classes and countries 
(Short tons and thousand dollars) 


Ground, washed, Total 
Crude and unground powdered, or Cut and sawed unmanufactured 
Year pulverized 
and country 
Short Value Short Value Short Value Short Value ! 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands sands) sands) 
1901 — A 2,914 $32 12,229 $487 218 $134 15,361 $653 
1968: 
Canada 9,048 90 2,014 45 2 2 11,064 137 
France...... ...... uis 5,968 160 1 1 5,969 161 
Germany, 

West. n I 8 188 3 188 
India 22 0 ss MD PN = 22 2 
Italy 959 41 4,407 246 Hop KH 5,366 287 
Japan-_... . .  ------ EENS 165 7 210 126 375 133 
Korea, 

South..... ...... ERES 1,501 62 6 2 1,507 64 
Mexico 2 „„ EUM zou Ea (2) 
United Arab 

Republic 5 1 E 8 ru 5 1 

Total... 10,036 134 14,055 520 222 319 24,318 973 

— x 
1969: 

Canada..... 5,899 55 2,281 54 3 2 8,183 111 
France...... ...... cc 5,046 124 2 1 5,048 125 
Israel.. EINE 1 2 Soe z: 14 2 
Italy 3,293 137 2,265 144 2 1 5,560 282 
Japan... ¿QS SEGG. wu RN 258 159 258 159 
Korea, 

South..... ...... zc 1,222 54 m MU 1,222 54 
Mexico...... 1 Gy. xu PES e NOR 1 (?) 
Poland PON 33 E Sai 33 3 
United 

Kingdom 3 2 36 11 See EEN 89 13 

Total... 9,196 194 10,897 892 265 163 20,358 749 


1 Does not include talc, n.s.p.f.: 1967, $4,938; 1968, $12,722; 1969, $12,479. 


2 Less than }4 unit. 


WORLD 


Australia.—Three Springs Talc Pty., 
Ltd., which produces steatite talc from an 
open pit mine in Western Australia, 
started operation of its new crushing and 
screening plant late in 1968. The new fa- 
cilities, capable of producing up to 70 tons 
of minus-3-inch steatite lump in 1 hour, 
will enable the company to expand pro- 
duction. 

Canada.—Changes were made in the 
Customs Tariff and Excise Tax Act, June 
3, 1969, which affected the duty on pyro- 
phyllite entering the country for use by 
Canadian manufacturers. No duty is 
charged when entering the country under 
the tariff categories titled “British Prefer- 
ential” and “Most Favoured Nation,” how- 
ever, under the section titled “General 
Tariff,” the rate of duty is 25 percent. 

Baker Talc Ltd. built a new mill and 
warehouse and acquired a wet magnetic 
separator to improve the quality of its 


REVIEW 


products. The new mill will produce 10 
tons per shift. The separator was installed 
to upgrade talc which then could be used 
by the paint and cosmetic industries. 
Italy.—Production of talc and steatite 
has remained relatively stable because of 
competition in foreign markets from Red 
China and India. Exports to West Ger- 
many, the United Kingdom, France, and 
the United States in 1968, however, rose 25 
percent because of the high quality of the 
Italian products. Mines and mills were 
being expanded to further improve the 
product in quality and quantity. 
Norway.—A fire in August 1969 de- 
stroyed a large part of a Norwegian talc- 
processing mill near Bergen, including all 
nine of the micronizing mills used to pro- 
duce the better grades of talc. The micron- 
ized talcs, generally in the 20-micron 
range, are used throughout Europe as fill- 
ers and extenders. The United Kingdom 


e Estimate. p Preliminary. r Revised. 
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Table 8.—World production of talc, soapstone, and pyrophyllite, by countries 
(Short tons) 
Country 1967 1968 1969 » 
North America 
Canada (shipments) 5 60, 664 78,401 e 82,000 
United States 902,512 26 208 
———— sew 958,262 A e 
South America: 1 nene. 
Argentinas r 28,712 80,948 NA 
Chile. egener eet 8,176 8,101 NA 
Zeien EE 1,102 1,484 1,678 
Paraguay....................- 79 88 99 
Peru “(pyrophyilite) „5 6,096 NA NA 
AP 2,908 1,960 2,587 
Europe: . 
Austria 85, 685 99, 009 e 88,000 
e . . . . r 39,231 e 8,800 e 11,000 
France........ . eer wee éi eil r 289,088 232, 576 240, 419 
Germany. West (marketable). . _ r 46,880 46 ,056 e 62,700 
(ill. ee 4,804 4,950 4,950 
d qi Z; ¿i ä 130, 586 127, 445 150,151 
Norway (ground tale 8,974 84,946 e 85,000 
MU RT puas E 1 1,210 « 2,200 
Rumania 143,299 e 148,300 e 143,800 
DAR. o nileec 8 5,112 81,930 « 88,000 
Sweden r 27,658 e 22,000 e 22,000 
S S. R... · CES 896,000 407,000 418,000 
m. United Kingdom 10, 022 12, 679 e 12,10 
South Africa, Republic of 10,071 9,978 9,693 
^, WEE 660 640 ° 6 
‘ United Arab Republie .. 33, 000 38,000 83,000 
sia: 
Olina, mainland o. 165, 000 165, 000 165, 000 
J ⁵⁵¼—?s Sus 2 148,958 198,577 205, 292 
iere eege Ee r 1,618,422 1,865,815 1,876, 598 
Korea: 
North 66, 000 66,000 6, 
South... .. ee tek cocoa. 185, 164,692 204 , 067 
Pakistan (soapstone)........... 2,920 2,879 e 2,640 
Philippines 489 959 1.086 
Taiwan..........-..........- 45,542 32, 026 26,810 
Thailand (pyrophyilito) „ 14 : ,180 
Oceania: Australia. r 28,095 42,972 ° 44,000 
Total! lee Aims r 4,868,563 4,865,987 5,015,843 


NA Not available. 


1 Brazil is believed to produce in excess of 50,000 tons annually, but available data are incomplete. 
2 Southern Rhodesia is known to be a producer but no data are available. 


3 Total is of listed figures only. 


imported over 20,000 tons in 1969. It is ex- 
pected that repairs will be completed and 
production will be resumed early in 1970. 

United Arab Republic.—A talc-carbonate 
deposit was reported in the southeastern 
desert region between the Nile River and 
the Red Sea. This deposit reportedly con- 
tains hard, red crystals of magnesite in a 
soft, green groundmass of talc flakes. Pres- 
ently it is thought this rock could be eco- 
nomically procesed to produce Egypt's 
needs for basic refractory material. No 
mention was made concerning reserves or 


possible use of the talc portion of the 


mineral.? 

United Kingdom.—The Board of Trade 
was considering an application for lifting 
the import duty on tremolite talc im- 


ported from the Gouverneur district of 


2 Yousef, A. A., 


New York State. This material is ideally 
suited for use in some paints and certain 
ceramics because of its excellent color and 
fibrous character. Presently, this grade of 
talc is subject to an 8-percent duty. 

Zambia.—Currently, Crushed Stone Sales 
Ltd., a company controlled by the 
Zambian Government, is developing two 
talc deposits located near Lilaya and Chi- 
pata. Reserves are estimated at 300,000 
tons including 100,000 tons of block stea- 
tite. The talc is reported to compare favor- 
ably with the best French grades. Another 
deposit 16 miles southeast of this operation 
contains talc and pyrophyllite, with re- 
serves of about 1 million tons. 


. G. Girgis, and T. R. Boulos. 
Egypt 8 Tale-Carbonate Min. Miner. and Eng., 
. 5, No, 6, June 1969, pp. 30-33. 
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TECHNOLOGY 


A new publication entitled “Talc depos- 
its of the southern Death Valley-Kingston 
Range region" was issued in April 1970 as 
Special Report 95 by the California Divi- 
sion of Mines and Geology. Talc mines in 
the area lie in a talc-bearing belt 75 miles 
long. Within this belt are 29 mines which 
have accounted for most of the production. 
Maps of most of the mines are included in 
the well-illustrated text.3 

Rock similar to that mined for in- 
dustrial talc near Fowler, N.Y., since 1880 
was mapped at a new locality in western 
De Kalb Township, St. Lawrence County, 
N.Y.4 

In grinding talc or other nonlamellar 
minerals to obtain a product for use in 
the paint and paper industries, a slurry of 
the ore is ground in the presence of 
nylon pellets or other nonabrasive resilient 
grinding media to produce a mineral finer 
than 200-mesh while reducing its viscosity.5 

A method of floating nonmetallic miner- 
als, including talc, was described. Minerals 
investigated were used in the purest form 
and as crystals when available. Because the 
information obtained proved helpful in 
solving a number of flotation problems, 
the results were published.6 

Froth-flotation beneficiation of talc ore 


was recommended as a method of recover- 
ing talc from an ore containing large per- 
centages of magnesite or other alkaline- 
earth carbonate gangue.7 


A method of improving the color of 
gray West Texas talc was described. The 
talc is processed normally and then treated 
with sulfuric acid and hydrous aluminum 
sulfate, washed and filtered, and calcined.8 


A composition of talc and other nonme- 
tallic minerals was proposed for insulating, 
fireproofing, and weatherproofing steel col- 
umns, beams, and gas tanks.9 


3 Mineral Information Service, California Divi- 
sion of Mines and Geology, v. 23, No. 4, April 
1970, p. 66. 

4 Brown, C. E. New Talc Deposit in St. Law- 
rence County, New York. U.S. Geol. Survey Bull. 
1272-D, 1969, 13 pp. 

5 Sennett, P. S., K. L. Turner, and H. H. Mor- 
ris (assigned to Freeport Sulphur Co.). Com- 
minution and Sizing of Talc and Other Nonla- 
mellar Minerals. U.S. Pat. 3,476,576, Nov. 4, 1969. 

6 Wyman, R. A. A Guide to F loatability of 
Nonmetallic Minerals. Minerals Processing (Ottawa, 
Canada), v. 11, No. 2, pp. 10-13, : 

1T Mercade, V. f assigned to Englehard Minerals 
and Chemicals Corp.). Froth Flotation of Talc 
Ore. U.S. Pat. 3,459,299, Aug. 5, 1969. 

8 Lundquist, J. D. (assigned to Georgia Kaolin 
Co.). Decolorization Process for Talc. Canadian 
Pat. 819,619, Aug. 5, 1969. 

? Fraser, J. H. (assigned to Vonco Corp, Inc.). 
Coating Composition and Method. U.S. Pat. 
3,458,327, July 29, 1969. 


Thorium 


By John G. Parker 


All thorium continued to be recovered 
as a byproduct in the chemical processing 
of monazite beach sands for their rare- 
earth oxide (REO) content. Prices for 
thorium materials, including metal and al- 
loys such as thorium-magnesium hardener, 
remained relatively stable. The use of 
thorium in nuclear applications showed lit- 
tle change; in nonenergy uses consumption 
of thorium-magnesium hardener alloy rose 
more than 15 percent. 

No immediate shortage of thorium is 
foreseeable, but future widespread accept- 
ance of certain thorium-consuming nuclear 
reactors could lead to a potential annual 


demand of hundreds of tons within 10 
years. 

Legislation and Government Programs. 
—In early 1969 the Office of Emergency 
Preparedness established a new reduced 
objective for thorium nitrate, equivalent to 
40 tons of thorium dioxide, as the stock- 
pile objective. An excess of 1,793 tons of 
thorium oxide equivalent remained in the 
supplemental stockpile. 

Thorium stocks, under the control of 
the Division of Production, U.S. Atomic 
Energy Commission (AEC), totaled nearly 
1,560 tons of thorium in various forms, in- 
cluding concentrates, oxides, nitrate, and 
metal. 


DOMESTIC PRODUCTION 


Mine Production.—Output of monazite 
in the United States in 1969 was nearly 13 
percent less than that in the previous year. 
By far, most production came from Folk- 
ston, Ga., where Humphreys Mining Co. 
recovered byproduct monazite in the min- 
ing and processing of titaniferous and zir- 
coniferous sands on property owned by E. 
I. du Pont de Nemours & Co., Inc. The 
only other monazite production was at Cli- 
max Molybdenum Company's mine and 
mill near Leadville, Colo., where a small 
quantity was a byproduct of molybdenum 
mining. Byproduct recovery of monazite is 
scheduled by mid-1972 from zircon- and ti- 
tanium-bearing deposits in northern Flor- 
ida. The operating company, Titanium 
Enterprises, is a joint venture of American 
Cyanamid Co. and Union Camp Corp. The 
latter firm, the owner of extensive forest 
holdings in the southeastern United States, 
owns the reserves, and Cyanamid, a lead- 
ing supplier of titanium oxide pigment. 
wil presumably take the output of 
ilmenite.2 

Reserves of 15 to 25 million tons of 
thorium-bearing materials are estimated in 


Idaho, with a possible total content of 
250,000 tons of thorium oxide. In the Vic- 
tor area, 6.5 million cubic yards of placer 
sands are estimated to contain, on the av- 
erage, about 1 pound of thorium oxide per 
cubic yard. The Idaho deposits were said 
to occur in alluvial or placer deposits in 
intermountain valleys extending from Owy- 
hee County in the south to Clearwater 
County in the north. Also, they occur as 
thorite in vein or shear deposits in and 
near Hall Mountain in Boundary County 
near the Canadian border. In Lemhi 
County, one deposit about 30 miles north 
of Salmon is principally monazite in 
highly metamorphosed Precambrian rocks, 
and another near Lemhi Pass, 26 miles 
southeast of Salmon, is principally thorite.3 

In the Lemhi Pass area of Montana it 
was estimated that there were 693,000 tons 


1 Physical scientist, Intermountain Field Opera- 
tion Center, Denver, Colo. 

2 Industrial Minerals (London). No. 22, July 
1969 p. 30. 

3 Williams, George A. Thorium Mineral Reserves 
of Idaho. Trans. Thorium Information Meeting, 
Salmon, Idaho, Sept. 18, 1968, Idaho Nuclear 
Energy Commission, pp. 19-22. 
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of thorium-bearing materials 
0.67 percent thorium oxide.4 
Refinery Production.—The only domestic 
firms processing monazite to recover thor- 
ium and rare-earth compounds continued 
to be American Potash & Chemical Corp., 
a subsidiary of Kerr-McGee Corp., West 


averaging 
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Chicago, Ill, and Davison Chemical Divi- 
sion of W. R. Grace & Co., Chattanooga, 
Tenn. and Pompton Plains, N.J. These 
firms were the principal suppliers of crude 
and refined thorium compounds. Because 
monazite is now processed primarily for its 
rare-earth oxide content, the supply of by- 


Table 1.—Principal firms having capacity to process and fabricate thorium during 1969 


Company 


American Potash & Chemical Corp., div. of 


Kerr-McGee Cor 
Senma eiii. 
Gulf Gencal Atomie ine a 
Kerr-McGee Cord 


Metal Hyarides, 
National Lead 


Nuclear Materiais & Equipment Corp. 
(NUME 


Do 
United Nuclear Corp............................- 
Westinghouse Electric Corp 


Nuclear Fuel Services, Ine. — 


Status 

Location 5 

—fabricator) 
West Chicago, III.. p 
San Jose, Calif. t 
Wilmington, N.C... f 
San Diego, Cat -------------- D 
Oklahoma City, Okla............- P, f 
Beverly, Mass. ... ..........-.-.- p 
Albany, N. yyʒplk᷑ D 
Erwin, Tenn.................... D 
Apollo, GE D 
Leechburg, Pa................ SM t 
Hematite, Mo p,f 
Columbia, V pO NN t D oD f 


Source: U.S. Atomic Energy Commission. The Nuclear Industry 1969. Dec. 8, 1969, pp. 69, 85. 


product thorium from this source probably 
exceeded demand, and an increase in thor- 
ium stocks continued. No thorium-magne- 
sium master alloys (most of which contain 
about 40 percent thorium) were produced 
in this country, but Magnesium Elektron, 
Inc., New York City, continued as the dis- 
tributor in the United States for an Eng- 
lish producer. The thorium for these alloys 
probably came from raw materials derived 
as a byproduct from Canadian uranium- 
mining operations. 


Table 2.—Producers and fabricators of 
magnesium-thorium alloy 1 


Plant location 


American Light Alloys, Inc.... Little Falls, N.J. 
Bendix Foundr ies Teterboro, N. J. 


Company 


Brooks and Perkins, Ine Detroit, Mich. 
Controlled Castings Corp Plainview, N.Y. 
The Dow Chemical Coo Madison, III 
Hills-McCanna Coo --- Carpentersville, III. 
Howard Foundry Coo Chicago, 

R. C. Hitchcock and Sons, Inc. Minneapolis, Minn. 
Rolle Manufacturing Co....... Lansdale, Pa. 
Wellman Dynamics Corp Bay City, Mich. 


! Three percent thorium alloys. 


CONSUMPTION AND USES 


Nonenergy Uses.—Total apparent con- 
sumption of thorium in nonenergy appli- 
cations decreased about 10 tons in 1969 to 
115 tons of equivalent ThO2 (thoria). The 
principal uses, in order of relative impor- 
tance, were thorium nitrate for manufac- 
turing  Welsbach-type incandescent gas 
mantles (a little over 50 percent of total 
thoria consumption); thorium-magnesium 
hardener (about 40 percent thorium con- 
tent) for making magnesium-base alloys 
containing about 3 percent thorium, 15 to 
20 percent; and thoria used in making dis- 
persion-hardened metal alloys (for exam- 
ple, nickel, tungsten, stainless steel) . Minor 
amounts of thoria were used in specialized 
refractory crucibles and in catalysts for 


making organic chemicals. Thoria and 
thorium boride show promise for high- 
temperature applications. Use of thoria in 
structural alloys for specialized space and 
military projects was small but important 
enough to justify retaining thorium as a 
strategic and critical material. 

Energy Uses.—There was little indication 
that demand for thorium for use in reac- 
tors and reactor experiments showed any 
growth over the small demand in 1968; 
supplies for this purpose have come from 
the stockpile of AEC. The most advanced 
and promising of the five concepts regard- 
ing use of the thorium fuel cycle (conver- 


* Geach, Robert D. Thorium Reserves in Mon- 
tana. Pp. 19-22 of work cited in footnote 3. 


THORIUM 


sion of fertile thorium to fissionable ura- 
nium-233) are the high-temperature, gas- 
cooled reactor (HTGR) and the mol- 
ten salt reactor experiment (MSRE). (See 
"Technology" section. About 25 tons of 
thorium oxide will be used in the initial 
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charge for the Fort St. Vrain HTGR to be 
operated by Public Service Company of 
Colorado in Platteville, Colo. The plant is 
scheduled for initial operation in 1972. If 
the HTGR concept proves economically 
successful, there may be a market of about 
500 tons of thorium oxide by 1980.5 


PRICES 


The domestic nominal price of monazite 
sand concentrate (based on periodic quo- 
tations in Metals Week for 1969) ranged 
from $180 to $200 per long ton, or from 8 
to 9 cents per pound. The average price 
of imported thorium ore, including mona- 
zite, in 1969 was nearly $117.50 per short 
ton, more than $11 per ton less than the 
average price in the previous year. Mona- 
zite with a minimum content of 55 percent 
REO was quoted on the London market at 
£65 ($156) to £75 ($180) per long ton 
Cif. for the first 9 months of 1969 and 
raised to £70 ($168) to £80 ($192) per 
long ton c.i.f. in October.e 

Quotations on thorium pellets by Ameri- 
can Metal Market remained at $15 per 


pound; a large chemical processor of mon- 
azite offered thorium metal powder for $65 
per pound in l- to 25-pound lots. Thor- 
ium nitrate was available at $2.75 per 
pound in 100-pound lots or more at the 
works.7 In 100-pound lots, 99 percent min- 
imum content thorium oxide was quoted 
at $7 per pound. Other thorium oxides, in 
smaller lot sizes and of higher purity, 
ranged up to $20 per pound. Thorium- 
magnesium hardener alloys (about 40 per- 
cent thorium content) sold for about $12 
per pound of contained thorium plus the 
market value of the contained magnesium 
(85.25 cents per pound). On this price 
basis, 40 percent thorium hardener alloys 
cost about $5 per pound. 


FOREIGN TRADE 


Exports.—Shipments of thorium ore and 
concentrate from the United States during 
1969 (about 90 percent to France and the 
rest to Japan and West Germany), totaled 
1,544 pounds of contained thorium oxide 
worth $11,181. Exports of thorium and 
uranium metals and alloys to seven coun- 
tries totaled 788 pounds (gross weight) 
valued at $26,182, with almost half being 
sent to Canada and about one-quarter to 
West Germany. Uranium and thorium 
compounds sent to 16 countries, including 
32 percent to the United Kingdom, 19 per- 
cent to Japan, and 9 percent to South 
Vietnam, totaled 105,620 pounds worth 
$316,561. 

Imports.—Monazite concentrate (an ore 
of thorium and rare-earth elements) 
shipped from three foreign sources (59 
percent from Australia, 37 percent from 
Malaysia, and the rest from Hong Kong) 
decreased nearly 4 percent to 4,206 short 
tons valued at $493,802. The unit value of 
$117.40 per short ton was nearly 9 percent 
less than that of 1968. Imports of thorium 
oxide, essentially all from West Germany, 


totaled 442 pounds valued at $2,514. Other 
thorium compounds from Switzerland (125 
pounds or 53 percent) , West Germany (108 
pounds or 46 percent), and the United 
Kingdom  totaled 236 pounds worth 
$25,848. There were no imports of metal, 
nitrate, or salts reported for the year. Im- 
ports from the United Kingdom of tho- 
rium-magnesium hardener alloy, containing 
about 40 percent thorium, were three 
times those in 1968. Imports of thoriated 
gas mantles from the United Kingdom (88 
percent), West Germany (9 percent), Austria 
(2 percent), and four other countries to- 
taled nearly 4.1 million units valued at 
$398,414, an increase in weight and value 
of about 20 percent. This represents a use 
of about 4,100 pounds of thorium dioxide, 
as about 1,000 mantles can be made from 
1 pound of thorium dioxide. 


5 U.S. Atomic Energy Commission. The Nuclear 
Industry, 1969. Dec. 3, 1969, p. 41. 


$ Industrial Minerals (London). Nos. 16-27, 
January-December 1969. 
"Oil, Paint and Drug Reporter. V. 195, Nos 


1-26, Jan. 6-June 30, 1969; v. 196, Nos. 1-26, 
July 7- Dec. 29, 1969 
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Table 3.—U.S. imports for consumption of monazite, by country 
1965 1966 1967 1968 1969 
Country Short Value Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) sands) 
Australia 1.278 3111 1,542 5176 1. 540 $195 2,810 $369 2,478 3300 
Brazil._____ ²˙ w 64 0 ues E Weeer, Sept — n3 e 
Ceylon 141 14 — 2 33 WU Ts 83 net 
Germany, Weste. ES. iode Sek 24 4 24 | 44 S 
Hong Kong.. Sle eee Lube t — qug c E 3 167 20 
Indonesia. "TO m AEA 72 183 MONS MM 
South Korea 22 2. £x E 49 (es „ MU 
Malaysia..............- 447 50 785 279 38 1,514 188 1,561 174 
Nigeria. 7 6 —— — 133 13 19 2. aad i aci 
South Africa, Republic of dave EE ^ 9 —— „ „ MURS 
Total 2,028 189 2, 442 2,091 270 4,367 563 4,206 494 
Tho: content e.. 120 145 .... 2D. asda 262 .... 252 — 
e Estimate. 


WORLD REVIEW 


Australia.—Based on figures for one-half 
of the year, gross output of concentrate 
containing monazite was about 4,300 short 
tons, with a monazite tenor of 90 percent 
or about 3,880 short tons. This was about 
8 percent greater than 1968 production. 


Table 4.—World production of monazite 
concentrates, by countries 


(Short tons) 


Country ! 1967 1968 1969 » 
Australia r 2,590 2,287 e 4,250 
zi 1,189 1,202 2,208 
Ceylon 22 46 62 
India e 2,900 e 2,900 8,850 
Korea, South. 14 NA NA 
Malagasy Repub- 

IEE ĩ 28 2 NA 
Malaysia 21,060 22,356 e 2,400 
Nigeria 222. 126 7 14 
Thailand. 44 T2 

Total . 7,929 8,844 12,851 

e Estimate. » Preliminary. r Revised. NA Not 

available. 


1 United States production data withheld to avoid 
disclosing individual company confidential data. 
Monazite is produced in Indonesia, North Korea, 
and the Congo (Kinshasa), but quantities are in- 
significant or not available. 

? Exports. 

3 Year ended March 31 of year following that 
stated. 

5 Totals are of listed figures only. 


Canada.— Thorium was recovered as a 
byproduct of uranium operations in the 
Elliot Lake area, where about 34 to 1 
pound per ton was contained in the ores. 
Estimated resources of thorium oxide are 
about 200,000 tons.$ 

Output of thorium oxide in concentrate 
was less than that in the previous year. 


Shipments of thorium oxide in concentrate 
were only 29,014 pounds compared with 
139,191 pounds in 1968, but the price per 
pound was slightly higher than that in 
1968. 


India.—Output of monazite was consid- 
erably more than production estimates for 
the previous few years, but thorium pro- 
duction figures were not available. Indian 
Rare Earths Ltd. continued its production 
of thorium hydroxide at its Alwaye plant 
in Kerala State, where the capacity was 
said to be about 800 tons per year. All the 
hydroxide is used in a plant near Bombay 
that makes thorium nitrate and oxide. 
This plant, the largest of its kind in the 
world, has an annual production capacity 
of about 300 tons of nitrate. The nitrate 
supplies virtually all the needs of the 
Asian gas-mantle industry, as well as some 
other overseas markets. 


United Kingdom.—Thorium salts manu- 
factured from Canadian concentrate may 
be too high in alpha radiation, under re- 
vised Factory Act regulations. It appears 
that the 25 percent thoria content material 
may be too difficult to handle and that in 
the long term the industry may have to 
switch to alternative material, probably 
monazite, which contains a different tho- 
rium isotope having lower alpha-activity.® 


8 Kostuik, John. Production, Reserves and Future 
Sources of Uranium. Canadian Min. and Met. 
Bull. v. 62, No. 686, June 1969, pp. 609-613. 

9 Industrial Minerals (London). No. 21, June 
1969, p. 41. 
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TECHNOLOGY 


Much of the research on thorium is di- 
rected toward securing data which can 
lead ultimately to usage in energy applica- 
tions. Attention was directed, however, to- 
ward methods for preparing the metal and 
using it or the oxide in certain alloys. A 
laboratory technique was developed at the 
Argonne National Laboratory for making 
the metal by reducing the oxide with zinc 
and magnesium.10 Potential economic ad- 
vantages are involved because the method 
uses no calcium, an expensive metal used 
as a reductant in the commercial produc- 
tion of thorium metal, and requires no 
prior hydrofluorination step. 

In adding thorium oxide (thoria) parti- 
cles to a 20-percent-chromium nickel- base 
alloy, it was found that small particle size 
is necessary to maintain stability and that 
larger dispersoid particles promote grain 
growth, which weakens the alloy.11 Two of 
these alloys made by different companies 
showed significant improvement in elevat- 
ed-temperature structural stability over a 
dispersion-free 80 percent nickel-20 percent 
chromium alloy. 

Serious consideration has been given to 
thorium as a fertile material because of 
the need to develop economic breeder re- 
actors that would produce more fissionable 
material than they consume. In the process 
called breeding, thorium can be converted 
to U233, a fissionable material, by bom- 
bardment in a reactor with neutrons in 
excess of those needed for maintaining the 
fissioning process. 

Core development and fuel irradiation 
and testing research continued on the gas- 
cooled breeder reactor concept at Oak 
Ridge National Laboratory (ORNL) and 
Gulf Genera] Atomic (GGA), La Jolla, 
Calif. GGA, with a number of utilities, 
created a conceptual design for a 330- 
megawatts electrical (MWE)  gas-cooled, 
breeder plant. 

The reactor of the Fort St. Vrain HTGR 
plant will initially require about 50,200 
pounds of thorium dioxide, equivalent to 
about 44,100 pounds of thorium, and 2,710 
pounds of fully enriched uranium (in the 
form of pyrocarbon-coated thorium and 
uranium carbide particles) in graphite 
blocks. The graphite acts as a moderator, 
and heat is transferred by helium gas com- 
ing out of the reactor at about 1,400? C. 


and 700 pounds per square inch to a 
steam generator which drives an electrici- 
ty-producing turbine. Compared with a 
light-water reactor or fossil-fuel plant, this 
type of reactor has a high efficiency (about 
40 percent) and low reject heat. This 
means it needs less cooling water and pre- 
sents fewer thermal pollution problems. A 
1,000 MWE reactor, which has been de- 
signed, initially will need about 80,250 
pounds of thorium dioxide (70,525 pounds 
of thorium) and 3,900 pounds of fully 
enriched uranium (equal to about 420 
tons U3Og). Every year after the second, 
about 10 tons of ThO,> and about 1,300 
pounds of uranium (equivalent to about 
140 short tons of U3O0g) will be needed to 
replace fuel removed for reprocessing.12 

Work continued at AEC's Bettis Atomic 
Power Laboratory, Pittsburgh, Pa., on de- 
veloping a reactor core that would demon- 
strate the potential for breeding in a com- 
pletely light-water reactor system. The 
light-water breeder reactor (LWBR) uses 
the seed-blanket reactor concept along with 
the thorium and uranium-233 fuel cycle. 

A report, based largely on information 
provided by designers of various thorium- 
fueled reactors, was published as part of 
an overall assessment of the civilian nu- 
clear power program.13 The report consid- 
ered the thorium cycle, requirements and 
economics for nuclear fuels and their 
resources, and the use and economic 
evaluation of the thorium cycle in specific 
reactor types. Examples cited were the high- 
temperature, gas-cooled reactors (HTGR) 
at Peach Bottom, Pa., and Fort St. Vrain; 
the current molten-salt reactor experiment 
(MSRE) at ORNL; light-water mod- 
erated reactors (LWR), at Indian Point, 
N. V., and Elk River, Minn. the heavy- 


water moderated reactor (HWR) such 
as the Canadian CANDU reactor; and 
the fast-breeder reactor (FBR). Total 


fuel-cycle costs potentially could be as low 


10 Light Metal Age. Magnesium-Zinc Alloy Used 
in Thorium Reduction Process. V. 27, Nos. 5-6, 
June 1969, p. 37. 

11 Raymond, L., and J. P. Neumann. The High- 
Temperature Stability of  Thoria-Strengthened 
Nickel-Chromium Alloys. Internat. J. Powder Met., 
v. 5, No. 2, 1969, pp. 97-104. 

12 Matheson, A. R. Thorium Market Estimates 
for a HTGR. Pp. 23-26 of work cited in foot- 
note 3. 

13 U.S. Atomic Energy Commission. The Use 
of Thorium in Nuclear Power Reactors. WASH 
Rept. 1097, June 1969, 144 pp. 


1064 


as 1.0 mill per kilowatt hour for the 
HTGR and approximately 0.5 mill or less 
per kilowatt hour for the MSBR. 


A more detailed report became available 
late in the year on the HTGR.14 Esti- 
mated costs were presented on designed 
1,000-MWE plants, with thorium and 
uranium fuel costs and details on the fuel 
elements. Projections were made on indus- 
try-size plants up to 12,000 MWE. 


The competition of plutonium (Pu) 


with thorium as a future nuclear fuel was. 


assessed. Byproduct plutonium is made 
from uranium-238 that has captured neu- 
trons during reactor operations. Estimates 
indicate that at least 200 kilograms of Pu 
are produced for each 1,000 megawatts of 
installed electrical capacity and that by 
1980 over 70,000 kilograms of Pu with a 
value of $700 million (at $10 per gram) 
would be available. Pu will probably be 
recycled for economic reasons in thermal 
reactors or used with uranium in fast- 
breeder reactors, where it has a better 
breeding ratio than the uranium- 
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223-thorium cycle. The latter cycle can be 
used in thermal breeders, in which Pu 
cannot be used as fuel. Detrimental to 
thermal reactors, however, is their low 
breeding rate compared with that of fast 
breeders. Offsetting this in part is a higher 
specific power (a measure of how hard the 
fissionable material in the reactor is being 
driven to produce new fuel) .15 

On the other hand, with the CANDU 
reactor (the Canadian deuterium-uranium 
reactor), which uses the natural uranium 
fuel cycle, thorium could possibly be used 
economically to supply part of the fueling 
requirements in a so-called "Valubreeder," 
a near-breeder. The system would be par- 
ticularly useful when the price per pound 
of uranium (in Canadian reserves) rose to 
over $15 per pound.16 


14 U.S. Atomic Energy Commission. An Evalua- 


tion of High-Temperature Gas-Cooled Reactors. 
WASH Rept. 1095, December 1969, 220 pp. 

15 Novick, M. The Role of Plutonium as a 
Competitor to Thorium as a Future Nuclear 
Fuel. Pp. 31-38 of work cited in footnote 3. 

16 Church, T. G. The Role of Thorium in 
CANDU-Type Reactors. Pp. 52-59 of work cited 
in footnote 3. 


Tin 


By John R. Lewis! 


The use of primary and secondary tin 
by the metal-consuming sector of U.S. in- 
dustry during 1969 remained about at par 
with consumption in recent years. There 
were no important gains or losses. 

The strike of dock workers at east and 
gulf coast ports, which began in December 
1968, was settled in mid-February 1969, 
and the men returned to work on Febru- 
ary 17. For the most part, tin buyers in the 
United States had hedged in anticipation 
of the strike, and had fairly successfully 
anticipated the duration and dislocations 
of the strike so that problems for most tin 
consumers were few. À number of ship- 
ments of tin were stymied in New York 
Harbor, however, which created uncom- 
fortable financial pressure on U.S. tin trad- 
ers. 

Almost all primary tin used in the 
United States came from foreign sources 
during the year, but the Nation led the 
world in its recovery and use of recycled, 
or secondary, tin and tin alloys. Most 
American supplies came from Malaysia and 
Thailand in 1969. Less than 100 long tons 
were mined in the United States; all of it 
came from widely scattered mines in the 
West and Alaska. There were no known 
tin shortages anywhere in the free world. 

During the year, the Nation went tem- 
porarily out of the primary tin smelting 
busincss. No tin concentrates had been 
brought into the country since December 
1968, and the only tin smelter, at Texas 
City, Tex. had consumed its stock of con- 
centrate (Bolivian) by midsummer 1969. 
For the remainder of the year, the electro- 
lytic tin facilities of the plant were oper- 
ated as a secondary smelter, using residues, 
drosses, and dusts purchased from smelters 
and detinning plants around the country. 
Primary tin smelting was to resume during 
1970, however. 


The International Tin Council (ITC), 
operating under terms of the Third Inter- 
national Tin Agreement, met four times 
during 1969 and declared that each of the 
four calender quarters of the year were to 
be periods of export control for the pur- 
pose of adjusting supply and demand so as 
to maintain the price of tin metal between 
ITC-established floor and ceiling prices. 
This was made necessary, it was an- 
nounced, by weakening tin prices in late 
1968, which were a result of world over- 
supply. Export controls were eliminated, 
because of improvement in the demand- 
price situation at the end of 1969. The 
ITC also requested the Secretary General of 
the United Nations to convene a negotiat- 
ing conference for a Fourth International 
Tin Agreement, and this was set up for 
the spring of 1970 at Geneva, Switzerland. 
The Second Technical Conference on Tin, 
jointly sponsored by the ITC and the Gov- 
ernment of Thailand, was held in Bangkok 
in November and was very well attended. 

Legislation and Government Programs. 
—Under the Tax Reform Act of 1969, 
which was signed by the President on De- 
cember 30, 1969, the percentage depletion 
rates on tin were reduced from 23 percent 
for domestically produced tin and 15 per- 
cent on foreign production to 22 and 14 
percent, respectively. The new rates ap- 
plied to taxable years beginning after Oc- 
tober 9, 1969. 

The General Services Administration 
(GSA) did not dispose of any tin during 
1969 through commercial channels. About 
1,700 tons were shipped out during the 
year through programs of the Agency for 
International Development (AID). The 
strategic stockpile objective for tin was 
raised in March from 200,000 long tons to 


1 . scientist, Division of Nonferrous 
etals. 
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232,000 long tons. This action left about 
25,000 long tons remaining as surpius in 
the stockpile. Disposal of the surplus re- 
mained a subject of study and consultation, 
particularly with ITC member countries. 
during the remainder of the year. Early in 
January the GSA announced that it would 
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be willing to exchange excess materials 
from the national stockpile for other com- 
modities whose stock levels were below cer- 
tain national objectives. Tin was included 
among the commodities available for 
barter. There was, however, no tin bar- 
tered during the year. 


Table 1.—Salient tin statistics 


(Long tons) 
1965 1966 1967 1968 1969 
United States: 
Production 
Mine Z. Secrest cau eee Loe ec 47 97 W W W 
Smelter....................- EEN 8,098 8,825 8,048 8,453 845 
Secondar))jßj)ß 2. 2 eee 25,076 25,349 22,667 22,495 22,775 
Exports for cons and reexports)...................- ,82 2, 847 2,479 4,495 2,908 
Importa for consumption: 
tee 40,816 41,699 50,223 57,358 54,950 
Ore ( (uin e, so See Ts ese , 826 4,372 3,255 2,4899 . ..... 
Consumption: 
may Su — ÁÓ——— À— —— 8 58,505 60,185 57,848 58,859 57,730 
pP ne 8 25,461 25,277 22 23,102 23,060 
ee Straits tin, in New York, average po per 
e d aaa aE 178.17 164.02 153.405 148.111 164. 435 
World: P Production: 
TEE 201,115 208,071 214,238 227,935 228,609 
ce LEE 197,181 200,510 219,175 280,768 224,457 


W Withheld to avoid disclosing individual company confidential data. 


DOMESTIC PRODUCTION 


PRIMARY TIN 


Mine Production.—A small but persis- 
tent tin mining industry exists within the 
United States. As has been the case for 
about a decade, annual production in 1969 
was less than 100 tons of tin metal. In 
1969, it was mined and concentrated in 
Alaska, Colorado, New Mexico, and South 
Dakota. 

California Time Petroleum, Inc. (CTP), 
in July acquired the Majuba Hill mines in 
the Antelope Mining District of Pershing 
County, northwestern Nevada. The prop- 
erty has been mined several times, princi- 
pally during World War II, as part of the 
Government's tin-silver stockpiling pro- 
gram. CTP studied the area and was 
sufficiently encouraged by its findings to 
conduct a 6-month mineralization and fea- 
sibility study, which was undertaken dur- 
ing the second half of 1969. The existence 
of a reportedly high grade of cassiterite, 
found very sparingly in North America, 
had been particularly encouraging to the 
company, it was reported. 

Smelter Production.—Production of pri- 
mary tin in the United States slowed and 
finally halted during the year when the 


Texas City, Tex., tin smelter, the only 
such facility in the U.S., consumed the last 
of its stocks of low-grade Bolivian concen- 
trates and did not renew its supply agree- 
ment. In all, only 345 long tons was pro- 
duced during the year as against recent 
production of about 10 times that amount. 
The output of tin was 99.96-percent-pure 
electrolytically refined metal in the form 
of 85-pound ingots. All output found its 
way into tinplate. In the fall the plant 
began processing secondary tin from var- 
ious residues, drosses, and dusts which it 
collected from many metal smelting and 
detinning installations around the country. 

The ownership of the smelter was modi- 
fied during the year. In the spring, the 
Lenway Chemical & Metallurgical Co. gave 
way to the Guif Chemical & Metallurgical 
Co. as owner-operator of the plant. Associ- 
ated Metals and Minerals Corp. held the 
controlling interest in Gulf Chemical & 
Metallurgical Co.; Fred H. Lenway, and 
Southern California Chemical Co. were mi- 
nority owners. The smelter, once a major 
producer of primary tin, had also turned 
to the production of tungsten, molybde- 
num, bismuth, and ferric chloride. 


TIN 


As the volume of tin concentrates from 
Boliva has dropped in recent years, the 
volume of tin metal entering the country 
has increased and has more than displaced 
the tin formerly smelted in the United 
States. 


SECONDARY TIN 


Secondary, or recycled, tin used in the 
United States in recent years has consti- 
tuted 28 to 30 percent of the total tin con- 
sumption. Likewise, secondary tin used in 
recent years has been running at about 40 
percent of the amounts of primary (new 
metal) tin consumed. Both of these ratios 
held true for 1969, indicating a somewhat 
static situation. On the other hand, al- 
though the amount of tin recovered from 
scrap rose only 280 long tons in 1969, the 
value of all tin so recovered rose 12 per- 
cent, from $75 to $84 million. This marked 
increase in the value was mostly due to 
higher world tin prices. Imports of tin- 
plate scrap rose rapidly (35 percent) in 
1969 and were up more than 76 percent 
over those of 1967. Exports of tin scrap 
rose more than 400 percent in the 1967—69 
period, but the volumes exported in 1969 
were only one-fourth of those imported. 
Secondary tin metal, as differentiated from 
that tin which is recovered as a constituent 
of an alloy, was again recovered to a 
greater degree in the United States than in 
any other country in the free world, but 
detailed data are not available except for 
the United States. The International Tin 
Council estimated that five nations use 80 
percent of the free world's secondary tin 
metal as follows: United States, 35 percent; 
United Kingdom, 18 percent; West Ger- 
many, 12 percent; Austria, 9 percent; and 
Australia, 6 percent.2 

Most secondary tin is not recovered as 
tin metal, but as a constituent of one of 
severa] alloys and sometimes in a chemical 
compound. In 1969, 87 percent of all tin 
recovered from scrap processed in the 
United States was thus recovered as an 
alloy in Dronzes, brasses, solders, type 
metal, Babbitts, etc. Although some tin 
metal was removed from chemical solutions 
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to reenter the metal markets as pig or 
ingot, still other tin remained in certain 
chemical compounds as a constituent. ` 


2 International Tin Council Statistical Bulletin, 
March 1970, p. 41. 
Table 2.—Secondary tin recovered from 
scrap processed at detinning plants 
in the United States 


1968 1969 1 
Tinplate scrap treated ? 
long tons.. 778,846 881,718 
Tin recovered in the form of— 
Metal long tons.. 2,447 2, 420 
Compounds (tin content) 
long tons 492 560 
Total 222. do.... 2,989 2, 980 
Weight of tin compounds pro- 
duced long tons 898 871 
Average quantity of tin re- 
covered per long ton of tin- 
plate scrap used.. pounds 8.46 8.03 
Average delivered cost of tin- 
plate scrap....perlong ton. $21.58 $26.85 


11969 figures not comparable to 1968; 1969 in- 
cludes one more 1 company. 

2 Tinplate clippings and old tin- coated containers 
have been combined to avoid disclosing individual 
company confidential data. 

3 Recovery from tinplate scrap treated only. In 
addition, detinners recovered 413 long tons (400 tons 
in 1968) of tin as metal and in compounds from tin- 
base scrap and residues in 1969. 


Table 3.—Tin recovered from all types 
of scrap processed in the United States, 
by form of recovery 


(Long tons) 
Form of recovery 1968 1969 
Tin metal: 
At detinning plants... ...... 2,815 2,818 
At other plants 168 209 
S! 2,978 3, 022 
Bronze and brass: | 
From copper-base scrap...... 11,624 11,518 
From lead and tin-base scrap. 271 146 
Otel EE 11,895 11,659 
ei sb eU RES 4,215 4,645 
Type metal ----------------- 1,604 1,497 
Babbitt.....-. 8 88 817 
Antimonial lead... ............- 400 510 
Chemical compounds 524 584 
Miscellaneous 41 41 
Total: ucu AAA 88 7,622 8,094 
Grand total 22,495 22,775 
Value (thousands) $74,681 $83,825 


1 Includes foil, cable lead and terne metal. 
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CONSUMPTION 


After enjoying a 1.6-percent improve- 
ment in 1968 (81,961 long tons consumed), 
combined  primary—secondary tin  con- 
sumption drifted back to 80,790 long tons 
in 1969. At this level, the combined con- 
sumption was almost the same as it had 
been in 1967 at 80,638 long tons. Taken 
separately, the consumption of neither pri- 
mary tin nor of secondary tin shows any 
appreciable difference in ratio across the 
3-year span. 


Despite an estimated increase in the 


metal-can market in 1969 of about 5 per- 
cent, the big growth was in the beverage 


segment, where aluminum dominated. One 
company estimated that more than 23 bil- 
lion aluminum or part-aluminum cans 
(with ring-pull ends) for beverages and 
food were sold in 1969, which was an in- 
crease of 4 billion over 1968 sales. It 
should be remembered, however, that 
while shipments from aluminum can man- 
ufacturers rose 26.1 percent in 1969, these 
cans constituted only 8.5 percent of all 
cans shipped by can manufacturers during 
the year. Shipments of nonaluminum cans 
(tinplate and tin-free steel) rose 3.1 per- 
cent in 1969. 


Table 4.—Shipments of metal cans 1 
(Thousand base boxes) 


1969 
Type of can 1968 r 1969 change, 
percent 
FOOD AND BEVERAGES 
Fruit and fruit juices... -..............-.-------.-------- es 14,251 15,300 ＋7.4 
Vegetables and vegetable juice 24, 541 23,867 —4.8 
Milk, evaporated and condensed. . . . . . ... 2,854 2,939 +.3 
Other dairy producta... one l U J Qm Fam ma m RE HE Eu E m. 731 594 —18.7 
Sit. ³ 20, 055 23, 509 +17.2 
|; o EE )) 30, 684 33,416 +8.9 
Meat and pelt. 8,919 8,859 —.2 
Fish and other seafoods__ „ 2,833 2,653 —6.4 
// ee 4,117 4,215 +2.4 
Lard and shortening. ee waa S l 1,696 1,658 —.2 
Baby f00d8 scsi . ß . — Aa 870 1,010 +16.1 
Pet (0008) eR LE 6,200 6,169 —.1 
All other foods, including sous 13,509 13,847 +2.5 
Total or average tt 126,260 132,536 +5.0 
NONFOOD 
OS oM" 8,166 2,959 —6.4 
Paint and o 0ł- . 4,387 4,846 +10.5 
III ⁰.ùw..... E 923 888 —8.8 
Pressure packing (valve ENEE 4,751 5,123 +7.8 
All other nonfood eee 6,375 6,274 —1.6 
Total or average____. 2. . . . . LLL cll ee 19,602 20,090 +2.5 
BY METAL 
Steel base boxes) 136, 046 140, 297 ＋3.1 
Short tons 5 Mo DTP MOMS 5,508 5,688 +3.2 
Aluminum base boxes 9,816 12,875 +26.1 
Short tons (thousand) T ar ERE EE 209 271 +29.7 


r Revised. 
1 Includes tinplate and aluminum cans. 


2 The base box, a unit commonly used in the tinplate industry, equals 31,360 sq. in. of plate or 62,720 sq. in. 


of total surface area. 


Sources: U.S. Department of Commerce; The Malayan Tin Bureau, Washington, D.C. 
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Table 6.—Consumption of primary and secondary tin in the United States 


(Long tons) 
1965 1966 1967 1968 1969 
Stocks Jan: Fi... 82,591 37,277 32,718 30,087 28,152 
Net receipts during year 

Darryl r ³˙Ü0A A ³ĩé A ͤ ͤſ 64,802 56,869 56,824 » 59,018 55, 125 
Second . ce cce EE wee 2,580 2,718 2,884 2,101 2,926 
ERR eege 24,676 28,654 21,492 r21,919 21,624 
Total receipt aote 91,508 88,286 80,700 788,088 79,074 
D ————— M 
Total available kk 124,099 120,518 118,418 118, 125 107, 226 

Tin consumed in manufactured products 
IIIA ee 58,505 60,185 57,848 58,859 57,730 
Secondary . AAA 88 25,461 25,277 22,790 23,102 23, 060 
IJ7JJ7‚ͤöÜꝗ ꝙĩ751[ z 3 88,966 85,462 80,688 81,961 80, 790 
Intercompany transactions in sera 2,806 2,988 2,698 8,012 ,995 
Total processed. .. .............- JJ en 86,822 87,795 88,881 84,978 83, 785 
Stocks Dec. 81 (total available less total processed) . _ _ _ _ _ _ ` 87,277 32,718 80,087 :28,152 28,441 


r Revised. 
1 Stocks shown exclude tin in transit or in other warehouses on Jan. 1, as follows: 1965—220 tons; 1966— 
185 tons; 1967—90 tons; 1968—20 tons; 1969—1,185 tons; and 19707 3 tons. 


Table 7.—Tin content of tinplate produced in the United States 


Tinplate (hot-dipped) Tinplate (electrolytic) Tinpiate Total tinplate (all forms) 
—ͤ— — —— OTr—————————— was Gen 
waste, | 
Tin Tin strips, Tin 
Year Gross Tin r Gross Tin r cobbles, Gross Tin er 
weight content short weight content short etc., weight ^ content! short 
(short (lon ton of (short (lon ton of gross (short (lon ton of 
tons) tons plate tons) tons plate weight tons) tons plate 
(pounds) (pounds) ped (pounds) 
tons 
1965..... 80,645 914 25.4 5,245,642 29,105 12.4 599,400 5,925,687 30,019 11.8 
1966..... 42,290 866 19.4 5, 154, 550 28,194 12.8 675,558 5,872,898 28,560 10.9 
1967..... 26,612 263 22.2 5,544,987 29,289 11.9 748,689 6,815,288 29,552 


10. 
1968..... 1 1 1 1 1 1 682,792 6,088,845 28,889 10. 
8 VM 8 8 VM VM 581,594 5,944,758 26,886 10 


1 Includes small tonnage of secondary tin and tin Gei uba in chemicals. 


ü : For dipped and electrolytic tinplate have been ined to avoid disclosing individual company confiden- 
& 


Table 8.—Consumers receipts of primary tin, by brands 


(Long tons) 

Year Banka English Katanga Straits Thaisarco Others Total 
1965.55 8,112 425 850 88,484 1,950 119,581 64,802 
1986... ¶ 709 488 95 90, 560 9,815 115, 257 56,869 
1981... eoe 404 704 91 81, 980 18,400 19,745 56,324 
1968..........- 805 950 12 r 41,048 11, 600 5.1 108 r 59,018 
1969_.......... 95 1,275 80 87,850 18, , 200 8, ,175 55,125 


* Revised. 
1 Includes GSA not reported under specific brands. 
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Table 9.—Consumption of tin in the United States, by finished products 
(Long tons of contained tin) 
1968 1969 
Primary Secondary Total Primary Secondary Total 

E dE (miscellaneous )) 442 182 624 477 192 669 
Bil dake s S 2,148 1,440 8,588 2,128 1,378 8,506 
Bar tin sl oco 2 8 970 115 1,085 1,009 84 1,049 
Bronze and brass......................- 8,851 11,631 15,482 4,155 12,871 16, 526 
Chemicals, including tin oxide PPM 1,744 423 8,167 1,857 1,250 8,107 
Collapsible tubes and foil.___ 1,114 55 1,169 1,114 29 1,148 
Pipe and tubing 58 87 9 48 
0 der. 2.2 uon a cca ce 14,685 6,685 21,370 14,936 6,347 21,288 
Terne metal..........................- 2 185 207 181 888 
e ß cA EO ERES 2,105 55 2,160 2,2838 51 2,289 
Tinpliate! EE 28,899 28, 839 26,888 26, 886 
Tin powder. 1,108 53 1,156 1,213 61 1,274 
Type metal 22 -- .108 1,109 1,217 116 994 1,110 
White metal ““ h)) 1,830 66 1,896 1,266 118 1,884 
EE o n: eee 8 7 66 1 85 49 184 

S; ð2â 58, 859 28,102 81,961 57,730 28,060 80,790 


1 Includes secondary pig tin and tin acquired in chemicals. 
? Includes pewter, britannia metal, and jewelers' metal. 


STOCKS 


Total tin stocks in the hands of, or on 
the way to, U.S. industrial users at yearend 
1969 were off 14.8 percent from those in 
1968. This was the largest annual reduc- 
tion since December 31, 1964, when tin 
stocks ‘dropped 18.3 percent below a year 
earlier. Some of the lowered stocks could 
be attributed to the skyrocketing prices 


which, on an annual average, rose by 1! 


percent in 1969 over the average price of 
1968. The biggest cutback was in primary 
tin in the hands of the tinplate makers, 
whose stocks.of pig tin were down 23.1 
percent at the end of 1969 as compared to 


Woy 


those at the end of 1968. After the east 
coast dock strike ended on February 17, 
1969, the backed-up volumes of tin afloat 
to the United States moved rapidly into 
domestic consuming channels so that by 
yearend the amount of tin in transit in 
the Nation was back to normal. Despite 
reduced inventories for the year, the in- 
crease in tin afloat to the United States 
was apparently due to quick shipments of 
readily available tin from ports in South- 
east Asia when the ITC exports controls 
were eased in December. 


Table 10.—U.S. industry yearend tin stocks 


(Long tons) 
1965 1966 1967 1968 1969 
Plant raw materials: 
Pig tin: 
VITRI S on ee oe Cotes 25,819 20, 531 17,044 r 15,975 12,281 
Secondar .. . . . . 202 276 288 215 258 
In process Iii. 11,756 11,911 12,760 r 11,962 10,907 
„ unde se Sd 37,277 82,718 r 30,087 r 28,152 28 , 441 
ig ix nos pig tin 
transit in n United States 135 90 20 1,185 80 
Jobbere im CC! A E 22, 000 31,790 11,815 1,182 1,210 
Afloat to United States 1,875 9,415 4,890 5, 890 5, 865 
z u tee ecce t cc. 4,010 5,295 6,225 7,757 7,155 
Grand totall 41,287 88,018 r 36,312 r 85,909 80,596 
r Revise 


d. 
1 Tin content, including scra 


p. 
2 Includes GSA as follows: 975 tons end of December 1965, sold but not delivered. 
3 Includes GSA as follows: 1,589 tons end of December 1966, sold but not delivered. 
4 Includes GSA as follows: 428 tons end of December 1967, sold but not delivered. 


TIN 1073 


PRICES 


Quoted prices for tin in the world's 
metal markets are generally quite changea- 
ble, and this was particularly true as 1969 
drew to a close and tin prices climbed to 
their highest levels since September 1964. 
Spot prices on the New York metal market 
for the first 10 months of 1969 averaged 
$1.62 per pound against a 1969 average of 
$1.48, a 1967 average of $1.53, and a 1966 
average of $1.64. However, in late October 
and in November and December, New 
York spot averages ran between $1.76 and 
$1.81, and there were a few days during 
that period when the price hovered above 
$1.85. Prices finally peaked out at $1.88 on 
December 4, 1969. A number of reasons 
were publicly advanced for this unusual 
situation, which occurred in the presence 
of a world oversupply of tin and with ex- 
port controls in effect for producing mem- 
ber countries of the ITC. Among these ex- 
planations were that steel company tin 
buyers had allowed their inventories to de- 
cine and then were obliged to buy at spot 
prices; that Japanese purchasers had 
bought heavily since July in order to build 
their inventories as a hedge against higher 
prices; that a heavy offtake by the Soviet 


Union and Eastern Europe continued; that 
unrest in Malaysia was expected to cause 
curtailment in output, which did not take 
place; that a Malaysian tin smelter was to 
be shut down indefinitely because of tech- 
nical difficulties thereby creating a shortage 
of Malaysian tin for export and that spec- 
ulative pressures existed against the ITC's 
buffer stock. A discussion of the effect of 
this latter activity will be found in the 
section devoted to the ITC in the “World 
Review" section. The ITC advanced its 
regular December 14 meeting date to De- 
cember 2 and while assembled, eliminated 
all export restrictions. Tin prices began to 
retreat slowly. 

The London Metal Exchange quoted tin 
prices in long tons of 2,240 pounds for the 
last time in 1969. Beginning with the first 
business day of 1970, prices were to be 
quoted in metric tons of 2,204.6 pounds. 
This made a minor change necessary in 
the ITC's floor and ceiling-price system. 
Before conversion to the metric system, the 
floor had been £1,280 per long ton of tin 
and the ceiling had been £1,630. After the 
changeover the floor was to be £1,260 and 
the ceiling was to be £1,605. 


Table 11.—Monthly prices of Straits tin for prompt delivery in New York 


(Cents per pound) 


1969 


1968 
Month 

High Low 
January 150. 750 144. 750 
February 145.750 145.000 
March. ...........- 147.000 145.250 
April.. 145.750 . 500 
PTT 144. 50 142. 750 
June 142. 250 141. 250 
o 22 142. 250 141. 000 
A C 142. 500 141. 500 
September 152. 000 142. 500 
etober .....-.--- 157.250 148.250 
November 167.250 157. 750 
December 167. 750 159. 000 
Average 167. 750 141.000 


Source: American Metal Market. 


Average High Low Average 
147. 875 165. 000 160. 000 162. 500 
145. 632 167. 500 164.000 165.184 
145.625 162.500 152.500 155.524 
145.214 159. 250 154.250 156.810 
148.295 158.000 155.500 156.666 
141.650 160.000 . 159. 000 
141.477 166.000 159.250 162.000 
141.852 167.250 163.000 165.905 
148.088 167. 000 163.750 ; 

151.071 168.250 163.000 166.707 
162.139 186.750 168.500 176.956 
163.464 187.500 179. 500 181.321 
148.111 187. 500 152. 500 164.485 


FOREIGN TRADE 


Participation by the United States in the 
world’s tin commerce leans heavily toward 
imports. Very little tin is mined in this 
country, and in 1969 there were no tin 
concentrates imported for smelting because 
the Nation’s only tin smelter suspended its 
primary tin-smelting activities. Therefore, 


US. needs for tin in 1969 were supplied 
by imports, mostly as bars and blocks and 
pigs, and mostly through the Port of New 
York. Total tin imports for consumption 
were Off 4 percent from the 1968 high. 
The export controls on the producing 
member nations of ITC, which were in 
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Table 12.—U.S. exports and imports for consumption of tin, tinplate, and 
terneplate in various forms 


| Tinplate circles, 
Ingots, pigs, and bars Tinplate and terneplate ‘stri pane Tinplate scrap 
cobbles 
Year Exports Reexports Exports Imports Exports Imports 

Value Value Value Value Value Vaiue 
Long (thou- Long (thou- Long  (thou- Long  (thou- Long (thou- Long (thou- 
tons sands) tons sands) tons sands tons sands) tons sands) tons sands) 

1967...... 2,050 $6,962 429 $1,412 241,878 $89,781 189,598 $27,112 18,782 $1,485 12,078 $881 

1968...... 8,818 12,784 682 2,267 249,892 41,898 208,269 39,156 18,681 1,405 15,827 541 

1969...... 2,862 8,459 541 1,927 289,852 49,160 268,450 51,889 28,285 2,577 21,298 917 


effect throughout the year, appear to have 


been an important factor in the reduced 


imports. Malaysia continued to be the 


prime supplier and furnished 69 percent of 


all tin imported by the United States. 
Thailand held second place with 25 per- 
cent of U.S. imports and increased ship- 


ments during 1969 by 13 percent. Al- 
though the United Kingdom does not 
supply a large amount of U.S. tin require- 
ments, shipments increased 31 percent in 
1969. There were two returnees to the U.S. 
tin market after long absences: South Viet- 


nam and Australia. 


Table 13.—U.S. imports for consumption and exports of miscellaneous tin, 
tin manufactures, and tin compounds 


Miscellaneous tin and manufactures 


Tin compounds 


Imports Exports Imports 
Tinfoil, 
tin powder, 
Year flitters, Tin scrap and 
metallics, Dross, skimmings, other tin-bear- 
tin, and scrap, residues, ing material, 
manufactures, and tin alloys, except tin- Long alue 
n.s.p.f. n.8.p.f. plate scrap tons (thousands) 
Value Lo Value Value 
(thousands) tons (thousands) (thousands) 
1967........ $855 449 $462 $1,490 81 $208 
1968. ....... 2,742 487 532 2,676 89 81 
1969........ 8,458 948 1,052 4,825 22 71 


In the past 5 years consumption of pri- 
mary tin in the United States has been as 
much as 25 percent greater than imports. 
However, by 1969 the spread had narrowed 
to 2,780 long tons, and consumption was 
only 5 percent more than imports. A draw- 
down of stocks in the hands of consumers 
was an indicated explanation. 


Trade was brisk in various tin semiman- 
ufactures during the year, and while ex- 
ports exceeded imports by 8 percent, the 
value of imported tin semimanufactures 
(tinplate and terneplate) was higher by 
about 4 percent. That tin which is a con- 
stituent alloy in imports and exports of 
babbitt, solder, type metal, and bronze is 
shown in the Yearbook chapters on “Cop- 
per" and "Lead". Ferrous scrap exports, 
including tinplate and terneplate scrap, are 
not classified separately. 


Table 14.—U.S. imports for consumption 


of tin 1, by countries 


1969 


1968 

Country Long Value Long Value 
tons (thou- tons  (thou- 
sands) sands) 
Australia Sas SCH 830 $1,346 

E : | 
uxembourg.... 12 87 81 106 
Bolivia.......... 88 00 kt MIN 
Canada 1 11 48 162 
India ERAN 25 80 
Indonesia........ 850 1,184 205 745 
Malaysia 41,324 181,788 87,926. 127,784 
Netherlands 871 , 652 267 901 
Nigeria 606 1,988 170 590 
Portugal 240 776 40 182 
Singapore 80 246 20 68 

South Africa, 

Republic off 50 158 P ER 
South Vietnam...  ... SM 50 159 
Spain 8 94 24 8 
Thailand 12,826 38,199 18,946 46, 206 


United Kingdom.. 1,480 4,862 1,873 6,669 


Total...... 57,358 181,940 54,950 185,087 


1 Bars, blocks, pigs, grain, or granulated. 


ru 
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Table 15.—U.S. imports for consumption 
of tin concentrate, by countries 


1967 19681 
Country Long Value Long Value 
tons (thou- tons (thou- 
(tin sands) (tin sands) 
content content) 
Australia ius ene 96 $86 
deg „ 8,254 $7,682 12,337 765,661 
o 

( hasa)... xi Z 6 17 
United Kingdom 1 8 FM = > 
Total.... 3,255 7,685 r2,499 :5,714 

r Revised. 

1 No transactions in 1969. 
WORLD REVIEW 


As anticipated under the restraints of 
the export controls declared by the ITC, 
world production of tin-in-concentrates 
was down in 1969, but only by slightly 
more than 2 percent. Total world output 
was 222,700 long tons and was still about 
2.5 percent above the 1967 level. Malaysia 
continued to lead all other nations with 
32.3 percent of the total mine production. 
Other major free world producers were 
Bolivia, 18.5 percent; Thailand, 9.3 per- 
cent; Indonesia, 7.7 percent; Nigeria, 3.9 
percent; and Australia, 3.5 percent. The es- 
timated mine output of the centrally 
planned countries constituted about 21.6 
percent of the world supply. 

Many tin-producing nations have smelt- 
ing facilities within their borders. Again, 
Malaysia was the foremost smelter of tin, 
with 38.6 percent. Thailand, the United 
Kingdom, Nigeria, Indonesia, and Australia 
in the free world followed in descending 
order. Other important smelting countries 
were the Netherlands and Belgium. The 
centrally planned countries total smelter 
output was estimated to be about 25 per- 
cent of the world total. 


INTERNATIONAL TIN COUNCIL 


Under the terms of the Third Interna- 
tional Tin Agreement, the International 
Tin Council (ITC) held four meetings in 
1969, all in the headquarters city of Lon- 
don, England. As is customary, decisions of 
the Council concerning the first calendar 
quarter are made at a meeting held to- 
ward the end of the preceding year. At 
such a meeting, held on December 17-19, 
1968, the Council declared the first quarter 


of 1969 to be a continuing period of ex- 
port control, and the overall amount of 
tin which could be exported during the 
period by the six producing member na- 
tions was set at 38,000 long tons. The 
meeting of March 11-18 continued export 
controls at 38,750 long tons because of the 
91-day period involved, invited Australia 
(not a producing member) to continue to 
limit its exports, and authorized the Buffer 
Stock Manager to operate within the so- 
called middle range, £1,400 to £1,515. 
There: were no new factors injected into 
the meeting of July 17-19, 1969, but a 
slightly improved market position influ- 
enced a decision to allow an overall export 
quota for the third quarter of $9,500 long 
tons. Poland was welcomed into the Coun- 
cil as a consuming member, and the 1,000 
consumer-nation votes were adjusted among 
the member nations accordingly. The 
year’s third meeting, September 16-18, 
again increased the amount to be pro- 
duced under a continuing export control, 
to 41,500 long tons. Although scheduled 
later, the fourth meeting was held Decem- 
ber 2-4. This was done because of the 
rapidly rising prices for tin in world mar- 
kets. At this meeting all export controls 
were lifted effective January 1, 1970. After 
reviewing the conditions that caused the 
sudden increase in consumption and ap- 
parent shortfall in exports, the ITC also 
decided that no country exporting more 
than its permissible amount for the fourth 
quarter of the year should be penalized. 
Operations of the Buffer Stock Manager 
were restricted, and the floor, ceiling, and 


middle sector prices under which he oper- 
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ated were adjusted to take into account 
eminent action by the London Metal Ex- 
change to quote tin prices in metric tons. 
The metric ton quotation price ranges 
thus established were as follows: 


Pounds sterling 

per metric ton 
Floor pric... 1,260 
Lower sector.....................- 1,260 to 1,880 
Middle sectorrr᷑ 1,880 to 1,490 
Upper secto --rccscanoisedennnnA 1,490 to 1,605 


Ceiling price 1,605 


The Council welcomed Hungary as a con- 
suming member and again adjusted the 
1,000 votes allocated to consumer nation 
members to take this addition into account. 
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At this point there were 20 consuming 
nations in the Council. 

The Council also requested the United 
Nations to set up a conference to discuss a 
Fourth Internationa] Tin Agreement, and 
subsequently, the meeting was set for Ge- 
neva, Switzerland, to begin on April 13, 
1970. The Third Agreement expires June 
30, 1971. 

In November 1969 the ITC, in coopera- 
tion with the Department of Mineral Re- 
sources of the Government of Thailand, 
held the Second Technical Conference on 
Tin in Bangkok. For further discussion, see 
the section in this chapter headed “Tech- 
nology.” 


Table 16.—World mine production of tin (content of ore), by countries 1 


(Long tons) 
Country 2 1967 1968 1969 p 
North America: 

TT EEN r 1965 160 120 
Mexi EE 588 519 280 
United States. os ce eee W W W 

South America: 
Artzen tines FF 802 701 e 700 
I T; n cuu pecu uay usus ass E 26,890 28,945 29,489 
JR e ede edemec musa ue O eL r 1,788 1,887 2,560 
É Peru (recoverable) 228.622 oe oe oe ea Soe r 65 99 8 
uro 

en JJ ði eg 150 162 140 

e ß r 461 343 268 
Germany, East ---------------------------- 1,000 1,000 1,000 
Portugal5. 2.1 ͤ . . 88 645 668 440 
S h C ⁵ Ad A ĩ r 160 140 121 

S28ßÄLᷣd»» ͥ y eL 25, 000 26, 000 27, 000 
United Kingdoo knn 1,475 1,798 1,622 

Africa: ? 
Burundi... EEN 45 116 88 
rr 50 41 29 
Congo (Brazzaville)) ꝛꝛꝛ 71 24 20 
Congo (Kinshasa). ll... 4,664 6,895 6,718 
MOIOGCO. EE 10 19 10 
NEE MEM Hn r 55 70 79 
IöB RDUM MERC Z s 9,840 9,644 8, 606 
Rhodesia, Southern n r 500 600 500 
AE TEE r 1,393 1,272 1,150 
South Africa, Republic of EE 1,761 1,887 1,847 
South-West Africa, Territory of aa 720 730 780 
e, . e e 341 286 178 
Uganda.. 2-220 norem sre 88 111 228 146 

Asia 

BUFmR EE r 475 385 340 
China, mainland 9$... 2... 2.2222 2-2 .ll lll lll. 20,000 20,000 20,000 
Indonesia. eonun ue Tu e DE EE 13,597 16,563 17,146 
)] Ü (éaʒyw— ...!... 8 1,166 930 729 
Moree. South. 2 ß . Zc ee 44 e 40 
EE EE 533 482 621 
Malaysia 72,121 75, 069 72,167 
FI ³Ü¹wm y 8 22, 490 23, 678 20, 786 
Oceania: Australia r 5,586 6, 650 „873 
Total. e r 214,2338 227 ,935 223 , 609 


e Estimate. r Revised. 


P Preliminary. 
dential data. 


W Withheld to avoid disclosing individual company confi- 


! Data derived in part from the Statistical Bulletin of the International Tin Council, London, England. 


* Tin was also produced in Mozambique during 1967 


3 COMIBOL production plus exports by small and medium mines and smelters 
* Estimate, according to the 56th annual issue of Metal Statistics (Metallgesellschaft) through 1968. 


s Includes tin content of mixed concentrates. 
* Estimated smelter production. 


7 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 


s Totals are of listed figures only. 
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Table 17.—World smelter production of tin, by countries 1 


(Long tons) 
Country 1967 1968 1969 » 
North America: 
7ö%;ôͤ—& ] )))) ð ði 0d ] 6mm. mA. mk E S E. 607 317 | 189 
United States 2222 33,048 33,453 845 
South America: 
E EREMO Behe i eee 8 800 | |  ..... 
Brazil- CIE 1,415 1,251 2,200 
Europe: 
Beighii) Rea UR. 4,198 4,799 4,444 
Germany: 
TE 1,200 1,200 1,200 
Wost Dr HCM 1,622 1,502 2,415 
Netherland 13,789 7,982 5, 298 
ä ↄ ˙Vͤ AAA obese é 592 619 496 
öÜ;—ĩéͤĩ 7 ͤkm hv 1, 823 2, 828 2, 065 
S S: tbe hae u E E 8 25,000 26,000 27,000 
United Kingdom. n 28,317 24,933 25,982 
Africa: ; 
Congo (Kinshasaoyyhõõ : 1,815 1,892 1,882 
Mere a a enu i ENSE 12 . 15 12 
Nigéria EE 9,131 9,778 8,740 
Rhodesia, Southern ------------------------ r 500 600 500 
m South Africa, Republic of r 658 686 788 
ia: 
China, mainland e „ 20,000 20,000 20,000 
Inden... GA 1,481 4,885 5,898 
JENSEN EE 1,666 1,861 1,877 
ö ù ²⁵²”nnrnnn y 76,828 88,318 88, 482 
FFTCCCͤÄĩÄ˙“Üꝓd ]ꝛ-oy-⸗x ⁰ Suku s 26, 634 24, 662 22, 049 
Oceania: Australia 3, 594 3,692 4, 156 
M/ ²⁰˙⁰Üͥ . ² VmA ³² 5mm ĩðͤ2 ii sede be r 219, 175 230, 768 225, 466 
e Estimate. p Preliminary. r Revised. 


1 Data derived in part from the Statistical Bulletin of the International Tin Council, London, England. 
? Includes tin content of alloys made directly from ores. 

3 Imports into the United States of tin concentrates (tin content). 

4 Estimate, according to the 56th annual issue of Metal Statistics (Metallgesellschaft) through 1968. 

s Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 

s Including a small amount smelted from imported concentrates. 


? Totals are of listed figures only. 


Australia.—Annual production of tin as 
concentrates doubled in the 6-year period 
ending with 1969. Increases averaging al- 
most 20 percent per year have been the 
rule since 1966, and only Australia's coop- 
eration in 1969 with the ITC (of which it 
was a consumer member but not a produ- 
cer member) on voluntary restriction of its 
exports at 4,400 long tons kept output 
slightly below the average increase. In 1969 
Australia produced 7,873 long tons of tin 
as. concentrates, an increase over 1968 pro- 
duction of 18.4 percent. The country's two 
smelters turned out 4,156 tons of metal 
during 1969, which amounted to a 12.6- 
percent annual increase. Japan, the United 
Kingdom and the Netherlands buy much of 
Australia's excess tin concentrates and tin 
metal. Most of the metal, however, is con- 
sumed within the country. 

To advise the Government and industry 
on matters relating to tin export, the sev- 
en-member Australian Tin Advisory Com- 
mittee was established late in 1968. At the 
same time that production began to rise so 
rapidly, domestic consumption by Austral- 


ia's major tinplate producer also began to 
drop, particularly in 1969, as demand for 
Australian tinplate diminished, in part 
owing to the competition from aluminum, 
glass, plastic, etc. The committee was faced 
with recommending the various mines' 
shares of the export quota and with find- 
ing solutions to Australia's potential tin 
oversupply problem. By the nature of Aus- 
tralia’s smelter capabilities and the com- 
plexity of some of her ores, there were 
vexing problems to be solved. 

Plans have been made by Renison Ltd., 
Australia’s largest tin-mining company, to 
increase ore throughput from 1,000 to 
3,000 tons per day. Troubles with complex 
ores and startup problems in the compa- 
ny’s new $9 million plant were solved dur- 
ing the year, and milling recoveries were 
improved. | 

Other tin-mining firms were busy in 
1969 developing properties, increasing out- 
put, consolidating holdings, or seeking di- 
versification into other metals or minerals, 
especially fluorspar, gold, and rutile. Aus- 
tralias tin-mining industry was widely 
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spread across the nation but was concen- 
trated in Tasmania, Queensland, and New 
South Wales. 

Bolivia.—Bolivia retained second place 
among world tin producers in 1969. Pro- 
duction of tin-in-concentrates rose about 2 
percent, continuing a 6-year trend. 

Corporación Minera de Bolivia (COMI- 
BOL), the State-owned mining company, 
continued to hold an important position 
in Bolivia's tin-mining structure. On July 
1, 1969, COMIBOL had nearly 21,000 
workers in underground mines and in mill 
and other surface operations, plus educa- 
tional and medical personnel. 

At the Catavi tin mine, where a United 
Nations Development Program in coopera- 
tion with the Mining and Metallurgical 
Research Institute has developed a flota- 
tion process for recovering tin ore from 
colloidally suspended tailings, further work 
was underway to improve a volatilization 
process for treating low-grade tin concen- 
trates. Encouraged by the results, COMI- 
BOL planned to move ahead with a cen- 
tral treatment plant for these fines. 

At midyear Bolivia sought a $17 million 
loan from the Inter-American Development 
Bank to finance a $90 million volatilization 
plant. The project called for a cassiterite 
flotation plant near the Vinto tin-smelting 
complex, which was under construction. 

Burma.—Tin and tungsten are exploited 
together in Burma, and until the late 
1950's production was between 2,000 and 
3,000 tons of tin metal annually. In 1968 it 
was 924 tons; in 1969 it was at a new low, 
626 tons. All mining was done by very 
small interests, and it was required that 
ore be sold to the Government. In Decem- 
ber the Burmese Mineral Development Cor- 
poration signed a contract with a Soviet 
firm, Tyazhpromexport, for the survey and 
rehabilitation of the once highly produc- 
tive Mawchi mines, destroyed during 
World War II. At one time this was the 
second largest tin-tungsten operation in 
the world. Plans call for operating as soon 
as possible at about two-thirds the output 
of 1940-41, or about 100 tons of concen- 
trated ore per month. 

Malaysia.— Tin mining is Malaysia's sec- 
ond most important industry. The rising 
tide of Malaysia's tin output was reversed 
in 1969, ending a trend which had begun 
in 1961. The setback was neither severe 
nor unexpected in light of the full year's 
imposition of export controls by ITC. At 
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72,167 long tons of tin in concentrates, the 
production was about the same as that of 
1967, after peaking at 75,069 long tons in 
1968. There were 955 gravel pumps in op- 
eration at yearend 1969 against 994 one 
year earlier. Sixty-five dredges, the same 
number as in 1968, were working as 1969 
came to a close. Gravel-pump mines pro- 
duced 54.82 percent of the ore (down from 
57.82 percent in 1968), while dredging 
produced 33.15 percent in 1969 against 
30.84 percent in 1968. Malaysian gravel- 
pump operations are generally small and 
very sensitive to the price of tin, while 
dredging is less affected by short-term 
price fluctuations. Marginal mines also 
closed during the periods of export con- 
trols. The number of dredges, on the other 
hand, has not changed much in about 6 
years, but the newer dredges are capable 
of handling larger volumes of gravel, lea- 
ner pay, and deeper digging depths. Four 
such plants have gone into production in 
recent years, and two more are nearing 
completion. The amount of capital re- 
quired for these huge dredges necessitates 
substantially good long term prices for the 
tin. Large open pit operations employing 
heavy earthmoving equipment also require 
high capital outlay and can continue only 
when long term prices remain favorable. 

It was reported that richer Malaysian tin 
reserves are being progressively exhausted 
and that lower grade deposits, while exten- 
sive, require greater capital outlay. Explo- 
ration, using highly complex geophysical 
and geochemical methods, continued to 
turn up new and sometimes deeper re- 
serves. 

In May and June there were civil dis- 
turbances in Malaysia which were most ac- 
tive in the vicinity of Kuala Lumpur and 
curfews were imposed. The violence was of 
sufficient magnitude that all Malaysian tin 
miners were idle for about 2 weeks. The 
Penang tin market closed briefly. Severe ef- 
fects upon tin mining were expected, but 
curfew passes were issued to tin workers in 
the vicinity of Kuala Lumpur, and the 
feared shortfall failed to materialize by 
yearend. 

High-grade pockets of cassiterite were 
being mined with increasing frequency in 
Malaysia during the year. Most of these 
are found beneath old placer mine loca- 
tions and can be mined by open pit meth- 
ods. Most of the deposits were found with 
modern diamond-drilling methods. Rub- 
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ber-tired front-end loading tractors are 
used to move broken rock. For many years 
no attempts. were made even to sample 
these bedrock deposits. 

Malaysia's tin is exported as metal 
smelted in the region. Forty-two percent 
went to the United States in 1969, and 28 
percent went to Japan. Canada, Italy, and 
the Netherlands were other important cus- 
tomers. The U.S.S.R. took 3,360 long tons, 
about 3.7 percent of Malaysia's total tin 
exports. 

Nigeria.-Nigerian tin production de- 
clined in 1969, and many were of the 
opinion that output would never again 
equal the 9,700 tons produced in 1968. A 
shortage of labor was considered to be a 
minor contributing factor, but depletion of 
known shallow ore deposits and the lack of 
investor funds to buy more sophisticated 
equipment to mine deeper ores were the 
major impediments. During the summer 
Nigeria announced an underage in her al. 
lowable tin exports under ITC export con- 
trols of 600 tons, and the Council there- 
upon reallocated this underage to Indonesia 
(400 long tons), Thailand (100 tons) , and 
Bolivia (100 tons). 

South Africa, Republic of.—The Minis 
ter of Economics Affairs officially opened a 
new electrolytic tinning line at the Van- 
derbijlpark plant of Iscor on May 22, 
1969. The line, will eventually have a ca- 
pacity of 300,000 tons per year of tinplate, 
which will supply all South African re- 
quirements well into the 1970's. The na- 
tion consistently produces between 1,600 
and 1,850 long tons of tin metal annually. 

U.S.S.R.—The U.SS.R. contracted with 
Head Wrightson & Co., Ltd. a British firm, 
to build an electrolytic tinplate plant at 
Magnitogorsk in the Southern Ural Moun- 
tains. The value of the contract was re- 
ported to be $10 million. The cost in- 
cluded design, supply and supervision of 
erection, and commissioning of the plant. 
The equipment will be fabricated at Head 
Wrightson's Middlesborough, England, 
plant. The thoroughly modern electrolytic 
plant will be able to put a coating of tin 
on both sides of a strip of steel at a rate 
of up to 1,750 feet per minute. The tin 
thickness can be the same or different on 
opposite sides of the tinplate stock. 

According to London sources, a third tin 
deposit has been found in the Soviet Far 
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East in the general vicinity of Amur Ob- 
last. Although nothing has been released 
on reserves, the deposit is reported to be 
"very promising" with ores of “high 
grade.” It is located fairly close to an ex- 
isting rail line. Other nearby tin opera- 
tions are at Khingan, Jewish Autonomous 
Region Oblast’ of Khabarovsk Kray close 
to the Amur Oblast’ border and the re- 
cently activated Solnechnyy mining and 
concentrating combine, also in Khabarovsk 
Kray. All three operations: are open pit 
mines. 

United Kingdom.—Two old mines, which 
have survived from the days when Corn- 
wall tin mines were turning out as much 
as 11,000 tons of metal per year, were focal 
points for a resurgence of tin-mining activ- 
ities in 1969.3 South Crofty, near Cam- 
borne, produced 1,148 tons of 70 percent 
tin concentrates in 1968. A $1.6 million ex- 
pansion and modernization program was 
underway during 1969 which was aimed at 
a considerable increase in production 
within 2 years. At Pendeen, on Cornwall’s 
Atlantic coast, the Geevor mine, which was 
active in the 19th century, was flooded out 
in 1932 by sea water in a working 2,000 
feet out beneath the sea. The breach was 
recently sealed,4 and new underground ex- 
ploration and development has begun. Pro- 
visionally, the Geevor's owners hoped to 
market 970 tons of tin in concentrates in 
1969. Dried and bagged concentrates from 
both mines are shipped by truck to the 
Bootle, Lancashire, smelters of Williams, 
Harvey Ltd. 

More prospecting was proceeding in 1969 
around other old operations such as near 
Truro. Mill tailings, even in estuaries, 
were being seriously evaluated. 

Consolidated Gold Fields of South Africa 
Ltd. announced during the spring that it 
would open a new tin mine called The 
Janes about 3 miles from Truro.5 A con- 
centrator, especially designed to allow for 
future expansion, was also contracted for 
at Truro. 


ournal. Rebuilding 
170, No. 11, Novem- 


3 Engineering and Minmg 
Cornwall's Tin Industry. V 
ber 1969, pp. 82-87. 


4 Institution of Mining and Levant Ti Sealing 
of the Undersea Breach Into Levant Tin 9 
Cornwall. Transactions, v. 78, Sec. A, No. 752, 
July 1969, p . A65-A89. 


5 South African Mining MET a Journal. 
Consolidated Gold Fields’ Million Cornish 
nd jn nt. V. 80, No. 3990, July 25, 1969, pp. 
1 ` 
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TECHNOLOGY 


The Second Technical Conference on 
Tin, under the auspices of the ITC and 
the host Government of Thailand and its 
Department of Mineral Resources, was 
held in Bangkok from November 18 
through 22, 1969. Over 60 papers were de- 
livered. Many discussed technical problems 
in Malaysia, Thailand, and Indonesia. Ge- 
ology and prospecting for tin in Brazil, 
England, Czechoslovakia, Australia, and Ni- 
geria were covered. A major group of pa- 
pers dealt with mining and recovery. Fi- 
nally, the work of the various geological 
surveys department of mines, and of ITC 
itself were treated and headlined by a dis- 
cussion of the role of research and devel- 
opment in the field of tin consumption by 
Dr. W. E. Hoare, Director, Tin Research 
Institute, London. The meeting was fol- 
lowed by a week-long field trip to South- 
ern Thailand to see tin mining and smelt- 
ing and to study the geology of the area. 

In June 1969 the Japan Tin Centre, a 
cooperative effort of the International Tin 
Research Council and the Japanese Mining 
Industry Association was opened in Tokyo. 
As in many other developed countries, 
Japan uses tin for cans, solder, and organ- 
otin compounds. The new Tin Centre's 
broad technical services will be available 
to all and are backed by the resources of 
the Tin Research Institute and the Tin 
Council's offices around the World. 

Tin additions to both flake and nodular 
graphite irons were said to have a useful 
place in contemporary foundry technology. 
The practice of. adding tin to control the 
structure of cast iron has rapidly ex- 


panded, and certain foundries have been 
able to make castings that were impossible 
without tin additions.e 

Investigations aimed at developing an 
economical, heat-treatable, copper-and-tin- 
based bronze alloy with commercially at- 
tractive properties were reported. The new 
tin-bronze age-hardening alloy contains 94 
percent copper, 5 percent tin, and 1 per- 
cent magnesium. 

Several publications by the Bureau of 
Mines with respect to the technical aspects 
of tin were released during the year.? 

In the rapidly developing field of pow- 
der metallurgy, the use of tin was under 
constant investigation and application. The 
addition of tin in the sintering of iron 
powder, in combination with copper, and 
the effective results obtained were reported 
in September 1969.9 


6 Thwaites, C. J. Tin in Cast won Foundry, v. 


97, No. 10, October 1969, pp. 5 ; 

———. The Development of the Use of Tin to 
Improve the Quality of Iron Castings. Iron and 
Steel, v. 42, No. 3, June 1969, pp. 201-208. 

7 Phillips, D. L., and P. A. Ainsworth. An Age- 
Hardening Tin-Magnesium Bronze. Metall (Ger- 
many), v. 8, August 1969, pp. 804—807. Available 
in English from Tin Research Institute, Inc., 483 
West 6th Ave., Columbus, Ohio 43201. 

8 Chambers, D. H., and A. W. Maynard. High- 
Purity Zinc and Tin by Amalgam Electrorefining. 
BuMines Rept. of Inv. 7318, 1969, 10 pp. 

Higley, L. W., J. L. Holman, E. R. Cole, and 
H. Kenworthy. Effect of Lowering the Tin Con- 
tent of Secondary Red Brass. BuMines Tech. Prog. 
Rept. 18, 1969, 11 pp. 

Schwanke, Alfred E., and Wilber L. Falke. 
Surface Tension and Density of Liquid Tin. 
BuMines Rept. of Inv. 7372, 1969, 9 pp. 

9 Barua, S. K., P. A. Ainsworth, and D. A. 
Robins. Sintering of Iron Powder Compacts With 
the Simultaneous Additions of Tin and Copper. 
Metallurgia, v. 80, No. 479, September 1969, pp. 
87-91. Also available from Tin Research Institute, 
483 West 6th Ave., Columbus, Ohio 43201. 
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By John W. Cole? 


Strong demand for metal and nonmetal 
titanium products caused record consump- 
tion of rutile and ilmenite concentrates. 
Use of metal-mil products increased in 
both the aerospace and nonaerospace in- 
dustries, but the aerospace industries con- 


tinued to use 90 percent of the total. The 


titanium pigments produced contained a 
record 652,000 tons of titanium dioxide. A 
total of 256,000 tons of welding rods, con- 
taining titaniferous materials in the coat- 
ings, was produced, down from 272,000 
tons in 1968. 


Legislation and Government Programs.— 


There were no sales of titanium sponge 
metal or of rutile concentrates by the Gen- 
eral Services Administration (GSA) from 
the. Defense Production Act (DPA) inven- 
tories. However, 326 tons of nonspecifica- 
tion-grade sponge metal was released to a 
contractor, who will return a like quantity 
of specification-grade material. The quan- 
tity of rutile in the stockpile was increased 
3,310 tons through barter of excess stock- 
pile materials. 


Total stockpile inventories of sponge 
metal increased 1,006 tons to 80,738 tons at 
yearend. The objective was lowered from 
37,500 to 33,500 tons in December. Total 
stockpile inventories of rutile at yearend 
were 50,927 tons. The objective was low- 
ered from 200,000 to 100,000 tons in De- 
cember. 

Government exploration assistance for 
rutile, available through the Office of Min- 
erals Exploration, U.S. Geological Survey, 
remained at 75 percent of the approved 
cost of exploration. The Department of 
the Interior, acting under authorization by 
the Office of Emergency Preparedness 
(OEP), continued its investigation of po- 
tential domestic sources of rutile. The Bu- 
reau of Mines continued investigating the 
technical and economic factors involved in 
the production of synthetic rutile. 


1 Physical scientist, Division of Nonferrous 
Metals. 


Table 1.—Salient titanium statistics 


1965 1966 1967 1968 1969 
United States: 
Ilmenite concentrate: 
Mine shipments. ..... -short tons.. 948,882 868 , 436 882,414 960,118 898 , 084 
Wine thousands 518, 058 $17,608 I ,519 19,484 18,636 
Imports. ............- short tons.. 166,815 186,539 07,9 6,109 16,574 
Consumption.............- do.... 923,804 962,706 919,206 959,558 1, „230 
Titanium slag: Consumption . do.... 148,184 182,283 122,926 142,168 188,558 
Rutile concentrate: ! 
Imports do.... 151,748 151,482 167,100 174, 366 204,907 
Consumption do.... 117,876 185,888 158 , 457 160,278 185, 702 
Sponge metal: 
mports for consumption do 8,184 5,225 1,144 8, 6,382 
SE FEE do 12, 105 19,677 20,062 14,287 20,124 
ce: Dec; 31, per pound $1.82 $1.82 $1.82 $1.32 $1.82 
World: Production 
Ilmenite concentrate short tons.. 2,705,425 2,886,987 8,086,517 8,261,684 8,580,745 
Rutile concentrate.............. do. 245,259 275,198 810,752 888,547 414,429 


! Mine shipments withheld to avoid disclosing individual company confidential data. 
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DOMESTIC PRODUCTION 


Concentrates.—Production of ilmenite 
concentrate was 931,000 tons, 5 percent less 
than that in 1968. Producers were E. I. du 
Pont de Nemours & Co., Inc., Starke and 
Highland, Fla; Humphreys Mining Co., 
Folkston, Ga: SCM Corporation, Glidden- 
Durkee Division, Lakehurst, NI: National 
Lead Co., Tahawus, NN: and American 
Cyanamid Co., Piney River, Va. No domes- 
tic production of rutile concentrate was re- 
ported. 

Metal.—Production of titanium sponge 
was 33 percent higher than that in 1968. 
The producing companies were Titanium 
Metals Corporation of America (TMCA), 
Henderson, Nev., owned by National Lead 
Co. and Allegheny Ludlum Steel Corp.; 
Reactive Metals, Inc, Ashtabula, Ohio, 
owned by National Distillers & Chemical 
Corp. and United States Steel Corp.; and 
Oregon Metallurgical Corp., Albany, Oreg., 
partly owned by Armco Steel Corp. and 
Ladish Co. The sponge-production capacity 
of the three plants was about 20,000 tons 
per year. 

Production of titanium ingot, including 
alloys, was 28,500 tons, an increase of 48 
percent over 1968 production. Nine compa- 
nies that produced titanium ingot from 
sponge metal and scrap are as follows: 


Company Plant location 

Crucible Steel Company of 

America . NN e Midland, Pa. 
G. O. Carlson, Ine Niles, Ohio 
Harvey Aluminum, Ine Torrance, Calif. 
Howmet Corr Whitehall, Mich. 
Oregon Metallurigal Corp ....... Albany, Oreg. 
Reactive Metals, Ine Ashtabula, io 
Teledyne Titanium, Inc .........- Monroe, 
Titanium Metals Corporation of 

America Henderson, Nev. 
Titanium West, Ine 2222 Reno, Nevada 


Pigment.— The gross weight of titanium 
dioxide (TiOz) pigment produced domesti- 
cally was 1 percent greater than that of 
1968, with the average TiO content of the 
rutile-, anatase-, and composite-type pig- 
ments being slightly higher than in the 
previous year. Rutile-type pigment, pro- 
duced by all eight pigment companies, 
again was about 60 percent of the total on 
a TiO content basis. Most of the remain- 
der was anatase-type pigment, produced by 
five companies, and composite-type pro- 
duced by one company. 

Companies producing titanium pigments 
and plant locations are as follows: Ameri- 
can Cyanamid Co., Piney River, Va., and 
Savannah, Ga.; American Potash & Chemi- 
cal Corp. a subsidiary of Kerr McGee 
Corp. Hamilton, Miss; Cabot Titania, 
Inc, wholly owned subsidiary of Cabot 
Corp., Ashtabula, Ohio; E. I du Pont de 
Nemours & Co., Inc., Edge Moor, Del., An- 
tioch, Calif., and New Johnsonville, Tenn.; 
National Lead Co., St. Louis, Mo., and 
Sayreville, N.J.; New Jersey Zinc Co., con- 
trolled by Gulf & Western Industries, 
Gloucester, NI: PPG Industries, Inc., Na- 
trium, W. Va.; and SCM, Glidden-Durkee 
Division, Baltimore, Md. 

Welding Rod  Coating.—A total of 
256,000 tons of welding rods, containing ti- 
taniferous materials in their coatings, was 
produced. Of the total output 51 percent 
contained rutile; 16 percent, ilmenite; 18 
percent, a mixture of rutile and manufac- 
tured titanium dioxide: 9 percent, manu- 
factured titanium dioxide: and 6 percent, 
miscellaneous mixtures and titanium slag. 


Table 2.— Production and mine shipments of titanium concentrates 1 
from domestic ores in the United States 


Production 
Year (short tons, 
gross weight) 

ENER 969 , 459 
EE 965,878 
ff! —— — o 935,091 
1968 eene tu 978,609 
! ³ĩ KA 931,247 


Shipments 
Short tons TiO: content Value 
(gross weight) (short tons) (thousands) 
948,882 494,353 $18,058 
868,436 451,182 17,608 
882,414 468 , 286 18,519 
960,118 506,260 19,484 
893, 084 480,918 18,686 


1 Includes a mixed product containing rutile, leucoxene, and altered ilmenite. Production of rutile concen- 
trate in the United States was discontinued in 1968; data for previous years are withheld to avoid disclosing 


individual company confidential data. 
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Table 3.—Titanium-metal data 
(Short tons) 
1965 1966 1967 1968 1969 

Sponge metal: 

Imports for consumption. ...................- 8,184 5,225 T,144 8,448 6,882 

Industry stock 900 800 2,900 2,600 1,900 

Government stocks (DPA inventories). ) 22,889 21,416 20,711 20,711 20,885 

Consumption. n — ae A 12,105 19,677 20,062 14,287 20,124 
Serap-metal consumption ....... 8,8908 4,857 5,822 4,701 7,566 
Ingot: 1 

Produetion....... .. . . .. .............-..-.-.-.. 15,294 24,258 25,960 19,284 28,490 

Consumption 14, 694 22,817 25,886 18,823 21,082 
Net shipments of mill products ?.................- 9,858 13,996 18,684 11,900 15,940 


1 Includes alloy constituents. 


3 Bureau of the Census and Business and Defense Services Administration, Current Industrial Reports 
Series BDSAF-268. Net shipments are derived by subtracting the sum of producers' receipts of each mill 
shape from the industry's gross shipments of that shape. 


Table 4.—Titanium-pigment data 


(TiO: content) 
Shipments ! 
Year Production 
(short tons) Quantity Value, f.o.b. 
(short tons) (thousands) 
1965. 576, 700 673,091 3298, 868 
19668. 594, 486 593,938 808,902 
1967. 589, 449 582, 825 297,288 
1968...... r 623,691 632,106 828,216 
1969. p 651,628 NA NA 
p Preliminary. r Revised. NA Not available. 
1 Includes interplant transfers. 


Source: Bureau of the Census. 


CONSUMPTION AND USES 


Metal.—Consumption of titanium sponge 
was 20,100 tons, up 41 percent from that 
of 1968. Shipments of titanium mill prod- 
ucts were a record 16,000 tons, up 34 per- 
cent from 1968 shipments. 

Although demand for titanium is in- 
creasing for nonaerospace uses, aerospace 
applications used approximately 90 percent 
of the metal consumed, and demand for 
use in the Boeing 747, Lockheed L-1011, 
and McDonnell-Douglas DC-10 consumed 
approximately 50 percent of mill products 
in 1969. 

In nonaerospace applications, titanium 
was used in the chemical industry, where 
its strength and corrosion resistance are 
dominant characteristics. À new cathodic 


protection system developed by Engelhard 
Minerals and Chemical Corp. uses plati- 
num-coated titanium electrodes to impress 
a current to inhibit corrosion of steel pip- 
ing systems on oil tankers and other ma- 
rine vessels. 


Battelle Memorial Institute proposed a 
2-year research program to investigate the 
engineering-design properties of Ni- 
tinol-55, a nickel-titanium alloy known. as 
the "alloy with a memory." Although the 
unique characteristic of this material to re- 
turn to an earlier configuration under a 
slight temperature change was discovered 
nearly 10 years ago, few uses have been 
found. 
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Table 5.—Consumption of titanium concentrates in the United States, by products 


(Short tons) 
Ilmenite ! Titanium slag 
Year and product Gross TiO; Gross TiO: TiO: 
weight content weight content content 
(estimated (estimated estimated) 
19888. 923, 304 483, 002 148, 184 105,483 118,017 
S AA — 962,706 507,379 182, 288 98,688 130,191 
1901... 8 919,206 488,286 122,926 86,945 147,158 
1968: 
Pigments 957,114 509,018 142,168 100,591 108, 544 
Titanium metal... .d (3) 
Welding-rod coatings. (2) T.. | eee 20,409 
Alloys and carbide... 2,097 1,183 (3) (š) 659 
Ceramics............ (2) OO C uus ` epes (4) 
Glass fibers... o. Soke tee, eiss sanen (2) 
Miscellaneous 847 77770000 “Lus 28, 988 
Total. 227232 959,558 510,358 142,168 100,591 158 , 600 
1969: 
Pigments............ 1,000,874 540, 403 188,553 98,075 124,811 
Titanium metal. ....  J.......  ......-  L...---- ^ 2.22222 (3) 
Welding-rod coatings. 843 208 (3) (š) 20,987 
Alloys and carbide... _ 1,963 1,106 (2) (š) (3) 
Ceramioaess (3) „%) Qoa 451 
Glass fibers 6 „„ (2) 
Miscellaneous 50 30 eee — eui 81,984 
Otel uyo sus uo: 1,008,280 541,747 188 , 553 98,075 178,188 
! Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 
2 Included with **miscellaneous" to avoid disel dividual company confidential data. 
3 Included with “pigments” to avoid disclosing individual company confidential data. 
* Included with *'alloys and carbide" to avoid disclosing individual company confidential data. 
Table 6.— Distribution of titanium-pigment shipments, by industries 
(Percent) 
Industry 1965 1966 1967 1969 
Distribution by gross weight: 
Paints, varnishes and lacquers. __ _ _ 62.9 61.6 61.9 58.5 
a EE 12.6 18.9 14.6 17.0 
Floor covering. 8.6 8.4 2.7 2.8 
RUD DCF oo oat otc eee 4.2 4.2 2.8 2.6 
Coated fabrics and textiles (oil cloth, 

shade cloth, artificial leather, 

[1^ ecc 1.4 1.4 1.4 1.8 
Printing ink 1.8 1.9 2.0 2.8 
Roofing granules. ...............- 1.8 1.2 1.1 .9 
Ceramics.......................- 1.5 1.7 1.9 2.0 
Plastics (except floor covering and 

vinyl-coated fabrics and textiles). 8.6 8.8 5.1 6.2 
Other (including export)........... 7.1 6.9 6. 5 6.9 

/ ²·˙A 100. 0 00.0 100.0 00.0 

Distribution by titanium dioxide content: 
Paints, varnishes, and lacquers. - - - - 57.4 56.4 57.5 54.8 
Panel ee 15.2 16.7 17.2 19.5 
Floor covering 4.8 8.9 8.1 2.6 
Rubber. ...--------------------- 5.0 4.9 3.2 8.0 
Coated fabrics and textiles (oil eloth, 

shade cloth, artificial leather, 

e 1.6 1.6 1.6 1.4 
Printing ink 2.1 2.2 2.8 2.6 
Roofing granules. ................ 1.7 1.5 1.4 1.1 
Ceramieg. 1.8 2.1 2.2 2.4 
Plastics (except floor covering and 

vinyl-coated fabrics and textiles) 4.8 4.6 6.0 7.1 
Other (including export)........--- 6.6 6.1 5.5 6.0 

S ³˙’Üw u 100. 0 100.0 100.0 00.0 
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STOCKS 


Industry stocks of rutile decreased 15 
percent to 184,000 tons, equivalent to 
about 1 year's supply at the 1969 consump- 
tion rate. Ilmenite inventories decreased 5 
percent, and stocks of titanium slag de- 
creased 19 percent. Yearend sponge-metal 
stocks of producers and melters were 1,908 


tons, 27 percent less than beginning stocks. 
Titanium scrap held by melters and fabri- 
cators was 4,727 tons compared with 4,434 
tons at the end of 1968. Stocks of compos- 
ite and pure titanium dioxide held by 
producers at yearend were 100,850 tons, up 
7 percent from the first of the year. 


Table 7.—Stocks of titanium concentrates in the United States, Dec. 31 


(Short tons) 
Ilmenite Titanium slag Rutile 
Year and stock Gross TiO: Gross TiO: Gross . TiO: 
weight content weight content weight content 
(estimated) (estima (estimated) 
1968: | 
V 0) . O o 
Distributor. ............... r 209,018 1130,73 17,142 16,454 
Consumer 682, 000 373, 350 119, 746 84,748 201,875 198 ,888 
TOlM zu coz uu u zu r 891,018 r 504,087 119, 746 84,748 218,517 209, 842 
1969: 
Mine... ... er EI ESPERE (1) J cece. ë TTT C 
Distributor. ............-.- 247, 229 146, 228 (2) (2) (2) (2) 
Consumer 600,010 830,515 108 , 788 78,550 184,086 177,248 
Ol ose nue ERES 847,289 476,788 103,738 78,650 184,086 177,248 
t Revised. 
1 Included with “distributor” to avoid disclosing individual company confidential data. 
2 Included with “consumer” to avoid disclosing individual company confidential data. 
PRICES 
Concentrates.—Prices for ilmenite re- pound. Quotations on other pigment 


mained the same as those in 1968. Domestic 
ilmenite with 60 percent titanium dioxide 
(TiOg) content was quoted at $30 to $35 
per short ton. Imported ilmenite contain- 
ing 54 percent TiOg, f.o.b. Atlantic ports, 
was quoted at $20 to $21 per long ton of 
contained TiOz. The quoted price for im- 
ported rutile (96 percent TiO?) rose in 
several steps from $125 to $160 in August, 
where it remained at yearend. Titanium 
slag (70 percent TiOg) was raised to $45 
per long ton. 

Manufactured Titanium Dioxide.—The 
basic price of anatase grades of titanium 
dioxide pigment was raised 1 cent per 


grades remained the same. Yearend quota- 
tions from Oil, Paint and Drug Reporter 
were as follows: 


Price per 
pound 
Anatase, chalk-resistant, regular and 
ceramic: 
Carlots, delivered. .............. $0.265 
Less than carlots, delivered. .270 
Rutile, nonchalking, bag 
Carlots, 20 tons, delivered East... . 285 
Less than carlots, delivered East.. .295 
Titanium pigment, calcium-rutile base: 
80 percent TiO», bags: 
Carlots, 20 tons, delivered .09375 
Less than carlots, delivered... .09875 
50 percent TiOs, bags: 
Carlots, 20 tons, delivered . 14875 
Less than carlots, delivered . 14876 
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FOREIGN TRADE 


Metal and alloy sponge and scrap ex- 
ports increased slightly from those in 1968. 
Intermediate mill shapes and mill-product 
exports increased 44 percent in quantity 
and 22 percent in value. The United King- 
dom received 64 percent of the metal and 
alloy sponge and scrap. Canada was the re- 
cipient of 52 percent of the intermediate 
mill shapes and wrought alloys; West Ger- 
many received 28 percent. 

U.S. exports of ores and concentrates de- 
creased from 4,200 tons in 1968 to 1,400 
tons in 1969. Exports of dioxide and pig- 
ments decreased 19 percent. 

U.S. imports for consumption of tita- 
nium metal increased 84 percent in quan- 


tity and 60 percent in value. Over 70 


percent of imports originated in Japan, 13 
percent came from the U.S. S. R., and 10 
percent came from the United Kingdom. 
The value per pound of imports was $0.82 
compared with $0.92 in 1968 and $0.89 per 
pound in 1967. Imports for consumption 
of wrought titanium were 273 tons, princi- 
pally from Canada and Japan. 

Imports of titanium slag from Canada 
increased. 43 percent, and imports of il- 
menite from Australia decreased 37 percent 
from those in 1968. Imports of rutile from 
Australia increased 3 percent. Imports of 
rutile from Sierra Leone were 26,400 tons, 
up from 1,300 tons in 1968, when dredging 
difficulties interfered with production. 


Table 8.—U.S. exports of titanium products, by classes 


Metal and alloy 
sponge and scrap 


Ores and concentrates 


Intermediate mill 


shapes and mill Dioxide and pigments 


Year products, n.e.c. 
Short Value Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) tons thousands) 
1967_______ 8,027 $167 1,429 $1,708 1,812 $13,366 25,852 $7,165 
1968_______ 4,288 276 2,756 1,748 1,228 7, 575 30, 188 8,227 
1969. 1,424 183 2,802 1,986 1,773 9, 206 24, 507 7,510 


Table 9.—U.S. imports for consumption of titanium concentrates, by countries 


1967 1968 1969 
Country 
Short tons Value Short tons Value Short tons Value 
(thousands) (thousands) (thousands) 
Ilmenite: 
Australia 60, 689 3524 45,196 $380 28,524 $371 
Canada !......... 147,216 4,621 200,913 4,787 288,050 8,536 
Other countries 1 )!!!! d ea 
Total 207, 906 5, 145 246,109 5,167 816,574 8,907 
Rutile: 
Australia 153, 768 11,029 171, 847 12, 508 176, 550 14,278 
Sierra Leone 13,129 898 1,848 91 26 , 422 1,798 
Other countries 208 16 1,171 54 1,985 141 
Total. 167, 100 11,943 174,866 12,653 204,907 16,207 


1 Chiefly titanium slag averaging about 70 percent TiO: 


2 Less than Le unit. 


Table 10.—U.S. imports for consumption of unwrought titanium and waste and scrap 


1967 
Country 
Short tons Value 
(thousands) 
Canada................- 168 $595 
France... 8 1 17 
Germany, West 8 27 
Haly. ctos 1 28 
Japan. 4, 585 8,809 
Netherlands 26 53 
Sweden 11 19 
CCC cu ¿uu Lu Z E. 1,318 1,862 
United Kingdom 1,022 1,888 
Total. 2 cree 7,144 12,738 


1968 1969 
Short tons Value Short tons Value 
(thousands) (thousands) 

epa x 214 3188 
(ij 3 Wee Ce 9 
25,466 4.574 4,591 7.611 

MADRE 23 
421 550 886 1,817 
317 548 655 1,267 
8,443 6,352 6,332 10,848 


1 Less than 1⁄4 unit. 


TITANIUM 


1087 


WORLD REVIEW 


Australia.—Exploration and development 
activity continued at a high level in beach 
sand heavy mineral deposits on both the 
east and west coasts. Cable (1956) Ltd. 
was reported to have discovered a commer- 
cially viable deposit at Lake Logue about 
200 miles north of Perth. Offshore work 
continued on subsea deposits adjacent to 
southern Queensland and northern New 
South Wales. | 

Consolidated Rutile Ltd. is believed to 
have increased its reserves of rutile to 
nearly 1 million tons on North Stadbroke 
Island and is planning to produce 38,000 


tons of rutile and 32,000 tons of zircon an- 
nually. 

Western Titanium N.L. and the Com- 
monwealth Scientific and Industrial Orga- 
nization (CSIRO) continued pilot plant 
production of synthetic rutile from ilmen- 
ite. Several thousand tons containing over 
90 percent titanium dioxide has been pro- 
duced and accepted by overseas pigment 
manufacturers accustomed to using rutile. 
Western Titanium plans to build an $8 to 
$10 million plant with a synthetic rutile 
capacity of 100,000 tons per year. 


Table 11.—World production of titanium concentrates (ilmenite and rutile) by countries 


(Short tons) 
Country ! 1967 1968 1969 » 
Ilmenite: 

Australia (shipments) 2.___ ...............- r 610,308 622,681 785,065 
!öÄ;— ̃½ Üæ 8 16,498 19,710 19, 842 
Canada (titanium slag)⸗ h . 602, 455 672, 867 749,281 
%%%%§öÜ˙? i] x ĩͤ . s SS. e E 58, 578 82, 238 91,828 
Pinlend WEE 189,883 154,823 152,339 
Al,! ³⅛³ AA A MÀ 45, 840 64,788 56,708 
Japan (titanium slag) zzz 6,298 4,624 5,617 
Malagasy Republic. ....................... // eR ‘seeecaees 
Malaysia (export 100,096 188,698 148,300 
Nee ⁸⁰ me e aE r 469,096 471,083 540,903 
Portugal... e cece cs 590 610 220 
Sierra Leone.........--------------------- 7,716 8,025 10,808 
SPS. Sen nado ]oꝛ·⸗ . A m.. d e r 40,865 43, 583 44,092 
United Arab Republic...................... 1,171 NA NA 
United States... 222 22 cL... 985,091 978,509 981,247 

r uu ³ A ECCE SEIL r 8,086,517 8,261,684 8,530,745 

Rutile: ? 

Australlá: sou ³ ³ g eco E exiis r 297,876 828,608 896,080 
Eeer r 821 126 110 
Eeer, E 1,270 1,213 
CT TEE 2,798 2,961 2,751 
Sierra Leone r 10,251 10, 582 14, 275 
United Arab Republic I— — 6 NA NA 

lr ³ðͤ 8 r 810,752 338, 547 414, 429 

p Preliminary. r Revised. NA Not available. 


1 Titanium concentrates are produced in U. S. S. R., but no reliable figures are available. 


2 Includes small quantities of leucoxene concentrates. 
s Production—Comissao Nacional de Energia Nuclear only. 


4 Containing approximately 70—72 percent TiO». 


5 Includes a mixed product containing ilmenite, leucoxene, and rutile. 


6 Total is of listed figures only. 


7 Production for the United States withheld to avoid disclosing individual company confidential data. 
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Table 12.—Australia: Exports of 
ilmente and rutile concentrates, 
by countries 


(Short tons) 
Destination 1967 1968 1969 » 
ILMENITE 

Francde 90,674 184,685 128,895 
Germany, West 1) : 56,741 
Japan 69,272 75,501 127,869 

Spain 7 11,421 (1) 
nited Kingdom..... 186,704 173,144 258,665 
United States 54,451 33,599 41,091 
Other countries 29,248 12,268 26,741 
Total. 480,416 443,420 634, 502 

RUTILE 

Canada 5,419 26, 649 2,993 
France............. „782 , 668 6,061 
Germany, West 11,443 7,865 10,995 
pn „918 34, 287 32,381 
Netherlands 21,084 18,325 24, 363 
United Kingdom 17,862 18,572 34, 778 
United States 146,021 164,528 168, 386 
Other countries. 46,422 39,300 55, 105 
Total. 289,846 319,194 335,007 


p Preliminary. 

! Included with “Other countries." 

France.—Société des Fabriques de Pro- 
duits Chimiques de Thann et Mulhouse 
announced plans to increase production ca- 
pacity at its titanium dioxide plants at 
Thann and Le Havre. The capacity of the 
plant at Thann will be increased from 
14,000 to 18,000 tons per year, and the Le 
Havre plant will be increased from 36,000 
to 56,000 tons per year. Both plants will 
continue to employ the sulfate process. 

British Titan Products wholly owned 
French subsidiary Trioxide S.A. announced 
plans to double the capacity of its sulfate- 
process titanium dioxide plant at Calais to 
60,000 tons per year in 1971. 

Germany, West.—The new titanium 
dioxide plant at Nordenham on the left 
bank of the Weser estuary was inaugurated 
in July. The plant was erected by Titange- 
sellschaft m.b.H. of Leverkusen, a wholly 
owned subsidiary of National Lead Com- 
pany. The plant will produce 36,000 me- 
tric tons of titanium dioxide annually. In- 
vestment in the plant was reported to be 
$27.5 million. 

India.—A Calcutta company in coopera- 
tion with American, Canadian, French, and 
Japanese interests announced that recently 
discovered "unlimited quantities" of ilmen- 
ite sands in Kerala will be exploited. Op- 
erations will begin within a year. The 
present production of about 40,000 tons 
per year of ilmenite will be enhanced by 
construction of a new "dry" plant to pro- 
duce 100,000 tons per year of ilmenite. 
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Italy.—Italy's requirements of ilmenite 
for titanium dioxide pigment production 
will rise to 250,000 tons per year in the 
early 1970's from the present consumption 
of 100,000 tons per year. The only present 
pigment producer is Montecatini-Edison 
SpA whose two plants have a combined ca- 
pacity of 60,000 tons of titanium dioxide 
per year. The company's capacity will be 
almost doubled when the new 55,000-ton- 
per-year plant at Searlino, Grosseta Prov- 
ince, is completed before the end of 1971. 
Società Italiana Resine (SIR) is building a 
20,000-ton-per-year titanium dioxide plant 
at Porto Torres, Sardinia, which is ex- 
pected to start production in 1973. 

Japan.—Japan’s total production of tita- 
nium sponge by two producers, Osaka Ti- 
tanium Co. Ltd. and Toho Titanium Co., 
Ltd., was 7,100 short tons. Titanium slag 
production by Hokuetsu Metal Co. the 
only producer now operating, was 5,600 
short tons. The major producer of tita- 
nium dioxide pigments, Ishihara Sangyo 
Kaisha, expects to be able to produce 
90,000 tons of titanium dioxide annually 
by mid-1970 via the sulfate process. It is 
considering construction of a 36,000-ton- 
per-year unit using the American Potash 
process. Sakai Chemical Co. is increasing 
capacity 30 percent and expects to be pro- 
ducing 36,000 tons per year by mid-1971. 

Nippon Soda Co. (NISO) and Tejjin 
announced a joint venture to produce tita- 
nium sponge by a proprietary, one-step, so- 
dium-reduction process. The project, which 
is expected to cost about $5.6 million, is 
expected to start production in late 1970 
with a capacity of 2, 500 tons per year. 


Table 13.—Malaysia: Exports of 
ilmente by countries 


(Short tons) 

Destination 1967 1968 1969 
Japan r 100, 038 138,472 » 144, 200 
Netherlands. 223 NA 
Singapore 2 3 NA 
United Kingdom 58 NA 

Total r 100, 096 138,698 146,153 
e Estimate. r Revised. NA Not available. 


New Zealand.—Interest continued in de- 
veloping projects to produce ilmenite from 
beach sand deposits. Adaras Developments 
investigated deposits north of Wanganui, 
North Island, on behalf of Marcona Devel- 
opments, Ltd. a subsidiary of Marcona 
Corp. 
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Norway.—National  Lead's Norwegian 
mining subsidiary, A/S Titania announced 
the installation of new crushing and bene. 
ficiation facilities at its underground mine 
at Tellnes, near Hauge i Dalane, to in- 
crease production of ilmenite concentrates 
to 500,000 tons per year. The mine has 
been operating at capacity to meet the de- 
mand from National Lead's West German 
subsidiary Titangesellschaft m.b.H. About 
50,000 tons of ilmenite are consumed an- 
nually by Titan Co. A/S, another National 
Lead subsidiary, which operates a 15,000- 
ton-per-year sulfate-titanium dioxide pig- 
ment plant at Fredrikstad. 

Sierra Leone.—Sherbro Minerals, Ltd., 
owned 80 percent by PPG Industries Inc. 
and 20 percent by British Titan Products 
Co. Ltd. is modifying its operations to 
bring production up to a capacity of 
100,000 tons of rutile per year. A surface 
mining operation to supplement dredge 
production has been started. 

South Africa, Republic of.—Additions to 
the titanium dioxide plant of South Afri- 
can Titan Products (Pty) Ltd. at Umbog- 
intwini in Natal have increased capacity 
by about 50 percent to 21,000 tons per 
year of titanium dioxide. The only produ- 
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cer in South Africa, the company is con- 
trolled by British Titan Products Co., Ltd., 
which owns 60 percent. 

United Kingdom.—Construction was 
completed at Laporte Industries Ltd. 
(LIL) titanium dioxide plant, which uses 
the chloride process to produce at a capac- 
ity of 40,000 tons per year. Present capaci- 
ties of titanium dioxide plants in the 
United Kingdom are as follows: 


Process and capacity 
Company and plant (tons per year) 
location —M— 
Sulfate Chloride 


British Titan Products Co. 


Ltd.: 
Billinghgamm 25, 000 2,000 
Greatham.............-.  ...... 80,000 
Grimsby - 85,000 . ...... 
Laporte Industries Ltd.: 
Stallingborough......... 55,000 40,000 


Yugoslavia.—The Yugoslav zinc producer 


“CINKARNA” reportedly started construc- 
tion on the country's first titanium dioxide 
pigment plant. The sulfate-process plant 
will have a capacity of 20,000 tons per 
year of titanium dioxide. Ilmenite require- 
ments may be imported from the United 
Arab Republic. The new plant should 
start producing during the latter half of 
1970. 


TECHNOLOGY 


In view of the worldwide shortage of ru- 
tile reserves compared to the abundance of 
other titanium minerals (principally il- 
menite) and the resulting difference in 
value between rutile and ilmenite, the 
principal research and development efforts 
were directed toward beneficiation of il- 
menite to produce synthetic rutile. 

Murphyores Inc. Pty. Ltd. and the Com- 
monwealth Scientific Industrial Research 
Organization (CSIRO), Division of Min- 
eral Chemistry, Port Melbourne, Australia, 
demonstrated the feasibility of upgrading 
ilmenite to produce synthetic rutile in a 
pilot plant.2 The iron oxide in the ilmen- 
ite is reduced to a lower oxide by hydro- 
gen and leached with hydrochloric acid to 
leave a residue containing 96 or 97 percent 
titanium dioxide. The synthetic rutile is 
stated to be equal or superior to natural 
rutile. A similar process was described by 
Egyptian scientists? using ilimenite from 
Nile River deposits. 

Three U.S. patents covering methods of 
upgrading ilmenite were issued and as- 


signed to National Lead Co. The first* de- 
scribes a process in which the ore concen- 
trate is reduced with hydrogen gas at a 
relatively low temperature. The reduced 
material is cooled and separated into mag- 
netic and nonmagnetic fractions. The mag- 
netic fraction is leached with dilute sul- 
furic acid to dissolve the iron and generate 
hydrogen gas, which is recirculated to the 
reduction step. The leached concentrate is 
washed to remove the bulk of the iron im- 
purty. The second5 describes a process in 
which the ilmenite ore is first roasted to a 
ferric-ferrous iron ratio of up to 20. The 
roasted ore is reduced with hydrogen, the 

3 Steel. Ilmenite Converts to Synthetic Rutile. V. 
164, No. 10, Mr 10, 1969, p. 52g. 

3 Zein, F. M., and M. A. Mandil. W of 
Egyptian Ilmenite. Min. and Miner. Eng., v. 5, 

4, July 1969, pp. 43-46. 
* Michal, E. J., and A. E. Nilsen. Processing 


Ore of the Beach Sand Type To Obtain a 
Chlorination Feed Material. U.S. Pat. 3,446,590, 
May 27, 1969. 

5 Aramendia, M. M., and D. L. Armant. Pro- 
duction of Titanium Dioxide Concentrate From 
Mere Ilmenite Ore of the MacIntyre Type To 

a Chlorination Feed Material. U.S. Pat. 
3,457 037, July 22, 1969. 
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gangue is removed from the metalized con- 
centrate, the  metalized concentrate is 
leached with a mineral acid, the leached 
concentrate is washed free of solubilized 
iron and magnesium, and the resulting ti- 
tanium dioxide concentrate is heated to 
drive off water and residual acid. The 
third patente describes a leaching method 
in which metalized ore is fed into the top 
of a leaching tower. Acid is introduced at 
the bottom. The leached ore is claimed to 
be suitable for use in the production of ti- 
tanium tetrachloride. 

The Bureau of Mines continued research 
on recovery of rutile from phosphate flota- 
tion tailings and sand and gravel washing 
operations in the southeastern States. Bu- 
reau of Mines researchers described a 
method for recovering metal values from 
wastes generated by commercial titanium 
chlorination operations? and a method for 
induction-melting of titanium in a water- 
cooled split copper crucible.5 Bureau of 
Mines researchers authored two chapters 
on titanium metallurgy in a major refer- 
ence publication.9 

Kobe Steel, one of Japan's leading tita- 


s Honchar, A. P. 
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nium-milling companies, announced devel- 
opment of two new automotive alloysio 
The first is designed for use in valves. It is 
designated Ks 155 ASZ and contains 82 
percent titanium, 5 percent aluminum, 5 
percent tin, 5 percent zirconium, and 1 
percent iron. The second, for use in other 
parts such as valve lifters and connecting 
rods, is designated Ks 130 ACF and con- 
tains 92 percent titanium, 5 percent alumi- 
num, 2 percent chromium, and 1 percent 
iron. 


Process and Apparatus for 
Leaching Metallized Ilmenite Ore With Sulfuric 
Acid in an Upright Leaching Tower Having a 
Distinct Upper Rough-Leaching Section. U.S. Pat. 
3,468, 633, Sept. 23, 1969. 

7 Merrill, C. W., M. M. Wong, and D. D. Blue. 
Beneficiation of Titanium Chlorination Residues; 
Preliminary Study. BuMines Inf. Circ. 7221, 
1969, 7 pp. 

8 Clites, P. G., and R. A. Beall. Inductoslag 
Melting of Titanium. BuMines Inf. Circ. 7268, 
1969, 20 pp. 

? Baker, Don H. Titanium Electrorefining. Ch. 
in High Temperature Refractory Metals. Gordon 
and Breach Science Publishers, Ltd., London, v. 
1, 1969, pp. 223-233. 

Henrie, T. A. Extractive Metallurgy of Titan- 
ium. Ch. in work 9 above, pp. 184—154. 

eos Week. V. 41, No. 4, Jan. 26, 1970. 
p: ° 


Tungsten 


By Richard F. Stevens, Ir. 


The tungsten industry saw considerable 
activity during 1969 when over 38 million 
pounds of contained tungsten were re- 
leased from the General Services Adminis- 
tration (GSA) stockpile. Although the do- 
mestic price of tungsten remained 
stabilized during the year as a result of 
the GSA fixed-price disposal program, the 
quoted European price rose to almost $70 
per short-ton unit at yearend as exports 
from China (mainland) were discontinued. 
Substantial amounts of the tungsten pur- 
chased from GSA by traders were exported 
to Western and Eastern European coun- 
tries to fill the supply deficit caused by the 
withdrawal of shipments of Chinese tung- 
sten. This resulted in the United States 
becoming for the first time, a net exporter 
of tungsten concentrate instead of being as 


before, a net importer. The position of the 
U.S. as a net exporter is expected to con- 
tinue for a few years. Although the resump- 
tion of Chinese tungsten exports could 
cause a situation of oversupply, it is not 
thought that this temporary supply im- 
balance would be serious enough to cause 
a significant and prolonged price decrease. 

Domestic demand for tungsten in 1969 
rose 18 percent while mine production, as 
measured by mine shipments, decreased 8 
percent. As a result of the stabilized tung- 
sten market, the growing demand, and the 
favorable price, both domestic and foreign, 
several mines were opened or reopened. 
Reportedly, most of the first year’s output 
of these mines was already committed. 


1 Metallurgical engineer, Division of Ferrous 


Metals. 


Table 1.—Salient tungsten statistics 


(Thousand pounds of contained tungsten) 


United States: 
Mine pGroduetiopn .--.--.--.----------------- 
Mine shipment“. 
Releases from Government stocks 
poll hee Cees eee 
Imports, general____-..--...------.---.----- 
Imports for consumption 
Consumption of concentrate 
Stocks: 
Produce? eege tee 
Consumer and dealer... 
World: 


r Revised. 


1965 1966 1967 1968 1969 
W r 8,167 r 8,397 7.439 
7,566 r 8,482 8,649 10,188 9,405 
926 8,279 6,393 3,225 38,814 

11 101 974 628 7,152 

3,495 4,203 2,004 1,824 i 

3,618 4,298 1,699 1,743 1,503 
13,868 18,058 13,860 11,088 18,053 
411 358 975 603 503 
1,434 1,582 1,134 574 1,066 
r 59, 632 763,085 62, 725 70, 425 72, 060 
60,634 65,441 62,628 64,778 71,227 


W Withheld to avoid disclosing individual company confidential data. 


! Estimated tungsten content. 


Legislation and Government Programs. 
—During the first 11 months of the year, 
GSA continued its tungsten concentrate 
disposal program and offered the concen- 
trate in the Defense Production Act 
(DPA) inventory, all of which had been 
declared to be excess, for sale as a "shelf" 
item on a unrestricted “first-come, first- 


scrve" basis. Sales continued to be made at 
$43 per short-ton unit, adjusted for prem- 
iums and penalties, and some 3714 million 
pounds of contained tungsten were re- 
leased through November. Most of this 
material was sold to traders who, taking 
advantage of the price differential between 
the U.S. and Western Europe, exported a 
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significant amount. Since the traders hold 
ownership of about an additional 25 mil- 
lion pounds, tungsten content, it is ex- 
pected that the U.S. will be a net exporter 
for the next few years. 

On December 5, 1969, the stockpile sales 
policy was amended to restrict the material 
sold for domestic consumption only. Subse- 
quently about 0.8 million pounds of 
wolframite was sold to domestic processors 
at the “shelf” price, as adjusted. Late in 
December, GSA announced the offering of 
an additional 2.4 million pounds, tungsten 
content, for domestic consumption. This 
material was sold at the $43 “shelf” price 
to domestic consumers in early January 
1970. Also in January, GSA announced 
that it would sell some 17 million pounds 
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of tungsten contained in concentrate on a 
sealed bid basis later in the year. This ma- 
terial was believed to represent the last of 
the tungsten material in the DPA inven- 
tory. 

Although bills had been introduced in 
February to provide the necessary congres- 
sional authorization for disposal of the 100 
million pounds of excess tungsten in the 
other Government stockpiles, very little ac- 
tion was taken by the Congress during 
1969 and the outlook for clearance of a 
disposal bill in 1970 appeared question- 
able. The companies which purchased the 
38.3 million pounds of excess tungsten 
during the year, all from the DPA inven- 
tory are listed below: 


Table 2.—U.S. Government tungsten stockpile releases in 1969, by company 


Company 


Associated Metals & Minerals 
Baldwin-Lima-Hamilton Corp., Standard Steel Division 
Brandeis Goldschmidt Co., Ine 
Columbia Tool Steel Coo 
CONMETALS I[lßnßnckbhbCEacied 
Continental Copper & Steel Corp., Braeburn Div 


Engelhard Minerals & Chemicals 


FFII!!! 88 
Firth Sterling —A Teledyne Coo 
General Electric Coo 


Kennametal, r n ͥ ⁰⁰yy ß uam ie 
Latrobe Steel «...... Se So ee 
Mercer h ³ as alse chal ne 
Metal Traders, ne. ~~ eee ee 
Molybdenum Corporation of America, (Molycorp)................ 
NORORE Corp) EE 
The Ore & Chemical Cord 
Philipp r ⁵³ðVb OST ege 
Reactive Metals, Ine 
Reactive Metals, PON eee by agent: 

Associated Metals & Minerals. 
Said Dass Kishen Chand Mera, Amripsar, India (AID contract) 
R. Sen & Co., Calcutta, India (AID contraet h 
STALCO International.___..__-..--_---___.-.---..-..----.--- 
Sylvania Electric Products, Ine .----------------2----------- 
C. Tennant Sons & c obobooooꝛ:ꝛ MMMM 
Titanium Metals Corporation of America—represented by agent: 

C. Tennant Sons & Co. ..  . eee 
Union Carbide Corp 
Universal Cyclops Corp., Specialty Steel Division_______ ---------- 
VASCO (Vanadium Alloy Steel Co.)—A Teledyne Company....... 
Wah Chang—A Teledyne Company. )) 


Total and average. ....................---.-. . 2.-l..-- 


Average 
Amount Dollar price per 
short-ton value short-ton 
unit unit 

„55 1,861 $76,237 $40.97 
V 784 29,67 40.48 
3 153, 261 6,319, 690 41.28 
1 9,8 80, 665 40. 68 
„ 124, 754 5, 137, 685 41.18 
5353 1. 100 „556 40.51 
drm EINS 8,657 847,818 40.12 
3 13,367 568, 894 42. 56 
„„ 2,7 109, 840 39.47 
FF 113, 595 4,849,756 42.69 
41,367 1,743,761 42.15 

9,184 380,963 41.48 

3,3 140,001 41.68 

500,243 20, 908, 808 41.80 

61,633 2,587,999 41. 18 

19,322 805,102 41.67 

3,100 128,429 41.43 

809,607 88,956,198 41.94 

18,719 575, 41.94 

124,498 5,118,098 41.11 

570 „187 42.85 

2,715 114,220 42.06 

16,912 714,247 42.23 

89,780 1,708,613 42. 95 

154, '988 6,471,319 41.76 

83,017 8,486,493 42.00 

43,849 1,751,178 89.94 

7,629 2,092 42.22 

4,018 172,423 42.97 

46, 488 1,926,003 41.43 

2,415,462 100,849,887 $41.75 
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Table 3.—U.S. Government tungsten stockpile materials inventories and objectives 
(Thousand pounds, tungsten content) 


Inventory by program Dec. 81, 1969 


Material Objective National Supple- Total 
(strategic) DPA mental 
stockpile inventory! stockpile 
ten ore and concentrate: 
tockpile grade 85,785 78,750 84,945 8,804 111,999 
Nonstockpile grade. ................... ....... 40,485 , 569 1,158 207 
Total inventory. .......- F 114,285 48 ,614 4,457 162 , 206 
Ferro ten: 
pile grade 1,800 98s 988 
Nonstockpile grade C/ 1,208 
Total inventor  .....-. 2, 141 Seis — seeeeecu 2,141 
Tn metal powder, hydrogen reduced: 
tockpile grade 1,600 1:196 ial Woeecce 1,196 
Nonstockpile grade... 1 8 102 
Total inventory/ / 1:298. / ee 1,298 
Tungsten metal powder, carbon reduced: 
Stockpile grade d. 500 5AT ` ` che, ð 2 de 547 
Nonstockpile grade JJ 171 
Total inventor ...............-.-- --.-.-..-- 418. "lit ë eee 718 
Tungsten carbide powder: 
Stockpile grade 2,000 842 — ......- 1,080 1,922 
Nonstockpile grade 13 uot tse 118 
Total inventor / /  -..-.-- 95b — ------- 1,080 2,085 
Tungsten carbide, crystalline: 
tockpile grade. ...................... lh ( Jesus 


1 Over 61 percent of this material represents tungsten sold by GSA in 1969 but not physically transferred 


from Government storage sites at yearend. 


DOMESTIC PRODUCTION 


Ore and Concentrate.—In 1969 tungsten 
mine production continued to be stimu- 
lated by the relatively high and stabilized 
prices which resulted from the Govern- 
ment's continuing fixed-price stockpile dis- 
posal program. During the year, domestic 
production, as measured by mine ship- 
ments, decreased 8 percent. While 42 
mines reported production and/or ship- 
ments of tungsten concentate in 1969, only 
two mines operated throughout the year: 
the Pine Creek mine and mill of the Min- 
ing and Metals Division, Union Carbide 
Corp., near Bishop, Calif; and the Climax 
mine and mill of the Climax Molybdenum 
Co., a division of America Metal Climax, 
Inc, (AMAX), near Leadville, Colo. Both 
of these mines obtained tungsten as a co- 
product or byproduct. Tungsten was the 
major mineral value recovered at Pine 
Creek along with minor amounts of mo- 
lybdenum, copper, and gold. At Climax, 
the major mineral value recovered was mo- 
lybdenum. Tungsten, tin, pyrite, and mon- 
azite were recovered as byproducts and 
were entirely dependent upon the rate of 
molybdenum production. 


Since the Pine Creek facility was closed 
for about 6 weeks early in the year as a 
result of a severe avalanche and a short 
strike, its total annual production de- 
creased about 10 to 12 percent. 

Additional intermittent tungsten produc- 
tion and/or shipments were also reported 
from Mohave, Santa Cruz, and Yavapai 
Counties, Ariz.; Fresno, Inyo, Madera, and 
San Bernardino Counties, Calif.; Boulder, 
Lake, and San Juan Counties, Colo.; Custer 
County, Idaho; Beaverhead County, Mont.; 
Churchill, Mineral, Ormsby, and Pershing 
Counties, Nev.; and Box Elder, Millard, 
Salt Lake, and ‘Tooele . Counties, Utah. 
Some of these mines, because of their high 
elevation, were able to operate for only 
about half of the year when the area was 
relatively clear of snow. 

The former Hamme tungsten mine near 
Henderson, N.C. was purchased from the 
Howemet Corp., by Ranchers Exploration & 
Development Corp., Albuquerque, N. Mex., 
late in 1968. Ranchers indicated that it 
had completed pumping the water that 
had been allowed to fill the mine follow- 
ing its closing on February 14, 1963. A 
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Table 4.—Tungsten concentrate shipped from mines in the United States 


Quantity Reported value f.o.b. mines ! 
Tungsten 

Year Short tons Short-ton content Total Average Average 

60 percent units (thousand (thou- per unit per pound 

WO: basis WO: pounds) sands) of WO: of tungsten 
LEE 7,949 476, 979 7,566 $183,028 $27.32 $1.72 
// ͤ K Unus nie 8,912 534, 727 8,482 7,6 82.95 2.08 
I 2-82 ccu sense EezcRE 9,088 545,269 8,649 20,89 38.32 2.42 
3/000 sS 10, 704 642,263 10,188 25,197 39.28 2.47 
9 ⁵³ ZZ 2 9, 888 592,916 9,405 24,625 41.53 2.62 


1 Values apply to finished concentrate and are in some instances f.o.b. custom mill. 
2 A short-ton unit equals 20 pounds of tungsten trioxide (WO:) and contains 15.862 pounds of tungsten. 


main shaft was sunk, and the company re- 


viewed extrative metallurigical techniques 
to determine the most economic recovery 
methods to use for the mine's huebnerite 
and scheelite ores. 

During 1969, equipment was obtained to 
replace that which had been sold at auc- 
tion following closure of the Hamme mine, 
and construction of a processing mill adja- 
cent to the mine site was begun. Early in 
1970 this mine began start-up production 
operations and was scheduled to come on- 
stream in the fall of 1970 with an initial 
annual full-scale production capacity of 
about 1.4 to 1.5 million pounds, tungsten 
corftent. This would rank Ranchers as the 
third major domestic tungsten producer 
behind Union Carbide and Climax. With 
anticipated expansion, Ranchers could be 
expected to rise to second since Climax's 
production is as a byproduct of molybde- 
num mining and remains relatively con- 
stant. 

Although subjected to heavy snows, the 
Eureka tungsten mine of Canyon Mining 
Corp., near Boulder, Colo., was able to op- 
erate throughout much of the year due to 
its proximity to an all-weather highway. 

Although considerable interest remains 
in the Calvert Creek open-pit tungsten 
mine in Montana, the joint Minerals Engi- 
neering Co.—General Electric Co. (GE) 
program to reopen this property was ter- 
minated in mid-year when GE cancelled 
its financial backing of the project. It is 
believed that Minerals Engineering was 
unable to satisfactorily solve the corrosion 
and related problems in the solvent extrac- 
tion circuits associated with the ammon- 
ium paratungstate (APT) plant at Glen, 
Montana. 

Mines Exploration Co. produced a high- 
grade scheelite concentrate in the Atolia 
District of San Bernardino County, Calif. 


Ore was obtained from four underground 
mines and transported to a 25-ton-per-day 
gravity mill where a 60 percent WOs con- 
centrate was dried and sacked. 

Mining and milling operations at the 
Silver Star—Queens Mines’ Yellow Ham- 
mer tungsten-copper property in western 
Utah began in early October. The tung- 
sten ore was shipped to the newly rehabil- 
itated tungsten mill at Gold Hill, Utah, 
which has a current capacity of 40 tons of 
tungsten ore per day. Plans are underway 
to substantially increase the milling capac- 
ity and to add a copper recovery circuit. It 
is believed that the tungsten concentrates 
are sold to Union Carbide Corp. where 
they are upgraded in the company’s proc- 
essing facilities to synthetic scheelite. 

During the year a large low-grade tung- 
sten deposit was discovered on the Gamble 
ranch of the Arizona—Colorado Land and 
Cattle Co. in northeastern Nevada. Some 
25 million tons of ore averaging 0.19 per- 
cent WOs have been proven, and the exist- 
ance of further reserves totaling 17.4 mil- 
lion tons of similar grade material appear 
probable. 

Metal, Alloys, and Compounds.—The 
Chemical & Metallurgical Division of Syl- 
vania Electric Products Inc. (a subsidiary 
of General Telephone & Electronics Corp.) 
announced that it would build a new 40,- 
000-square-foot laboratory in Towanda, 
Pa., to expand its research and engineering 
operations related to tungsten and other 
refractory metals. This two-story structure 
is scheduled to be completed by mid-1970. 

The Nevada Scheelite Division of Kenna- 
metal, Inc., began building a new mill to 
reprocess crude tungsten carbide made by 
the thermite process about 10 miles north 
of Fallon, Nev. The new mill will replace 
the present plant located 45 northeast of 
Hawthorne, Nev. 
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Gulf Chemical & Metallurgical Corp. be- 
came the new owner-operator of the Texas 
City tin smelter in Texas City, Texas in 
the spring of 1969. 'This smelter, which 
was previously owned and operated by the 
Lenway Chemical and Metallurgical Co. 
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and before that, by Wah Chang (A Tele- 
dyne Co.), is currently producing a num- 
ber of chemical and metallurgical products 
including tungsten. Another venture of 
this company includes a plant at Ironton, 
Ohio, which produces calcium tungstate. 


CONSUMPTION AND USES 


Although decreasing slightly in overall 
relative percentage, tungsten carbide (WC) 
continued to represent the major individ- 
ual form of tungsten used during 1969, ac- 
counting for 39 percent of the total con- 
sumption which increased by 22 percent to 
over 16 million pounds of contained 
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tungsten, during the year. Consumption of 
other tungsten products, except ferrotung- 
sten, increased substantially and provided 
the following percentages of total consump- 
tion: Tungsten carbide powder (82), ferro- 
tungsten (10), and scheelite and scrap 
(17). In addition, slightly more than 2 
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Figure 1.—Domestic shipments, imports, consumption, and average price of 
tungsten ore and concentrate. 
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percent was used in the form of tungsten 
chemicals. Tungsten carbide was produced 
from tungsten metal powder and from 
tungsten scrap. Both natural and synthetic 
scheelite and ferrotungsten were used as 
additives in steelmaking and high-purity 
tungsten carbide, tungsten wire, and 
wrought mill products were produced from 
hydrogen-reduced tungsten metal powder 
having low impurity content. 

Two new grades of fine grained tungsten 
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subsidiary of Allegheny Ludlum Steel Corp. 
The use of these grades, designated CA-310 
and CA315, enables production of cutting 
tools having unusually high strength, hard- 
ness, and wear resistance, all of which pro- 
mote longer tool life. The fine grained car- 
bide structure, which exhibit these 
properties is produced by dispersing micro- 
particles of tungsten carbides in the matrix 
of the cutting tool microstructure. 

Tungsten carbide hard facing continued 


carbides have been commercially developed 


to be used extensively to provide maxi- 
by the Carmet Division of Carmet Co., a 


mum abrasion resistance for drill bits, 


Table 5.—Production, shipments, and stocks of tungsten products in the United States 
(Thousand pounds of contained tungsten) 


Hydro- Tungsten 
gen carbide p powder 
an — n—ö — 
carbon Made Crushed Chem- Other! Total? 
reduced from and icals 
metal metal  crystal- 
powder powder line 
1968 
Gross production during year 7,702 4,458 2,472 10,542 2,428 27,597 
Used to make other products listed here. 5,849 ....... ....... 9,934 1,776 17,059 
Net production , 858 4,458 2,472 608 646 , 588 
Shipments 3.___ „„ 7,191 4,457 2,712 6,818 2,452 28,125 
Producer stocks, deser dg BEE 1,812 228 776 1,621 814 4,747 
Gross production during year................ 9,205 5,581 2,881 11,556 2,599 31,722 
Used to make other products listed here „ (( ðͤ K clue 10, 418 1,452 18,887 
Net oroduetion 2... l2... 2, 688 5, 531 2,881 1,188 1,147 13,884 
Shipments 2.____ ses ceace cec A cur ERES 8,756 5,571 8,414 7,019 2,640 27,400 
Producer stocks, December 31... --.-.------ 1,969 216 408 1,180 220 8,392 


1 Includes ferrotungsten, scheelite (produced from scrap), nickel-tungsten, self-reducing oxide, pellets, and 


sera 
2 Data may not add to totals shown because of independent 1 
3 Includes quantities consumed by producing firms for manufacture of products not listed here. 


Table 6.—Consumption, by end uses, and stocks of tungsten products in 
the United States in 1969 


(Thousand pounds, contained tungsten) 


Ferro- Tungsten Tungsten Other 
tungsten! metal tungsten Total! 
powder 2 powder materials * 
Steel: 
Stainless and heat resis ting 177 (©) - ------ 168 845 
Alloy (excludes stainless and heat resisting) _ - - - 294 W W 800 594 
Eeer 930  (@  —— ues 1,021 1,951 
Cüst ITODS...--. ß eee ue Dames E P 
Superalloys- ss «„ 75 W W 306 381 
Alloys (exclude alloy steels and superalloys): 
Cutting and wear resistant materials W 1,194 5,728 858 7,275 
Other alloys lll 35 728 W 265 1,028 
Mill products made from metal powder 2,8998988 W 2, 898 
Chemical and ceramic uses  ---- € 406 406 
Miscellaneous and unspecified. ..................- 64 307 528 281 1,175 
Totalt 4 wine ee oe este fet aN 1,577 5,127 6,246 8,106 16,056 
Consumer stocks Dec. 31, 1oen 298 562 431 492 1,778 
W Bad nbeld to avoid disclosing individual company confidential data, included in “Miscellaneous and un- 
8 


1 Includes melting base self-redueing tungsten. 

2 Includes both carbon-reduced and hy ogen-reduced tungsten metal powder. 
3 Includes tungsten chemicals, natural and synthetic scheelite, tun Ka eg scrap, and other. 
4 5 een add to totals shown because of independent roun 

* Includes welding. and hard-facing rods and materials and nonferrous alloys. 
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plows, shovel and bucket teeth, and tool 
joints without requiring fusion welding 
techniques. 

Adamas Carbide Corp. began construc- 
tion of a new branch plant in Livonia, 
Mich., to meet the rapidly growing de- 
mand for tungsten carbide in tire studs. 
Adamas stated that the new facility was 
being built because the main plant at Dea- 
born Heights, Mich., was not large enough 
to keep pace with the increased growth in 
the tungsten carbide market. At the new 
plant tungsten carbide will be produced in 
flats, rounds, and special shapes by hydro- 
static pressing and vacuum sintering. 

A commercial extrusion method has 
been developed by Thermo Electron Corp., 
Walthan, Mass., for the production of ex- 
truded heavy walled tubing using naturally 
forming tungsten oxide (WO,) as lubri- 
cant at elevated temperatures. Under cer- 
tain conditions, tungsten forms its own 
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lubricant and no further extrusion lubri- 
cant is required. 

A tungsten carbide titanium carbide com- 
bination has been developed by Sandvik 
Coroment, Stockholm, Sweden, in which a 
0.002-inch coating of titanium carbide is 
placed on a cemented tungsten-carbide 
core. This combination combines the 
wear-resistance of titanium carbide with 
the toughness of tungsten carbide. 

The relatively old metallurgical process 
of chemical vapor deposition (CVD) is 
now being successfully used by Fansteel 
Inc. to produce high-purity, high-density 
tungsten metal crucibles for use in the 
growing of single crystals. These CVD- 
formed crucibles have all the desirable 
properties of tungsten metal without being 
as difficult to work as is wrought tungsten 
metal; they can be produced at a fraction 
of the costs of conventional fabrication 
techniques. 


PRICES AND SPECIFICATIONS 


Throughout 1969 the price of imported 
tungsten ore and concentrate was quoted 
at $43 (nominal) per short-ton unit re- 
flecting the continued stabilizing influence 
of the GSA sales policy. As quoted 'n Met- 
als Week and in the Metal Bulletin (Lon- 
don), the world price remained near the 
GSA sales price during the first half of the 
year. However, during the second half of 
1969, the world tungsten price rose and re- 
mained above the GSA price. At yearend 
the world price was quoted at a high of 
645 shillings per long-ton unit ($69.13 per 
short-ton-unit). This rise continued into 


early 1970 when a high of 760 shillings 
per long-ton unit ($81.46 per short-ton- 
unit) was reached. The cause of this sig- 
nificant price increase was reported to be 
due almost entirely to the suspension of 
tungsten shipments from mainland China. 
It is believed that this action forced the 
industralized Eastern and some Western Eu- 
ropean countries which had previously re- 
ceived all or a significant amount of their 
supply from mainland China to seek 
their requirements from free world sources. 

The price of ammonium paratungstate 
(APT), an intermediate tungsten com- 


Table 7.—Monthly price quotations of tungsten concentrate in 1969 


Wolfram and scheelite: 
London market, shillings 
per long-ton unit of WO;, 


Equivalent quotations, dollars 
per short-ton unit of WO:, 
60 percent basis 


60 percent basis: 


Month 
Low 
Februar RE 397 Lë 
ebruar T . . . .  . . . . . -MMMM 
CV 95 
̊J0õͤ ³˙¹wmmꝗAAA²⁰uͤuia-A ee Sl e sss 865 
J)½Vöôö§[“ yy m ere 345 
AA T aT- E a sss E EE 417 Le 
np, eme 420 
A i ell ed eld 8 425 
Septemberk.r.r . 425 
Octobep. .. ] ³ oeee 425 
November... -22-2 430 
December 455 


High Low High Average ! 
450 $46.09 $48.28 $41.83 
0 42.60 46.0 48.94 
412% 42.28 44.21 43.34 
405 39.12 43.41 41.26 
422 V6 36.98 45.28 41.70 
440 44.75 47.16 45.87 
40 45.02 47.16 46.22 
440 45. 55 47. 16 46. 35 
440 45. 55 47.16 46.85 
440 45.55 41.16 46.35 
470 46.09 50.88 47.48 
645 48.77 69.13 60.24 


1 Arithmetic average of weekly quotations. Equivalent 1969 average price $46.37; duty $6.84, equivalent 


average price, duty paid, $52.71 per short ton unit. 
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pound which can be readily converted to 
tungsten metal powder by hydrogen reduc- 
tion, processed from domestic ore and de- 
livered to contract customers, reportedly 
range from $40 to $44 per short-ton-unit. 
APT processed from GSA concentrates was 
believed to be sold in the range from $48 
to $51 per short-ton-unit. 

The quoted prices of both carbon and 
hydrogen-reduced tungsten metal powder 
increased during the year. At yearend, car- 
bon-reduced tungsten metal powder (99.8 
percent in 1,000 pound lots) was quoted 
by Metals Week at $3.06 per pound of 
contained tungsten compared with the 
1968 quotation of $2.75 per pound. The 
quoted price of hydrogen-reduced tungsten 
metal powder (99.99 percent purity) rose 
and ranged from $4.91 to $5.75 per pound 
of contained tungsten at yearend 1969 
compared with a range of $4.60 to $5.44 in 
1968. 
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In Metals Week, the quoted price of the 
various grades of ferrotungsten in lots of 
5,000 pounds or more, 14-inch lump, 
packed,  f.o.b. destination, continental 
United States, 70 to 80 percent tungsten, 
increased from a range of $3.20 to $3.71 
per pound, tungsten content, at the begin- 
ning of the year to a range of $3.25 to 
$3.86 per pound, tungsten content at year- 
end 1969. The price of UCAR, Union Car- 
bides’s special high grade ferrotungsten 
was increased from $3.71 to $3.86 per 
pound, tungsten content, effective July 1, 
1969. 

While not quoted, the price of scheelite 
concentrate for direct addition to steel 
melts was believed to be in the range from 
about $39 to $42 per short-ton-unit, equiv- 
alent to about $2.46 to $2.64 per pound of 
contined tungsten. 


FOREIGN TRADE 


Exports of tungsten concentrate (table 
8) jumped by a factory of 1114 in 1969 and 
represented material purchased from the 
GSA stockpile and shipped by traders to 
Europe to take advantage of the higher 
price there. While there were no reexports 
of tungsten concentrate during the year, 
reexports of tungsten products are listed in 
table 9. 

Exports unwrought tungsten metal and 


alloys in crude form, waste and scrap, pri- 
marily to West Germany (49 percent), 
Japan (29 percent), Canada (6 percent), 
the Netherlands and the United Kingdom 
(5 percent each), Austria (3 percent) , and 
Italy (2 percent), rose 50 percent to 
893,474 pounds, gross weight, valued at 
$1,248,963 in 1969. Tungsten and tungsten 
alloy powder exports increased 36 percent 
during the year to 63,897 pounds, gross 


Table 8.—U.S. exports of tungsten ore and concentrates, by countries 


(Thousand pounds and thousand dollars) 


Country 

Gross 
weight 
V AUTA a ooo RD eli MRRSOE S 106 
Belgium Luxembourg 
// ⁵³ĩ·Üà AAA NEMO 90 
FF! ³˙¹¹1¹¹AAUʃT ͥ d oe ee 88 

Germany 
Past —— —— ——————— —À 
h AE. ————— — 8 485 
77 os dete Oa Ee LL eu paite 
ké EE ete eee Choe Ee 
P77!!! beer 119 
Motit EE 
Netherlands 29 
Pr ³⁰o A JG sS 
3 EEN 
United Kingdom. .................... 295 
TOtal ee EE 1,207 


1968 1969 

Tungsten Value Gross Tungsten Value 

content ! weight content! 
55 $141 86 44 $104 
Ee nc — ou 618 819 82 
47 133 457 236 719 
43 111 649 335 1,004 
Piece Ht 1,452 749 2,284 
250 687 3,918 2,019 844 
S 98 4€ 144 
. 26 1 44 
61 169 2, 156 1,112 2,917 
ro EORR TOR (2) (2) 1 
15 43 1,175 606 1,690 
n 548 288 796 
wate athe tied 246 127 424 
Saas, cue 228 118 866 
152 421 2,212 1,141 8,224 
623 1,705 18,859 7,151 19,829 


! Tungsten content estimated by multiplyi ng the gross weight by a factor of 0.516 equal to 0.65 (to convert 


from 65 to 100 


rcent WO; basis) times 0.7 
? Less than ! 


2 unit. 


1 (to convert from WO; to W basis). 
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weight, valued at $291,001 and were 
shipped primarily to Canada (41 percent), 
West Germany (25 percent), and Mexico 
(16 percent) . 

Tungsten and tungsten alloy wire ex- 
ports, primarily to Canada (37 percent), 
Brazil (19 percent), and Italy (12 per- 
cent), rose 20 percent to 62,445 pounds, 


Table 9.—Re-exports of tungsten products 
in 1969, by country 


(Pounds, gross weight) 
Country Quantity Value 
Unwrought tungsten, waste and 
scrap: 
Ch TEE 188 $284 
pune metal powder: 
CTT. eee ce NA 19,958 
Tungsten wire: 
etherland ss 6, 000 1,148 
. wrought: 
lgium-Luxembourg. ....- 10 276 
AUSWIS PMID 50 741 
Total, wrought. ........ 60 1,017 


gross weight, valued at $1,822,461 in 1969. 
Exports of wrought tungsten and tungsten 
alloys primarily to Japan (73 percent), 
and West Germany (15 percent) , increased 
by a factor of more than five and totaled 
380,160 pounds, gross weight, and valued 
at $1,530,250. 
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During the year, general imports of 
tungsten concentrate fell 16 percent and 
imports for consumption decreased 14 per- 
cent. In 1969, as in the previous 5 years, 
there were no duty-free imports of tung- 
sten ore and concentrate for the U.S. Gov- 
ernment. | 

Imports of tungsten carbide during the 
year decreased 8 percent to 13,761 pounds, 
tungsten content, valued at $95,851 and 
came primarily from the United Kingdom 
(74 percent), and West Germany (25 per- 
cent). There continued to be no imports 
of semifabricated tungsten in ingots and 
shot during the year. 

Imports of tungsten waste and scrap 
containing over 50 percent tungsten rose 17 
percent to 31,472 pounds, tungsten content, 
valued at $64,740 in 1969 and were pri- 
marily received from the Netherlands (55 
percent). During the year, imports of un- 
wrought tungsten in lump, grains, and 
powder increased by a factor of over two 
to 6,675 pounds, tungsten content, valued 
at $43,552 and were received primarily 
from Canada (65 percent) , and West Ger- 
many (34 percent). In 1969, imports of 
wrought tungsten fell by 20 percent to 
4,945 pounds valued at $401,434. This ma- 
terial came primarily from Austria (47 
percent), and the Netherlands (44 per- 
cent). 


Table 10.—U.S. imports 1 of tungsten ore and concentrates, by countries 


(Thousand pounds and thousand dollars) 


1968 1969 
Country 

Gross Tungsten Value Gross Tungsten Value 

weight content weight content 
Australia... u. Ul... l. u. l: L: 266 145 $297 285 182 $348 
|; lo: EE 109 55 „ ocu 
Burundi and Rwanda................. 11 il. cosie dixe e Dee 
e TT TE 1,610 1,085 1,928 1,870 1,046 2,284 
Me eege ĩ K Rm Dz 15 9 21^ (286255 mx “mous 
Hong Kong.......................--. 5 2 )!. — 
tele d uy ass 3 2 2 2 1 1 
C! ˙·ꝛinm n ĩͤ v ss sss 874 506 961 449 256 671 
, oen duos ee ees E 67 40 91 168 99 278 
United Kingdom uu 45 26 J A eerste 
M /«§«; x 8 3, 005 1,824 8,444 2,724 1,584 8,627 


1 Data are “general imports”, that is, they include tungsten imported for immediate consumption plus 


material entering warehouses 


? Represents transshipment, rather than country of origin. 
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Table 11.—U.S. imports for consumption of tungsten ore and concentrates, by countries 


(Thousand pounds and thousand dollars) 


1968 1969 
Country 
Gross Tungsten Value Gross Tungsten Value 
weight content weight content 
Australia... l... uo ce SZ dE cu 184 79 $146 179 101 $266 
Ir a nora coe 8 109 55 TU. zasega «ess execs 
Burundi and Rwanda................. 11 4 111i ee Soona 
e LI MNT ME 1,610 1,085 1,928 1,870 1,046 2,294 
; uu on sene cue. (1) (1) (D^ ^ —— Ames ARGAS cages 
Hong Kong 5 2 [MEC c m 
CT ze mea eck mde pe ads 8 2 2 2 1 1 
Peru see ¾˙d get dur utet. 874 506 961 449 256 671 
Portural.. o AAA Sees 67 40 91 168 99 278 
United Kingdom 2. ...................- 45 26 SB. ë Jauka: Xxx 
!!,! ³˙¹¹ ii dE 2, 858 1,748 3,272 2,668 1,503 8,445 


1 Less than 1⁄ unit. 
2 Represents transshipment, rather than country of origin. 


Table 12.—U.S. imports for consumption of tungsten or tungsten carbide forms 


417.40 
418.30 
420.82 
421.56 
422. 40 


422.42 
423.92 


(Thousand pounds and thousand dollars) 


Ingots, shot, bars, Wire, sheets, or Total 
and serap other forms, n. s. p.f. 
Year 332322 ĩõùͤ ͤ ͤ ĩↄVvyvd EE 
Quantity Value Quantity Value Quantity Value 
Ee 188 $246 5 $277 143 $523 
SE e 44 51 6 316 50 867 
) M MC 33 65 5 401 88 466 
Table 13.—U.S. import duties on all forms of tungsten 
(Tungsten content per pound of contained tungsten) 
Rate of duty ! 
Article 
, Effective Effective 
Jan. 1, 1969 Jan. 1, 1970 
Tungsten ore... d %% er pound tungsten $0.35. 
Other metal bearing materials in chief 
value tungsten. .--------------------- $0.385 plus 16 percent $0.294 plus 14 percent 
ad valorem. ad valorem. 
Ferrotungsten.........................- $0.335 plus 10 percent $0.294 plus 8.5 percent 


ad valorem. ad valorem. 
Waste and scrap containing by weight not 
over 50 percent tungsten. |... ......... $0.33 plus 10 percent 


$0.29 plus 8.5 percent 
ad valorem. 


ad valorem. 

Waste and scrap containing by weight 
over 50 percent tungsten_____ 

Unwrought tungsten, except alloys in 
lump, grain and powder 


16.5 percent ad valorem.. 14.5 percent ad valorem. 


$0.88 plus 20 percent $0.29 plus 17.5 percent 


ad valorem. ad valorem. 
Unwrought tungsten ingots and shot 16.5 percent ad valorem.. 14.5 percent ad valorem 
Unwrought tungsten, n.e.c.?___..-.------- 20 percent ad valorem... 17.5 percent ad valorem. 


Tungsten alloys, unwrought, containing 
by weight not over 50 percent tungsten... $0.385 plus 10 percent 


$0.294 plus 8.5 percent 
ad valorem. 


ad valorem. 
Tungsten alloys, unwrought, containing 


by weight over 50 percent tungsten 20 percent ad valorem 17.5 percent ad valorem. 

Wrought tungsten....................... ---- %%%; o. 

Tungstic acid. ------------------------- $0.33 plus 16 percent $0.29 plus 14 percent 

ad valorem. ad valorem. 

Ammonium tungst aten %%% a EIL E Do. 

Calcium tungstate.___..._.....--------- ---- dO soo A EENE Do. 

Potassium tungs tate FTT Do. 

Sodium tungs tate. G se D 


o. 

Tungsten carbide......................- $0.294 plus 17 percent 
ad valorem. 

$0.29 plus 14 percent 


ad valorem. 


ad valorem. 
Other tungsten compounds, n. e. c.. $0.33 plus 16 percent 
ad valorem. 
Mixtures of two or more inorganic com- 
pounds in chief value tungste n. dO. EE 


! Not applicable to Communist countries. 
* Not elsewhere classified. 
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Imports of calcium tungsten during 
1969, almost all from West Germany, to- 
taled 20,744 pounds, tungsten content, val- 
ued at $144,501, a 65 percent rise over 
1968 imports. 

Imports of material classified as other 
metal-bearing materials in chief value 
tungsten increased 20 percent and totaled 
5,953 pounds, tungsten content, valued at 
$10,162. This material, believed to primar- 
ily represent synthetic scheelite, was all re- 
ceived from Japan. 

As in the previous 3 years there were no 
imports of foreign tungsten concentrate 
into the Virgin Islands or shipments of 


WORLD 


Meetings of the United Nations Commit- 
tee on Tungsten and two of its subsidiary 
bodies were held in October at the Palais 
des Nations, Geneva, Switzerland. The 
Committee's eight-member Working Group 
met first to prepare a review of the pre- 
vailing world tungsten situation. This 
group was composed of representatives 
from Australia, Austria, Bolivia, Portugal, 
South Korea, Sweden, The United States, 
and West Germany. Following the Work- 
ing Group, a meeting of the Statistical 
Working Party, open to all member gov- 
ernments, was held to resolve problems as- 
sociated with tungsten production and con- 
sumption statistics. Finally, a relatively 
short meeting of the full Committee was 
held but due primarily to the lack of 
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processed tungsten products from the Vir- 
gin Islands to the continental United 
States in 1969. This data indicates that 
Molybdenum Corporation of America’s 
tungsten processing plant which was set up 
in 1965 has discontinued its operations 
which were originally established to avoid 
the duty on imported tungsten. There con- 
tinued to be no imports of ferrotungsten 
during the year. 

In accordance with the “Kennedy 
round" tariff negotiations of GATT, the 
U.S. import duties on all forms of tung- 
sten were further reduced, effective Janu- 
ary 1, 1970, as indicated in table 13. 


REVIEW 


major problems and the continuing high 
price of tungsten, some members of the 
Committee did not attend the latter two 
meetings. | 

The Committee on Tungsten, through 
its U.N. staff, continued the collection of 
statistical, scientific, technical, and eco- 
nomic data on tungsten. In addition to its 
regular quarterly report, Tungsten Statis- 
tics” the Committee issued two supple- 
ments to the publication “Tungsten Bibli- 
ography." Copies of all these reports are 
available to anyone interested upon re- 
quest from the United Nations Conference 
on Trade and Development (UNCTAD), 


Distribution Section, Palais des Nations, 


Geneva, Switzerland. 
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Table 14.—World production of tungsten ore and concentrate, by countries 1 
(Thousand pounds of contained tungsten) ? 


Country 1967 1968 1969 » 
North America: 

NET TEE e 220 2,860 8,222 
E o GE r 414 586 686 
United States (shipments) -_.................---.----------------- 8,649 10,188 9,405 

South America: 
RE e GEET r 235 405 e 418 
Bolivia (exportsg)-.... ß . EUER M dee hue r 8,401 8,984 4,050 
KEE EE EEN 688 958 1,910 
(( a ⁵⁰¹mm A ͤ d ĩ a LLL sss r 902 1,278 1,478 
Europe 
ERT el KEEN r 172 808 e 220 
Portugal; ee 2,416 2,889 2, 706 
Cl EE FF. ͤͤ 8 r 176 273 e 154 
S S alus lc oe ulio he EE 18,600 18,600 14,300 
Africa: 
Congo Kun ²ðVt!? eer E dE EE DOE 116 86 143 
Rwanda- 222.0000. nce dd ⁰ -G; ME a SOS p 611 708 874 
USahda. x ß doc u w uei le ae ees 84 97 117 
Asia: 
EE 338 307 249 
Sn, f ⅛o·»W . ⁰ due are 17, 600 17, 600 17, 600 
JJ ˙ĩ1Ü5“ĩm A ⁵xßß ⁊ĩ T dd EPI 862 1,175 1, 335 
Korea 
C Ernst mena ³˙i—w¼⁵ꝛ⁵ E MEE Mm ELE 4,720 4,720 4,720 
South; -onohcau 6 ee wee ose a aa Sus sm EE 4,464 4,602 4,886 
LEKT, WEE EEN 88 148 804 
Thailand d ß E 956 1,098 1,437 
Oceania 
Australilg. uo; ß e . EEN r 2,118 2,565 2,946 
JJCC§ö˙êðé % ͤͤ LLLA ß r 62, 725 70, 425 72, 060 


e Estimate. p Preliminary. t Revised. 

1 France, Sweden, and Yugoslavia are no longer tungsten producers. In addition, the following countries 
also produce tungsten: Guatemala, Hong Kong, India, Italy, Mongolia, New Zealand, Nigeria, Republic of 
South Africa, Southern Rhodesia, Territory of Southwest Africa, and Tanzania. 

" 2 conversion factors: WO; to W equals 0.7981; in converting 60 percent WO; concentrate to W, multiply 
y O. . 
3 Totals are of listed figures only. 


Table 15.—World consumption of tungsten ore and concentrate, by countries 1 
(Thousand pounds, tungsten content) 


1967 1968 1969 » 
Actual consumption: 
Australa EE 110 110 110 
ST QM Rc ects eee hese MN CREE 8 8,140 2,820 8,390 
RENE dE 405 e 440 e 450 
ET EE 5,740 4,990 7,286 
Pill ³ðVA ²wkĩ Eu eie 688 524 686 
Sd d ] y EQ LEE EU 1,850 2,565 3,864 
United indess : 4,880 5,920 7,665 
United Stites 2.5. ß , dms cene duda e 18,860' 11,088 13,053 
Apparent consumption, including stock variations 
IOC P MD c MN E TERN 2,920 1,965 3,225 
Apparent consumption, excluding stock variations: 
AIPehnUtnaA. u lu ꝛÜ—ß— .. k 110 119 100 
Belgium-Luxembourg. 35 55 167 175 
r ß DET 70 75 80 
China, mainland 3. J ̃ — .. Add 1.250 1,875 1,400 
/ ]Ü»”... ³ y Ede eaque eG E EE 2,819 8,775 8,016 
ö ² ²˙¹½²y ³ mu. 8 300 430 800 
VT EES r 4,411 5,610 9,220 
KT o 32r. chouette mt mt c cT 80 
17//%* ) ⁊6 mt D FIN 480 540 390 
tüly o o ay rd yu a am ur D t 8 22 2 5 
Korea, North tis os u so uu su ta et uQ cece saa r 8,500 8,500 8,500 
Netherlands... 2. dee SE EE 286 284 488 
Foland a 0 lo e sace ue ĩé . y 2,828 8,799 8,414 
South Africa, Republic of 2......... 22.2222 22222 - LL LLL Lll ll... 600 620 630 
p uet cL EE r 169 e 150 e 150 
ee ß ß EE 13, 600 18,750 14,400 
ATTEN 110 10 10 
Total; up ⁵ y . y . Aen eux r 62,628 64, 778 77,227 


e Estimate. P Preliminary. r Revised. 

1In addition, the following countries are known or believed to consume tungsten concentrate but specific 
data are not available: Brazil, Chile, Denmark, Finland, Israel, Norway, Rumania, Switzerland. 

2 Estimated by author of chapter. 
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Australia.—Endurance Mining Corp. 
N.L. and Peko-Wallsend Ltd. formed a 
joint company to explore and develop En- 
durances’ tungsten deposits at Attunga, 
near Tamworth, New South Wales. Pre- 
liminary drilling indicated that these depos- 
its average about 0.8 percent wolfram. If 
development of the deposits is indicated to 
be commercially feasible, Peko-Wallsend 
will provide the financing necessary for an 
extraction plant. 

Preliminary drill evaluations of Endur- 
ance Mining Corp.’s tungsten reserves on 
its Moonbi prospect near Tamworth, N.S.W., 
indicated the presence of at least 500,000 
tons of scheelite containing 1.44 percent 
tungsten. Further drilling will be con- 
ducted to more accurately outline the ore 
body and to determine if sufficient mate- 
rial exists to warrant commerical develop- 
ment of this deposit. 

Samples of the tungsten ore obtained 
from an 80-acre site at Mt. Horror near 
Winneleah, Tasmania, assayed 4.8 percent 
Wos and could be concentrated by jigging 
and tabling to 49.9 percent WO; with a re- 
covery at 87.5 percent. Further concentra- 
tion should produce a salable grade of 
concentrate (over 65 percent WO,) with 
an overall recovery of about 80 percent. 

Ownership of King Island Scheelite 
(1947) Ltd. was acquired by Peko-Wall- 
send Ltd. during the year and reserves 
were increased by extensive exploration ac- 
tivities to 6 million tons averaging 0.8 
percent tungsten. Another ore body was 
defined during the year and was estimated 
to contain 1.8 million tons of ore averag- 
ing 1.1 percent tungsten. 

Early in 1969, King Island Scheelite an- 
nounced plans for a $10 million expansion 
program to start in April. This expansion 
wil involve rebuilding of the present 
tungsten mining-processing complex to in- 
crease production capacity at present 
open - pit mining operations. In addition, a 
new concentrator having an initial capacity 
of 450,000 tons per year with provision for 
subsequent expansion to a capacity of 
600,000 tons per year will be constructed. 
This new concentrator will be located 
about 1 mile north of the existing com- 
plex. 

Bolivia.—To reduce the country's de- 
pendence on tin exports, a mineral indus- 
try diversification program was proposed 
by the Corporacion Minera de Bolivia 
(COMIBOL) which would survey tungsten 
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deposits in 19 areas to determine the eco- 
nomic feasibility of recovering this mate- 
rial. 


Prai- qay scheelite deposits 
have been discovered near Lajes, Rio 
Grande do Norte. The output of these de- 
posits by local residents-turned-prospectors 
is believed to approach or equal the com- 
mercial tungsten mining operation near 
Currais Novos. 


Burma.—Because of the 1964 nationaliza- 
tion of the Burma Corporation Ltd. and 
the Government’s refusal to renew expired 
mining licenses, the Tenasserim Districts of 
Tavoy and Mergui have recently declined 
as producers of tin-tungsten concentrate.2 

The Government-owned Minera] Devel- 
opment Corporation (MDC), which óper- 
ates most of the country’s tin and tungsten 
mines, reportedly will sign a 4 year con- 
tract with the U.S.S.R to rehabilitate the 
Mawchi tin-tungsten mines destroyed in 
World War II and currently yielding only 
marginal production. 

Exploitation of a newly discovered tin- 
tungsten deposit in the Karan Range east 
of Pyinmana was recently begun by MDC. 


Canada.—Canada Tungsten Mining Cor- 
poration Ltd. (CTMO), the country's only 
tungsten producer, increased total produc- 
tion at its mine and mill at Tungsten 
(formerly Flat River), Northwest Territo- 
ries, near the Yukon border and had the 
most successful year in the company’s his- 
tory. Mine production totaled 208,173 
short-ton units of WO, (some 3.2 million 
pounds of contained tungsten) , an increase 
of 13 percent over 1968, and the concentra- 
tor was operated at 95 percent efficiency 
averaging 482 dry tons of ore per day. 
During the latter half of 1969 milling rates 
were increased to 550 to 600 tons per day. 
While the grade of ore milled during the 
year dropped from 1.98 percent to 1.54 
percent WOs the overall scheelite recovery 
rose to 78.81 percent from 77.74 percent. 

In addition to the scheelite, 466,113 
pounds of byproduct copper was produced, 
and copper mill recovery averaged 66.12 
percent during the year. 

CTMC announced that due to the in- 
creased price of tungsten a program was 
scheduled for 1970 to evaluate possible ad- 


2 Bureau of Mines. Dno Trade Notes. V. 
67, No. 2, February 1970, 

š Canada Tungsten Min GE Co Se Annual 
Report 1969. Toronto, Canada, 8, 1970, 9 
pp. 
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ditional and previously uneconomical low- 
grade ore in the present pit area. 

As of December 31, 1969, reserves of ore 
in place totaled 733,823 tons averaging 1.68 
percent WOs while stockpiled ore awaiting 
concentration totaled 84,058 tons averaging 
1.56 percent WO,. 

Although the control of air and water 
pollution at CTMC's Vancouver Leach 
plant in North Vancouver, British Colum- 
bia, presented some problems during the 
year these were overcome by the use of ad- 
ditional water scrubbing equipment and 
liquid caustic. In addition, certain equip- 
ment changes were made to improve recov- 
ery and overall efficiency of the leach-plant 
operation. 

Canadian Exploration, a subsidiary of 
Placer Development, announced plans to 
bring the Invincible tungsten property 
near Salmo, British Columbia, into produc- 
tion at an initia] rate of 10,000 tons of ore 
per month. Reserves in this orebody are 
estimated at 278,000 tons averaging 0.78 
percent WOs. Initial production is sched- 
uled for late 1970 or early 1971. 

Burnt Hill Tungsten & Metallurgical 
Ltd. continued evaluation and develop- 
ment of its tungsten property in York 
County, New Brunswick, as a three-com- 
partment shaft was completed to the 160- 
foot level. Present indications show that in 
addition to tungsten this property will be 
able to economicall produce byproduct 
bismuth, tin, and molybdenum. 

Exploration and preliminary develop- 
ment of a large volume, low-grade tung- 
sten deposit at the Grey River Settlement 
on Newfoundland's South Coast was con- 
tinued. Metallurgical, engineering, and eco- 
nomic studies will be conducted during 1970 
to determine the feasibility of bringing the 
property into production. This deposit 
may be a geological continuation of a re- 
ported tungsten deposit in the Recontre 
West Area just south of the Grey River 
site. 

China, mainland.—Although no official 
statistics are available on the country's 
tungsten activities it is believed that tung- 
sten production fell 50 percent between 
1962 and 1968. In 1968, over half of the 
Chinese tungsten was exported to the free 
world, primarily certain Western European 
countries, (63 percent), and to Eastern 
European Bloc countries (37 percent). 
While data on trade with the U.S.S.R. in 
1968 is not available, it is estimated to be 
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insignificant and less than the 6 million 
pounds, tungsten content, reported as 
U.S.S.R. imports in 1967. It is thought 
probable that mainland China has in- 
creased domestic consumption and has 
been stockpiling tungsten as it has a wide 
range of other metals. | 

Czechoslovakia.—A new ferroalloy plant 
situated just outside of Prague which was 
due to become operational during the year 
has been delayed for about a year. This 
left the country with a surplus of tungsten 
at mid-year which they tried unsuccessfully 
to resell. However, by yearend, the absence 
of tungsten from mainland China reversed 
the situation and caused a shortage of sup- 
ply. Most of this shortage will be made up 
by material purchased by traders from the 
GSA stockpile. 

Germany, [East.—Import-export data 
tend to confirm reports in the commercial 
trade literature that shipment of tungsten 
concentrate from mainland China to its 
traditional Eastern and Western European 
countries was effectively discontinued dur- 
ing the year. As a result substantial 
amounts of tungsten concentrates, pur- 
chased by traders from GSA were shipped 
to East Germany during the year. It was in- 
dicated in early fall that East Germany 
was in the market for some 1,000 tons of 
tungsten concentrate presumbly for its own 
consumption. 

India.—A new tungsten deposit which, 
when developed, could contribute to a re- 
duction in tungsten imports was discovered 
in the East Godavari District of Tamil 
Nadu State. Investigation and final exploi- 
tation will be conducted by the State Min- 
ing Corporation. Currently, India imports 
tungsten concentrate primarily for use in 
its tungsten carbide industry. 

Israel.—One of the country's rapidly 
growing industries, Iscar Ltd. of Nahariya, 
just north of Haifa, produces tungsten car- 
bide for export from imported .tungsten 
base material. Iscar intends to double 
tungsten carbide production by the end of 
1970 or early 1971. 

Mexico.—Tormex Mining Developers 
have taken a 2-year option to purchase a 
49-percent interest in the Baviacora tung- 
sten mine in the state of Sonora. This 
mine currently processes some 80 tons of 
ore per day and produces about 15 tons of 
scheelite per month. Tormex is investigat- 
ing the possibility of sufficient ore to sup- 
port a larger open-pit type of operation. 
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Peru.—Commercial tungsten deposits 
were recently discovered at Purhuay, near 
Huari. Upon completion of a road to the 
deposits a Japanese company will report- 
edly begin mining operations. 

Poland.—Trade data indicates that much 
or all of the tungsten formerly supplied 
to Poland by mainland China is now 
being supplied by U.S. traders who ob- 
tained it from the GSA stockpile. Poland 
is reported to have contracted for about 
1,650 tons of concentrate over a 6-month 
period. 

Portugal.—The Beralt Tin and Wolfram 
Ltd. announced plans to increase produc- 
tion at its Panasqueira wolframite mine by 
50 percent to 2,400 short tons of tungsten 
concentrate annually. The new production 
rate is expected to be reached in the latter 
part of 1970. 

Sudan.—Tin-tungsten deposits on the 
west bank of the Nile River about 45 
miles north of Khartoum are being investi- 
gated. If sufficient material can be outlined 
to justify commercial operations the ore 
will be mined and preconcentrated at the 
site prior to transportation by truck and 
rail to a site for further processing. 

Uganda.—Early in the year a new tung- 
sten deposit was located about 45 miles 
northeast of Mbarara in an area previously 
not known to be mineralized. During the 
first 6 weeks after the find was made, sev- 
eral tons of wolfram concentrate were re- 
covered by mining operations using simple 
hand tools and panning methods. The pos- 
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sibility of finding other tungsten deposits 
in the general area is considered to be 
good. 

U.S.S.R.—An exploration program is be- 
ing conducted on the Ukrainian plateau in 
the general region of the Krivoi, Rog, and 
Dnepropetrovsk deposits to evaluate the 
economic potential of tungsten and other 
mineral ores located some 100 to 200 feet 
below the surface. The Soviet Union con- 
tinued to be a net importer during the 
year, and it was believed that Soviet tung- 
sten processing capacity exceeds the avail- 
able supply of concentrate. Reportedly 
some of the GSA stockpile material sold 
to traders during the year would be shipped 
to the U.S.S.R. in early 1970. This could 
involve a barter-type of arrangement in 
which ferrotungsten would be supplied as 
payment for the:tungsten concentrate. 

Tungsten ore processing facilities at the 
Primorsky ore-milling complex in the far 
eastern region of the U.S.S.R. began exper- 
imental production of tungsten concentrate 
during the year from rich tungsten ore de- 
posits of the Ussuri area in the north Pri- 
morye. This tungsten processing facility is 
scheduled to be commissioned in late 1971 
or early 1972 at which time the plant will 
be operating at designed capacity. 

United Kingdom.—During the year it be- 
came apparent to the tungsten trade that 
a regular “toll” processing of tungsten con- 
centrate from Czechoslovakia was being 
conducted by U.K. processors to remove 
high. tin impurties. 


TECHNOLOGY 


Studies conducted by Bureau of Mines' 
engineers indicated that both rhenium and 
tungsten metal powder could be reclaimed 
from scrap tungsten alloys containing 
about 25 percent rhenium by oxidation at 
950° C to separate volatile rhenium hep- 
toxide from tungsten’  trioxide.* The 
efficiency of this recovery technique was 
approximately 96 percent. 


Bureau metallurgists investigating the 
preparation of tungsten carbide by mol- 
ten-salt electrolysis found that optimum re- 
sults were obtained with an electrolyte 
consisting of 87 mole-percent sodium chlor- 
ide and 5.7 mole-percent each of sodium 
tungstate, sodium metaborate, and sodium 
hydroxide; a temperature of 1,000? to 
1,025? C; an anode current density of 37 


amp per decimeter? (dm?) or less; and an 
initial cathode current density of 150 amp 
per dm2.5 Under these conditions the yield 
of friable electrolytic tungsten carbide was 
approximately 0.45 grams per amp hour 
(g/amp hr.). 

Technical progress reviews of tungsten 
alloy development, irradiation effects, 
methods of fabrication, oxidation and cor- 
rosion resistance, and coating studies of 
tungsten were conducted for the U.S. 
Atomic Energy Commission (USAEC) with 


t Ferrante, M. J., F. E. Block, A. D. Fugate, 
and F. kirvin. Recovery of Rhenium From 
Tungsten-Rhenium Alloy. BuMines Rept. of Inv. 
7254, April 1969, 11 pp. 

Gomes, John M., and M. M. Wong. Prepara- 
tion of Tungsten Carbide by Electrodeposition. 
BuMines Rept. of Inv. 7247, April 1969, 13 pp. 
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special emphasis on high-temperature reac- 
tor-material applications. 6 

Extensive interest was shown in the use 
of the specialized nuclear and high-temper- 
ature properties of tungsten-based alloys 
for application in large nuclear aircraft 
systems. 7 

A new method of reclaiming tungsten 
and other refractory metal carbides was 
developed by Bureau metallurgists in 
which molten zinc is used to disintegrate 
the carbide mass by forming an alloy with 
the cobalt binder.8 The advantages of 
these methods are simplicity and direct- 
ness, efficiency and inexpensiveness, no 
solid waste products, high purity of re- 
claimed products, total use of reject scrap, 
and recyclable reagent (zinc). 

During the year, the English language 
translation of a detailed Soviet technical 
publication became available which evalu- 
ated studies of the oxidation of tungsten, 
structural tungsten alloys, protective coat- 
ings for tungsten, and problems in the 
production of high-temperature tungsten- 
base structural materials. 9 

The mechanical behavior of commercial 
grades of tungsten carbide (WC) contain- 
ing from 4 to 25 weight percent cobalt 
(Co) binder was evaluated and related to 
the material microstructure, including the 
interaction between WC and Co during 
sintering and subsequent cooling. 10 

X-ray stress-analysis studies of cemented 
tungsten carbide cermets were conducted 
to (1) evaluate the factors that influence 
Stress measurement for the WC phase in 
WC-Co cermets and (2) to evaluate the 
effect of Co content on the temperature 
stress in WC-Co cermets.11 

A highly successful method of cold ma- 
chining refractory tungsten bar stock at 
—40° F has been developed by Argonne 
National Laboratory using 25 percent 
trichlorethylene in mechanically refriger- 
ated stoddard solvent as the coolent.12 Ex- 
amples of the success of this new tech- 
nique are indicated by the reduction in 
machining time from 7 hours to 20 min- 
utes and by the increase in tool life by a 
factor of four. 

Continuing studies of the dispersion- 
hardening, grain growth, and preferred 
orientation effects of thorium oxide 
(ThoOz) additives to tungsten indicated 
that additions of 3.8 volume percent of 
thoria (ThOz) enhanced the yield strength 
at temperatures in excess of 2,7009 C. 13 
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A method of obtaining fine-grain, non- 
columnar tungsten by chemical vapor dep- 
osition (CVD) was developed which in- 
volves the partial nitriding of the tungsten 
to tungsten nitride (W2N) during 
deposition and subsequent decomposition 
of the Wal following deposition by heat 


€ Simons, E. M., S. W. Porembka, Jr., and D. L. 
Keller. Reactor Materials. V. 12, Nos. 1-4, 1969, 


5 pp. 

U.S. Atomic Energy Commission. Fundamental 
Nuclear Energy Research—1969. January 1970, pp. 

7 Bridges, W. L. Materials for The Heat Trans- 
port System of an Aircraft Nuclear Powerplant. 
ER 9898, Lockheed-Georgia Co.—A Division of 
Lockheed Aircraft Corp., Marietta, Georgia, Octo- 
ber 1968, 90 PP. 

Gritton, E. C., and B. Pinkel. The Feasibility 
of the Gaseous-Core Nuclear Reactor for Electric 
Memorandum RM-5721-PR, 
The RAND Corp., Santa Monica, Calif. (Prepared 
for: U.S. Air Force Project RAND under Contract 
No. F44620-67C-0045), June 1969, 63 pp. 

Leonard, Anthony. Out-of-Pile Thermionic 
Space Power Systems Using A Gaseous Heat- 
Transfer Fluid. Memorandum RM-4469-PR, The 
RAND Corp., Santa Monica, Calif. (Prepared for: 
U.S. Air Force Project RAND under Contract. No. 
AF-49 (638) -700), September 1965, 42 pp. 

Miller, M. The Nuclear Airplane Now! 
Industrial Research, v. 12, No. 3, March 1970, 


pp. 48-50. 

Nuclear Aircraft. PDP-74, Lockheed-Georgia 

0.—A Division of Lockheed Aircraft Corp., 
Marietta, Georgia, April 1969, 79 pp. 

Pinkel, B. The Impact of the High Development 
Cost of Advanced Flight Propulsion Systems on 
Development Policy. Memorandum RM-4560-PR, 
The RAND Corp., Santa Monica, Calif., (Prepared 
for: U.S. Air Force Project RAND under Contract 
No. AF-49(638)-700), October 1965, 64 pp. 

Romig, Mary F. The Influence of Electric and 
Magnetic Fields on Heat Transfer to Electrically 
Conducting Fluids. Memorandum RM-3336-1-PR, 
The RAND Corp., Santa Monica, Calif., (Prepared 
for: U.S. Air Force Project RAND under Contract 
AF-49 (638) -700), September 1965, 147 pp. 

8 Barnard, Paul G., Aaron G. Starliper, and H. 
Kenworthy. Bureau of Mines Research: Reclaiming 
Refractory Carbides and Cobalt From Cemented- 
Carbide Scrap. Secondary Raw Materials, v. 7, 
No. 9, September 1969, pp. 19-21. 

*Ivanov, V. Ye, Ye. P. Nechiporenko, L. N. 
Yefinmenko and M. I. Yurchenko. High-tempera- 
ture Oxidation Protection of Tungsten. Clearing- 
house for Federal Scientific and Technical Infor- 
mation, Springfield, Va., NASA Technical 
Translation TT-F-583, August 1969, 125, pp. 

1 French, David N. The Microstructure and 
Microproperties of WC-Co Alloys. International 
J. of Powder Metallurgy, v. 5, No. 8, July 1969, 
pp. 47-60. 

11 French, David N. X-Ray Stress Analysis of 
WC-Co Cermets: 1, Procedures, J. of the American 
Ceramic Soc., v. 52, No. 5, May 21, 1969, pp. 


267-271. 

. X-Ray Stress Analysis of WC-Co Cermets: 
ll, Temperature Stresses. J. of the American 
Ceramic Soc., v. 52, No. 5 May 21, 1969, pp. 
271-275. 

12 Matching the Exotics: Subzero Coolents Work 
for Argonne. Steel, v. 164, No. 10, Mar. 10, 1969, 
pp. 49-52. 

u King, George W. An Investigation of the 
Yield Strength of a Dispersion-Hardened W-3.8 
vol-pct ThO; Alloy. Trans. of Met. Soc. of 
AIME, v. 245, No. 1, January 1969, pp. 83-89. 

Walter, J. L., and A. U. Seybolt. Effect of 'ThOs 
Particles on Grain Growth and Preferred Orienta- 
tion in Tungsten Sheet. Trans. of Met. Soc. o 
AIME, v. 245, No. 5, May 1969, pp. 1093-1099. 
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treatment.14 The presence of this second 
phase (W>N) altered the growth pattern 
of the depositing tungsten and eliminated 
the columnar grain growth present in /for- 
mer CVD techniques. 

In a study to determine the high-tem- 
perature formability and ductility of tung- 
sten and other refractory metals a special 
forge was designed which operates at con- 
trolled temperatures in a protective atmos- 
phere to predetermined amounts of 
deformation. 18 Since the maximum tem- 
perature of 1800? C can be attained very 
rapidly, in 2 to 3 minutes, grain growth is 
reduced to a minimum while the con- 
trolled atmosphere prevents oxidation. 
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Tungsten metal filaments have been de- 
veloped which are reinforced by boron-car- 
bide (B4C) coatings applied by vapor 
deposition.16 These coated filaments are 
stronger than the starting material and use 
of this technique may result in a more sta- 
ble filament. 


14 Landingham, R. L., and J. H. Austin. Fine- 


Grain Tungsten by Chemical Vapor Deposition. 
J of Less Common Metals, Amsterdam, the 

etherlands, v. 18, No. 8, July 1969, pp. 229-248. 

15 Habermann, C. E., A. L. Rafalski, and R. D. 
Hansen. A High-Temperature Forge for Refractory 
Metals. J. Less Common Metals, Amsterdam, the 
Netherlands, v. 18, No. 2, June 1969, pp. 105-109. 

% McCreight, Louis R. Boron Carbide Resists 
Heat. Metal Progress, v. 95, No. 8, March 1969, 
pp. 110, 118-116. 
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Uranium 


By John G. Parker? 


Evidence for the continuing long-term 
need for uranium raw material was shown 
in the increasing amount of exploration 
and development work conducted in 1969. 
Driling for these purposes reached 29.9 
million feet during the year, a 25-percent 
increase over 1968, the previous record 
year. Procurement by the U.S. Atomic En- 
ergy Commission (AEC) decreased 16 per- 
cent as that agency started phasing out its 
role as the chief purchaser of uranium ore 
concentrates. Exports of enriched uranium 
increased and future shipments were as- 
sured as the AEC signed a multilease con- 
tract with the European Atomic Energy 
Community (Euratom). 

Legislation and Government Regula- 
tions.—Hearings before the Joint Commit- 
tee on Atomic Energy included those on 
amendments to the Atomic Energy Act, ra- 
diation standards for uranium mining, en- 
vironmental effects of producing electric 
power, and future ownership of gaseous 
diffusion plants.? The report quoted Presi- 
dent Nixon's announcement on November 
10 that he was requesting AEC to continue 
operating the uranium enrichment plants 
for an indefinite period until they could 
be sold to industry. A separate AEC direc- 
torate, managing the enrichment facilities, 
will maintain separate accounting records 
and publish periodic financial reports simi- 
lar to those of commercial enterprises.3 
Bills before Congress during the year in- 
cluded S. 1628 and H.R. 9304 requesting 


Congressional consent for the Western In- 
terstate Nuclear Compact, an agreement 
between States to provide for regional co- 
operation in nuclear matters, and H.R. 
12498, which would amend the Atomic En- 
ergy Act of 1954, permitting a State, with 
AEC agreement, to establish standards for 
the discharge of radioactive material from 
a nuclear powerplant. The latter bill 
would, if enacted, authorize imposition by 
the States of more restrictive standards 
than are now imposed by AEC. 


In response to a request from AEC early 
in the year to reduce deliveries of U3Og 
due in 1969 and 1970 under procurement 
contracts, six companies proposed to de- 
crease shipments to AEC by a total of 
4,000 tons. When all purchase contracts 
are completed, the AEC estimated it would 
have a surplus of about 50,000 tons of 
UsOs in concentrates. AEC rules and regu- 
lations, including new regulations or 
amendments put into effect or proposed in 
1969, also were reported in the Commis- 
sion's report.5 


1 Physical scientíst, Intermountain Field Opera- 
tion Center, Denver, Colo. 

2 Congressional Record. Activities and Accom- 
plishments of the Joint Committee on Atomic 
Energy in the 91st Congress, First Session (1969). 
Dec. 19, 1969, pp. H 12826-H 12890. 

3 U.S. Atomic Energy Commission. Major Acti- 
vities in the Atomic Ene Programs. January- 
December 1969. January 1970, p. 48. 

* Page 35 of work cited in footnote 3. 

s Pages 60-62, 307-311 of work cited in footnote 3. 


Table 1.—Salient uranium statistics 


(Short tons) 
1965 1966 1967 1968 1969 
United States: 
Mine ore shipments...................- 4,885,995 4,352,651 5,276,088 6,446,829 65,883,527 
Concentrate (U 30; content): 
AEC procurement 10,442 9,487 8,425 7,888 6,184 
Private industry sales 22. 100 700 5,000 4,750 
Imports: Concentrate (U O)) 2,986 2,123 1,309 470 1,504 
Free world: Production (UO) . 20,589 19,520 19,098 22,772 p 21,632 


e Estimate. p Preliminary. 
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Radiation standards for mining were 
amended, pursuant to sections 1 and 4 of 
the Walsh-Healey Public Contracts Act.$ 
In anticipation of the time when private 
industry will own and not lease uranium 
for reactor use, a system of accounting for 
nuclear fuel and byproduct materials was 
proposed. 

Three more States—North Dakota, South 


Carolina, and Georgia—signed agreements 
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with the AEC whereby they assumed regu- 
latory authority over the use of byproduct 
material, source material, and fess-than- 
critical quantities of special nuclear mate- 
rial within their borders.8 

The depletion allowance for both domes- 
tic and foreign mining of uranium ores 
was lowered from 23 to 22 percent. The 
new rate was effective with taxable years 
beginning after October 9, 1969. 


DOMESTIC PRODUCTION 


Mine and Mill Production.—About 310 
mining operations in 7 States produced 5.9 
million tons of uranium ore in 1969, 9 
percent less than was produced by 320 op- 
erations in the previous year. New Mexico 
again was the leader in output with 50 
percent of the total recoverable uranium 
oxide, followed by Wyoming with 28 per- 
cent and Colorado with 12 percent. Fol- 
lowing in order were Texas, Utah, Ari- 
zona, and South Dakota. 

During the year, 15 mills processed 
uranium ores and 10 of them shipped 
6,184 tons of U3Og concentrate to the AEC. 
This compared with 7,338 tons shipped 
from 16 mills in 1968. The mills which 
supplied the AEC during 1969, those 
which proposed to reduce deliveries to the 
AEC, and the five which sold only to pri- 
vate companies in 1969 are shown in table 
3 (Uranium ore-processing plants, Decem- 
ber 31, 1969). 

As of January 1, 1970, AEC estimated 
that domestic ore reserves, at $8 or less per 
pound, totaled 204,080 tons UsOs in 96.6 
million tons of ore with an average grade 
of 0.21 percent. Most of the reserves were 
in deposits of Jurassic and early Tertiary 
age, in coarse clastic rocks, and occur 
largely in New Mexico and Wyoming. 
About 58 percent of the output would 
come from open pit mines; practically all 
of the rest were from underground opera- 
tions. 

As an index of uranium exploratory and 
developmental activities, 75,900 holes with 
an average depth of 390 feet were drilled 
compared with 50,000 holes averaging 410 
feet in depth in 1968. The 29.9 million 
feet total in drilling—46 percent in Wyo- 
ming, 22 percent in Texas, 19 percent in 
New Mexico, and the rest in 11 other 
States—was more than 25 percent greater 
than 1968, the previous record year.10 Ex- 
ploratory drilling amounted to 20.5 million 
feet, nearly 70 percent of the total. 


The uranium ore-processing plant being 
built by Susquehanna-Western, Inc., in 
the Ray Point area of Live Oak County, 
Tex., will be expandable to 2,000 tons per 
day and was scheduled for operation in 
1970.11 Atlas Corp. made arrangements 
with the AEC to deliver 360,700 pounds of 
UsOs in concentrate in 1969-70 instead of 
the original contract 3.2 million pounds. 
To sell the additional 2,889,300 pounds at 
the low contract price to AEC would mean 
that the Moab, Utah, uranium processing 
plant either would have to be closed in 
1969 and 1970 or operate at substantial 


losses during those years. It would be ben- 


eficial to sell the additional output on the 
commercial market or to mill uranium 
ores on a custom or toll basis, especially 
because of fire losses sustained by the proc- 
essing plant in late 1968.12 Western Nu- 
clear, Inc. terminated deliveries of ura- 
nium concentrate to AEC as of June 30, 
1969, delivering only under commercial 
contract after that date. The Petrotomics 
mill, half owned by Kerr-McGee Corp., 
completed an expansion early in 1970, 
with the extra capacity being scheduled 
for custom milling ore from the North 
Walker mine.18 


6 U.S. Department of Labor. Part 50-204— 
Safety and Health Standards for Federal Supply 
Contracts. Radiation Standards in Mining; Pro- 
To for Variations. 41 F.R. 6779, Apr. 23, 
196 


? U.S. Federal Power Commission. Nuclear Fuel. 
Uniform System of Accounts for Public Utilities 
and Licensees (Classes A and B) and FPC Form 1 
18 F.R. 11382-11384, July 9, 1969. 

8 Page 150 of work cited in footnote 3. 

* U.S. Atomic Energy Commission. Statistical 
Data of The Uranium Industry. Jan. 1, 1970, 
Grand Junction, Colo., pp. 26, 29-30, 32-83. 

10 U.S. Atomic Energy Commission. U.S. Uran- 
ium Mining Industry Sets New Drilling Record 
of 29,900,000 Feet in 1969. Press Release N-14, 
Feb. 6, 1970, 3 pp. 

1 Skillings’ Mining Review. Uranium Extracting 
Mill to be Built by McKee. V. 58, No. 26, June 
28, 1969, p. 6. 

12 Atlas Corp. Annual Report, Fiscal Year ended 
june 30, 1969, 15 pp. 

13 Kerr-McGee Corp. Annual Report 1969, 28 pp. 
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The Cimarron Uranium Fuels Plant, 
Kerr-McGee's operation north of Oklahoma 
City, Okla, began producing uranium 
dioxide pellets from uranium hexafluoride 
for the commercial fuel market in the 
third quarter of 1969.14 

Refining and Enrichment.—During 1969 
over 3 million pounds of enriched ura- 
nium were shipped from the gaseous diffu- 
sion plant, operated for AEC by Union 
Carbide Corp., at Oak Ridge, Tenn.15 The 
other two gaseous diffusion enrichment 
plants are at Paducah, Ky., also operated 
by Union Carbide, and the Portsmouth 
Gaseous Diffusion Plant near Piketon, 
Ohio, operated by Goodyear Atomic Corp. 
As part of a planned reduction in power 
usage by these plants, total use of electric- 
ity was reduced finally to 2 million kilo- 
watts, a level of operation which was 
scheduled to continue into 1970.16 The 
ownership and management of such facili- 
ties were discussed.17 During 1969, the 
AEC sold nearly $61 million worth of ura- 
nium toll enrichment services, more than 
$46 million of which were for enriched ura- 
nium delivered to domestic firms.18 

The Allied Chemical Corp. plant at Me- 
tropolis, III., was the only commercial ura- 
nium hexafluoride (UFg) operation in the 
United States; it converted over 5,000 tons 
of uranium to UFg in 1969. At yearend, 
construction was completed on the Kerr- 
McGee Sequoyah UFg¢ conversion plant in 
eastern Oklahoma, and it was expected 
that commercial deliveries of the material 
would come from the 5,000 tons-per-year 
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operation by May 1970.19 The commercial 
charges were quoted in the AEC publication. 

Kerr-McGee also was building the Cim- 
arron plutonium plant north of Okla- 
homa City to Proces and  fabricate 
plutonium nuclear fuels.20 The plant will 
process plutonium and plutonium-uranium 
solutions into ceramic powders, which then 
will be pressed and sintered to form fuel 
pellets. Standard Oil Co. (N.J.), through a 
subsidiary named Jersey Enterprises, Inc., 
said it will work with Battelle-Northwest 
in a uranium and plutonium fuel elements 
developmental program in the Richland, 
Pasco, and Kennewick area of eastern 
Washington.21 

Heavy Water.—Production in the Savan- 
nah River heavy water plant, near Aikin, 
S.C., decreased slightly in 1969. As in pre- 
vious years, total sales exceeded output 
and succeeded in further reducing the 
AEC inventory.22 


14 Work cited in footnote 13. 
16 Union Carbide Corp. Annual Report 1970, 


8 pp. 

16 Pages 46-47 of work cited in footnote 3. 

17U.S. Atomic Energy Commission. Summary 
Report by AEC Staff on Future Ownership and 
Management of Uranium Enrichment Facilities 
in the United States. March 1969, 81 Pp. 

15 U.S. Atomic Energy Commission. C Sells 
$60.8 Million Worth of Uranium Toll Enrich- 
ment Services in 1969. Press Release N-18, Feb. 
12, 1970, 2 pp. | 

19 U.S. Atomic Energy Commission. The Nuclear 
Industry 1969. Dec. 3, 1969, pp. 44-45. 

Page 11 of work cited in footnote 15. 

20 Kermac News. Plutonium. April 1969, pp. 2-3. 

21 Chemical Engineering. V. 76, No. 7, Apr. 7, 
1969, p. 67. Chemical & Engineering News. V. 
47, No. 14, Mar. 31, 1969, p. 19. 

23 Page 54 of work cited in footnote 3. 


Table 2.—Uranium mine and mill production in 1969, by States 


Ore shipped Recoverable U: O: content Concentrate 
purchased by AEC 
State Number ——T- 
Short Value Thou- Value of mills Ui Cost 
tons (thou- Percent sand (thou- thousand (thou- 
sands) pounds sands) pounds sands) 
Colorado 620,641 811,772 0.24 2,786 $16,985 1 11,929 1$11,288 
New Mexico. . 3, 057, 592 45, 659 .20 11,811 69,887 8 8,208 48,009 
tag 298,7 4,581 .20 , 140 6.824 1 (1) gj 
Wyoming...... 1,586,546 26,758 .28 6,716 40,318 4 2,290 18,044 
Other States 2. 370, 002 5, 525 19 1.344 8,196 1 (1) (1) 
Total.... 5,888,527 94,240 0.21 28,747 142,160 10 12,867 72, 8386 


1 Colorado, Utah, and other States combined to avoid disclosing individual company confidential data. 
? Ore shipments: Arizona, South Dakota, and Texas; Mills: South Dakota 1; Concentrates: South Dakota. 
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Table 3.—Uranium ore-processing plants, December 31, 1969 


State and company Plant location Nominal capacity, 
tons ore per day 
Colorado: 
American Metal Climax, Inc. 1 Grand Junction 500 
Cotter o . occa cedo ... . . .... Canon City......................- 400 
Union $ Car ide a EE 57 1. 500 
Pinnacle Exploration, Inc. ee Merohall Eeer (2) 
New Mexico: 
The Anaconda C ‚ o Blueeater _._._..........-_-----.- 8,000 
Kerr-McGee Corp. GIAN... Sur otu uuu ee 6,000 
United Nuclear-Homestake Partners ?......... .... J))!!!Üö» yy C MC 3,500 
TOUR Dakota: Mines Development, Ine... Edgemont.......................- 650 
exas: 
Susquehanna-Western, Inc.1................- , niis 1,000 
DOS uu aiu u Ray Point... RES 41,000 
Utah: Atlas Corp.“ ᷣꝝ. -00 --0annManMMMOMM EOD EES 1,500 
Washington: Baum Mining Co. III. SI e EE ¢ 450 
Wyoming: 
Federal-American Partners zz lll A kcds 9 
Petrotomics Co.uiu]]! . L... eee Shirley Basin 71,000 
Union Carbide Corp Gas Hills ,000 
Utah Construction & Mining Co. Gas Hills 1,200 
%%; ³˙¹wu ⁰yt C Shirley Basin 41,200 
Western Nuclear, Inc. 22 Jeffrey Citi 1. 200 
Iſꝓ½qdñu ꝛ ²¹ꝛ ..... ³⁰•˙- Ay ß sa 26, 000 


1 Private sales only. Mines Development, Inc. shipped a small quanti 
recirculating mine water—TPD not applicable. 
eliveries to AEC, contracts with which terminate Dec. 31, 1970. 


2 Concentrate recov from 
3 Proposed to reduce 


4 Under construction. 


to AEC. 


5 Damaged by fire in Dec. 1968 and operations resumed in July 1969. 


* Operation commenced early in 1970. 


7 Expansion by 50 percent was completed early in 1970. 


Sources: U.S. Atomic Energy Commission. Major Activities in the Atomic Energ 


Programs, January- 


December 1969, January 1970, p. 53; U.S. Atomic Energy Commission. The Nuclear Industry 1969. Dec. 3, 


1969, p. 38. 


CONSUMPTION AND USES 


The trend foward private ownership of 
uranium was reflected in sales; about 43 
percent of uranium concentrate by value, 
were shipped to private firms in 1969, an 
increase of 5 percent over the previous 
year's value, but a slight decrease by 
volume. Apparent consumption, however, 
based on these sales and lower AEC 
purchases was about 11 percent lower than 
in 1968. 

Weapons and Explosive Applications.— 
Output from the production reactors at 
Hanford near Richland, Wash., and at Sa- 
vannah River near Aiken, S.C, was di- 
rected primarily toward making weapons 
for existing tactical »and strategic systems. 
Economic consideration led to the startup 
of a system at the Savannah River plant to 
reclaim components from stockpile and 
thus reduce the need for new production.23 
The Rocky Flats plutonium weapons 
fabricating plant near Denver, Colo., was 
heavily damaged by fire on May 11. Dam- 
age was estimated at $45 million; this 
figure includes the large amount spent on 
decontamination but not the cost of plu- 
tonium recovery. By late 1969, about 80 


percent of the damaged building and more 
than 99 percent of the plutonium had 
been retrieved.24 

Underground testing of nuclear explo- 
sives was conducted, mostly at AEC’s Ne- 
vada Test Site.25 A controversial under- 
ground nuclear calibration test was carried 
out at Amchitka Island, Alaska, on October 
2, but no serious detrimental after effects 
were observed.26 Project Rulison, a joint 
Government-industry experiment under the 
Plowshare program, was detonated on Sep- 
tember 10 in Grand Valley, Colo., 45 miles 
northeast of Grand Junction.27 By explod- 
ing a 40-kiloton nuclear device at a depth 
of 8,430 feet, the AEC, U.S. Department of 
the Interior, and Austral Oil Co, with 
CER Geonuclear Corp. acting as program 


Pages 70, 72 of work cited in footnote 3. 


24 Pages 72—74 of work cited in footnote 3. 
U.S. Atomic Energy Commission Press Release 
M-257. Nov. 18, 1969. 6 pp. 

25 » Pages 74—77, 305 of work cited in footnote 3. 
æ% Pages 75-76 of work cited in footnote 3. 
U.S. Atomic Energy Commission. Press Release 

M-240, Oct. 22, 1969. 6 pp. 

21 Pages 195, 198 of work cited in footnote 3. 
Page 239 of work cited in footnote 19. Canadian 
Mining Journal. Rulison Detonated. V. 90, No. 10, 
October 1969, p. 27 


URANIUM 


manager, hoped to stimulate natural gas 
recovery from the Mesaverde formation. 
Like the Amchitka experiment this, too, 
was the subject of considerable controversy, 
but there was no release of radiation to 
the atmosphere. Production tests were 
scheduled during 1970. Results of an ear- 
lier experiment, Project Gasbuggy, con- 
ducted in the San Juan basin, N. Mex., by 
El Paso Natural Gas Co., AEC, and the U.S. 
Bureau of Mines in December 1967, indi- 
cated an eightfold increase in production 
from the rock formations was possible be- 
cause of the explosion.28 


Civilian Reactors.—New estimates made 
by the AEC for the growth of nuclear 
power indicated that there would be 
130,000 to 170,000 Mwe of installed nuclear 
power by 1980, but recent projections by 
private institutions showed a range of 
160,000 to 195,000 Mwe by that time.29 


In 1969 nuclear electrical capacity was 
increased by over 1,500 Mwe as three new 
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plants—Oyster Creek Nuclear Power Plant, 
Unit 1, Toms River, NI: Nine Mile Point 
Nuclear Station, Scriba, N.Y.; and Robert 
Emmett Ginna Nuclear Power Plant, Unit 
1, Ontario, N.Y.—went critical. The Oyster 
Creek boiling water reactor, about 35 miles 
north of Atlantic City, became operational 
on May 3 and reached its authorized 
power level on December 7. The Nine 
Mile Point reactor, also a boiling water 
type which is located on the shore of Lake 
Ontario about 7 miles northeast of Os- 
wego, became operational on September 5. 
The Robert Emmett Ginna plant, which 
became operational on November 9, is a 
pressurized water reactor also situated on 
Lake Ontario, about 16 miles from 
Rochester.39 Table 4 lists all domestic cen- 
tral-station nuclear powerplants . which 
were in operation, being built, or planned 
at yearend. 


% Page 198 of work cited in footnote 3. 
29 Pages 136-137 of work cited in footnote 19. 
30 Pages 121-122 of work cited in footnote 3. 


Table 4.—Principal domestic civilian nuclear power reactors 
Electrical Initial 
Reactor Location Type! capacity, criti- 
megawatts. cality 
(Mwe) 
OPERABLE 
Bhippingport Atomic Power Station Shippingport, | CES NR PWR... 90 1957 
uclear Power Station, Unit 1. Morris, III WR... 200 1959 
Yankee Nuclear Power Station Rowe, Mass PWR. 175 1960 
Big Rock Point Nuclear Plant Big Rock Point, Mich.... BWR..... 70 1962 
Elk River Heaetor ------------ Elk River, Minn BWR..... 22 1962 
Indian Point Station, Unit 1.............. Indian Point, N.Y....... PWR..... 265 1962 
Enrico Fermi Atomic Power Plant......... Lagoona Beach, Mich.... FBR... 61 1963 
Humboldt Bay Power Plant, Unit 3. Eureka, Cali BWR..... 69 1963 
Peach Bottom Atomic Power Station, Unit 1. Peach Bottom, N HT GR.. 40 1966 
San Onofre Nuclear Generating Station. .... San Clemente, Calif. PWR..... 430 1967 
LaCrosse Boiling Water Reactor .. Genoa, Wiss. BWR..... 50 1967 
Connecticut Yankee Atomic Power Plant... Haddam Neck, Conn PWR... 575 1967 
Oyster Creek Nuclear Power Plant, Unit 1. Toms River, N. J. BWR..... 515 1969 
Nine Mile Point Nuclear Station Scriba, N.Y K WR..... 500 1969 
Robert Emmett Ginna Nuclear Power Plant, i 
Uni I EE Ontario, N. y PWR..... 420 1969 
Total operable capacity. ...............---2..--- 2-62 - LLL LLL eL cL ese cse 8,482 
UNDER CONSTRUCTION 
Dresden Nuclear Power Station, Units 2 and 
)))... 8 Morris, III BWR..... 1,618 1970 
Millstone Nuclear Power Station, Unit 1... Waterford, Conn BWR..... 652 1970 
H. B. Robinson S. E. Plant, Unit 2 Hartsville, B.C 223 Z su S PWR..... 700 1970 
Palisades Nuclear Power Station, Unit 1... South Haven, Mich PWR..... 700 1970 
Monticello Nuclear Generating Plant Monticello, Minn........ BWR..... 545 1970 
uad-Cities Station, Units 1 and 22 Cordova, Ill... ......... BWR..... 1,618 1970-71 
oint Beach Nuclear Plant, Units 1 and 2.. Two Creeks, Wiss. PWR. 994 1970-71 
Surry Power Station, Units 1 and 222 .-- Gravel Neck, Va.. PWR... 1,560 1970—71 
Oconee Nuclear Station, Units 1, 2, and 3. Seneca, S. Coco. PWR..... 2,618 1970-72 
Vermont Yankee Generating Station Vernon, NL. WR..... 514 1971 
Fort Calhoun Station, Unit 1............. Fort Calhoun, Nebr..... PWR..... 457 1971 
Pilgrim Station Plymouth, Maes ...__.. BWR..... 625 1971 
Fort St. Vrain Nuclear Generating Station.. Platteville, Colo GCR..... 880 1971 
Cooper Nuclear Station Brownville, Nebr........ BWR..... 778 1971 
Browns Ferry Nuclear Power Plant, Units 
/ cd ec ĩðͤ ecatur, Ala BWR..... 8,194 1971-72 
Turkey Point Station, Units 8 and 4 Turkey Point, Fla PWR..... 1,303 1971-72 


See footnotes at end of table. 
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Table 4.—Principal domestic civilian nuclear power reactors—Continued 


Electrical Initial 
Reactor Location Type! capacity, criti- 
megawatts cality 
(Mwe) 
UNDER CONSTRUCTION—Continued 
Peach Bottom Atomic Power Station, Units 

17 eee eke EANES Peach Bottom, Pa....... BWR..... 2,130 1971-72 
Indian Point Station, Units 2 and 3 Indian Point, N. ....... PWR..... 1,838 1971-73 
Zion Station, Units 1 and 22 Zion, III. PWR..... 2,100 1971-73 
Diablo Canyon Nuclear Power Plant, Unit 1. Diablo Canyon, Calif... . PWR..... 1,060 1972 
Maine Yankee Atomic Power Plant iscasset, Maine........ PWR... 790 1972 

ewaunee Nuclear Power Plant Carlton, Wis PWR..... 527 1972 
Crystal River Plant, Unit 3............... Red Level, Fla.......... PWR..... 858 1972 
Rancho Seco Nuclear Generating Station, 

Unit]. te ee ooo y Clay Station, Cali PWR..... 800 1972 
Edwin I. Hatch Nuclear Plant, Unit 11 Baxley, G al.. BWR..... 786 1972 
Arkansas Nuclear One................... London, Ark............ PWR..... 850 1972 
cu inen Nuclear Power Plant, Units 

JJͤĩĩ?A ð v Ce, ,, ⁊ðͤ ue ncs PWR..... 1,600 1972-78 
Donald é Cook Plant, Units 1 and 2 dnd Mich. ....... PWR..... 2,114 1972-78 
Three Mile Island Nuclear Station, Units 
Land 2 íi 88 Goldsboro, Pa........... PWR..... 1,641 1972-78 
"elem Nuclear Generating Station, Units 
eebe Salem, N.J............- PWR..... 2,100 1972-78 
Prairie Island Nuclear Generating Plant, 
Units 1 and 2........................- Red Wing, Minn........ PWR..... 1,060 1972-74 
Total capacity under construction. . .........-...---- 2L ee 88,465 
PLANNED 
Beaver Valley Power Station, Unit 1....... Shippingport, Pa. ....... PWR..... 847 1972 
Hutchinson Island, Unit 1................ Fort Pierce, Fla......... PWR..... 800 1973 
Duane Arnold Energy Center, Unit 1...... Palo, Logg BWR..... 545 1973 
James A. FitzPatrick Nuclear Power Plant Scriba, N. BWR..... 821 1978 
Millstone Nuclear Power Station, Unit 2... Waterford, Conn PWR 828 1973 
North Anna Power Station, Unit 1........ Mineral, va a PWR..... 845 1973 
Diablo Canyon Nuclear Power Station, 

Unit ee Ee Diablo Canyon, Calif. PWR..... 1,060 1973 
Enrico Fermi Atomic Power Plant, Unit 2.. Lagoona Beach, Mich.... BWR..... 1,126 1973 
Sequoyah Nuclear Power Plant, Units 1 

8ld2..-..cacencosesesümaecus duse Daisy, Tenn PWR..... 2,248 1978-74 
Brunswick Steam Electric Plant, Units 1 

ONG GE Southport, N.C......... BWR..... 1,642 1973-75 
Malibu Nuclear Plant, Unit 1............. Corral Canyon, Calif..... PWR..... 462 1974 
Trojan Nuclear Plant, Unit 1............. Rainier, Oreg........... PWR..... 1,106 1974 
Davis-Besse Nuclear Power Station Oak Harbor, Ohio... PR 872 1974 
Joseph M. Farley Nuclear Plant Dothan, Ala PWR..... 829 1974 
Consolidated Edison Co.................. Verplanck, N.Y......... BWR..... 1,115 1975 
Shoreham Nuclear Power Station Brookhaven, N.Y........ BWR..... 819 1975 
William H. Zimmer Nuclear Power Station, 

Units 1 and 20. cence ccc eee mcr e Moscow, Ohio BWR..... 1,680 1975-76 
Philadelphia Electric Co., Units 1 and 2.... Pottstown, Pa.......... BWR..... 2,180 1975-77 
Public Service Electric & Gas Co., Units 

land EE Newbold Island, N.J..... BWR..... 2,200 1975-77 
Oyster Creek Nuclear Plant, Unit 22 Toms River, N.J........ PWR..... 1,100 1976 
Bailly Generating Station Dunes Acres, Ind BWR..... 515 1976 
Carolina Power & Light Co ------- North Carolina BWR..... 821 1976 
Pennsylvania Power & Light Co., 2 units... Not determined BWR..... 2,104 1976-78 
Bell Station ee GEN Lansing, N. y BWR..... 838 Not given 
Duke Power Co., 2 units Not determined. ........ PWR..... 2,200 1977-79 
Seabrook Nuclear Station Seabrook, N. WR... 860 Not given 

Total planned eapgaeita. 2L LLL LL eee 80,418 
eee, ß ß y a G N 72, 350 


1BWR Boiling light water cooled, light water moderated reactor. 
FBR Fast Breeder Reactor. 
GCR Gas cooled, graphite moderated reactor. 
HTGR High temperature gas cooled, graphite moderated reactor. 


PWR Pressurized light water moderated and cooled reactor. 


Source: Adapted from “Nuclear Reactors Built, Being Built, or Planned i e Ce United States as of Dec. 21, 
1969," AEC Division of Technical Information, TID-8200 (21st Rev.) pp. 


It is apparent that boiling light water 
and pressurized light water reactors pre- 
dominate. However, it is realized that 
other reactor concepts may prove economi- 


cally feasible and some, such as the high- 
temperature gas cooled reactors (HTGR), 
have good neutron economy and contri- 
bute less thermal pollution to the environ- 
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ment. An example of this is the 40-Mwe 
HTGR plant at Peach Bottom, Pa., which 
had accumulated 453,600,000 kwh by Octo- 
ber 3 when it was shut down for a pe- 
riodic inspection. Also, construction was 
proceeding on the 330-Mwe Fort St. Vrain 
HTGR plant at Platteville, Colo., which 
was scheduled for initial operation in 1972. 
Further, the Molten Salt Reactor Experi- 
ment (MSRE) at Oak Ridge, Tenn., which 
is providing important data on problem 
areas Of molten salt breeder reactor sys- 
tems, was operated from October 2, 1968 
to December 12, 1969, using both ura- 
nium-233 and uranium- 235 fuel.31 The 
status of other test reactors is shown in 
Chapter 5 of the AEC annual report. 

With the proliferation of atomic power- 
plants has come the need for commercial 
fuel reprocessing plants. Necessarily, the 
AEC is concerned with safety, location, 
and disposal of the radioactive wastes. It 
proposed a policy permitting the plants to 
be located on private property, and the 
wastes, converted to AEC-approved solid 
form, to be shipped as soon as practicable 
to a Federal waste repository.32 A 300-met- 
ric-ton-per-year plant was operated at 
West Valley, N.Y., by Nuclear Fuel Serv- 
ices, Inc., in which Getty Oil Co. pur- 
chased the majority share once held by W 
R. Grace & Co.33 Also, the General Elec- 
tric Co. was building a 300-metric-ton 
annual capacity plant at Morris, III., and 
Atlantic Richfield Co. announced that it 
would build a $60 million plant, capable 
of processing 5 metric tons per day spent 
nuclear fuel in Chester County, S.C.34 

Dual Purpose Reactors.—The “N” reac- 
tor at Hanford continued producing plu- 
tonium and byproduct steam. The steam 
was supplied to the Washington Public 
Power Supply System (WPPSS) generating 
plant which had an output in 1969 of 3.8 
billion kilowatt hours (kwhr) .35 

Naval Reactors.—Eighty-six of the 110 
nuclear-powered submarines authorized by 
Congress, including all 41 Polaris types 
and one deep-submergence research subma- 
rine, the NR-1, were in operation. In ad- 
dition, four of the nine nuclear-powered 
surface ships were in operation. These 
ships, all of which have been deployed in 
Vietnam waters, are the aircraft carrier 
Enterprise, the guided-missile crusier Long 
Beach, and the guided-missile frigates 
Bainbridge and Truxtun.36 Two guided- 


missile nuclear frigates are being built. 
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The two reactors to be used in the aircraft 
carrier Nimitz, now under construction, 
each have about as much power as four of 
the Enterprise reactors. A sister ship was 
authorized by Congress in 1969. 

Reactors for Export.—T'wo licenses were 
granted, both to one domestic firm, for the 
export of pressurized water power reactors. 
One license authorized export of compo- 
nents for an 810-Mwe reactor to be built 
near Gothenburg, Sweden; the second was 
for exporting parts for a 350-Mwe re- 
actor to be constructed near Breznau, 
Switzerland.37 In 1969, 33 large enriched 
uranium power reactors of the U.S. type 
were in operation, under construction, or 
on order in 12 foreign countries.38 Ten 
were in operation. Those in operation 
were the 240-Mwe SENA. plant in France, 
the 237-Mwe KRB, 240-Mwe KWL, and 
283-Mwe KWO plants in West Germany, 
the 380-Mwe Tarapur plant in India, the 
164-Mwe SENN and 257-Mwe SELNI 
plants in Italy, the 322-Mwe Japco #2 
plant in Japan, the 153-Mwe Cabrera #1 
plant in Spain, and the 350-Mwe NOK-1 
plant in Switzerland. 

Radioisotopes.—Although AEC was grad- 
ually withdrawing from production of ra- 
dioisotopes, it encouraged industry to enter 
production, especially when it offered to 
loan high specific activity cobalt-60 free to 
organizations willing to perform heat 
source applications research and develop- 
ment at their own expense.39 Sales from 
the Oak Ridge National Laboratory Iso- 
topes Development Center during the first 
11 months of 1969 totaled over 2.3 million 
curies of processed radioisotopes, which 
was a decrease of 32 percent over the same 
period in 1968. Following cancellation of 
the SNAP-29 program to develop a poloni- 
um-210 fueled thermoelectric generator for 
space flight, AEC increased its price for 
the isotope. Fuels for the Systems for Nu- 


31 Pages 95, 98-99 of work cited in footnote 3. 

32 U.S. Atomic Energy Commission. AEC Seeks 
Comment on Proposed Policy on Siting of Fuel 
Reprocessing Plants and Disposal of Wastes. Press 
Release M-132, June 2, 1969, 3 pp. 

33 Chemical & Engineering News. Upturn Ahead 
for Nuclear Industry in 1972. V. 47, No. 45, 
Oct. 27, 1969, pp. 36, 41. 

Getty Oil Co. 41st Annual Report 1969, 36 pp. 
8 teen Journal. V. 55, No. 4, Apr. 

34 Chemical Week. V. 104, No. 16, Apr. 19, 
1969, p. 62. 

35 Page 47 of work cited in footnote 3. 

% Pages 81-84 of work cited in footnote 3. 

87 > Page 130 of work cited in footnote 3. 

3$ Pages 161—162 of work cited in footnote 19. 

3 Pages 10, 57—58 of work cited in footnote 3. 
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clear Auxiliary Power (SNAP) power sys- 
tems operating, cancelled, or proposed in- 
clude polonium-210, plutonium-238, and 
curium-242.40 A proposed price increase 
for cesium- 137 was cancelled by AEC be- 
cause of a rapidly increasing sales rate and 
a reduction in production and distribution 
costs. Other applications of and new devel- 


Table 5.—Projected commercial uranium 
requirements and sales 1 


(Tons of U 30) 

Domestic sales Projected 

Year of and commitments domestic 
delivery requirements 
Annual Cumulative (cumulative) 

Pre-1969. .. 5, 700 5,700 J... 

969. 4, 800 10, 000 4,000 

1970. 9,000 19, 000 11,500 

1971 11, 000 80,000 19,000 

1972 13, 200 49,200 30, 000 

197838. 0,900 54,100 43,500 

19744 900 63, 100 58, 700 

1975. , 400 69,400 75,900 

1976_______ 2, 72,100 96,800 

1971... 1,900 74,000 120,000 

1978-82 ... 3,600 71,600 292,500 


1 Of the 67,600 tons committed for delivery in 
1970-1982, 1,300 tons is committed to overseas 
customers. 


Source: U.S. Atomic Energy Commission. Major 
Activities in the Atomic Energy Programs. January- 
December 1969. January 1970, pp. 36-37. 
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opments in radioisotopes are shown in 
chapters 9 and 10 of the AEC annual re- 
port. These include radiation processing to 
produce wood polymers and concrete poly- 
mers, radiation preservation of food, ra- 
dioisotope X-ray fluorescence, and medical 
isotopes such as gallium-67, technetium-99, 
strontium-90, and cobalt-60. The market 
for reactor-produced radioisotopes was ex- 
pected to grow at about 25 percent an- 
nually for the next several years.41 


4 Page 174 of work cited in footnote 3. 


41 Page 187 of work cited in footnote 19. 


Table 6.— Heavy water (D20) activity 
(Short tons) 


1965 1966 1967 1968 1969 


Domestic 
production..... NA 186 207 3206 197 
Domestic sales 4 7.3 6 8 5.8 


Domestic leases... __ 88.4 62 n "€ 
Foren shipments 

(sales) 27.4 282 334 245 1280 
Foreign leases... 186 94 14.5 E 


NA Not available. 


1 Heavy water commitments for foreign sales dur- 
ing next 2 to 3 years exceed 1,600 tons. 


Source: AEC Major Activities in the Atomic En- 
ergy Programs, Yearly Reports. 


Table 7.—Enriched uranium furnished to industry, excluding the weapons 
production chain 


(Pounds, uranium) 


Fiscal year 
1965 1966 1967 1968 1969 
Furnished as UT f Ffttt -2-2-22 836,832 630,015 374, 745 854, 022 1, 536, 194 
Furnished in forms other than UF'. ......... 8,177 11 212 139 bonne 
tel Anere 340, 009 630, 026 974,957 854,161 1,536,194 


Source: U.S. Atomic Energy Commission. The Nuclear Industry 1969. Dec. 3, 1969, p. 75. 
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Table 8.—Principal producers and fabricators of nuclear fuels 


Company and location 


Producer of 


uranium fuels 


Metals, 
oxides, or 


Fabricators of 

uranium fuels 
Plutonium 
capability 


Coated Oxides Metal 


compounds particles 


Aerojet-General Corp., San Ramon, Calif. 
Atomics International, Div. of North American 

Rockwell Corp., Canoga Park, Calif 
The Babcock and w 


National Lead Co., Albany, N. y. 
Services, Inc., Erwin, Tenn..... 
Nuclear Materials and Equipment Corp., 

Apollo, 8 
Nuclear Materials and Equipment Corp., 


United Nuclear Corp., Pawling, N.Y......... 


Source: U.S. Atomic Energy Commission. The Nuclear Industry, 1969. Dec. 8, 1969, pp. 69, 72, 74, 84. 


PRICES AND SPECIFICATIONS 


Ore and Concentrate.—Only about 10 
percent of all domestic ore reserves and 
production is controlled by small, independ- 
ent miners who sell material under indi- 
vidually negotiated ‘contracts. Although ore 
prices are not quoted, most mines were be- 
lieved to charge prices similar to those in 
AEC Circular 5, which expired in 1962. 
Prices quoted in that circular, ranged from 
$1.50 per pound of contained U3Os for ore 
grade of 0.10 percent to about $3.50 per 
pound for ore grade of 0.20 percent or 
more UsOs. 

In 1969, the AEC contract price for spec- 
ification grade concentrates was based on a 
formula first set forth in 1962 according to 
which the AEC will pay $1.60 per pound 
of UsOs, plus 85 percent of the allowable 
production costs during the preceding 6 
years, with the maximum being $6.70 per 
pound. It was expected that the weighted 
average price per pound for deliveries to 
AEC in 1969-70 would be $5.86. In 1969, 
uranium concentrate containing 6,184 tons 
of UsOs (12,367,123 pounds) was purchased 
by AEC from domestic mills for a total of 
$72,336,000. The assumed price for U,O, 
concentrates sold to private industry was 
$6.10 per pound, which would make the 
total quantity sold to industry in 1969 
worth about $58 million. 


Refined Uranium.—Normal uranium 
metal was quoted periodically in American 
Metal Market at $18 to $24 per pound. 
Depleted uranium with less than 0.38 per- 
cent uranium-235, in the form of uranium 
hexafluoride (UF,), was quoted at $2.50 
per kilogram ($1.13 per pound) of oon- 
tained uranium. 

Special Nuclear Materials.—Base charges 
by the AEC per kilogram of uranium as UFg 
were $46.62, $139.69, and $450.49 for 1.0, 
2.0, and 5.0 percent uranium-235 enrich- 
ment, respectively.42 Enriched uranium 
was leased by the AEC to private parties 
at an annual charge (applied to base 
charges) which was 5.5 percent until 
April, 6.5 percent until November, and 7.5 
percent thereafter. In January 1969, as a 
result of the Private Ownership of Special 
Nuclear Materials Act approved August 
1964, the AEC began enriching privately 
owned uranium on a toll basis. The 
charge was $26 per kilogram of separative 
work unit (a measure of work done, not 
weight). Also, in accordance with an AEC 
ruling, lessees of enriched uranium would 


42 U.S. Atomic Energy Commission. Uranium 
Hexafluoride: Base Charges, Use Charges, Special 
Charges. Table of Enriching Services, Specifica- 
1805 and Packaging. 32 F. R. 16289, Nov. 29, 


Page 53 of work cited in footnote 19. 
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be allowed to purchase it starting in April 
1969 by paying the required amounts of 
uranium feed and money. 


Heavy Water.—In December 1969, AEC 
increased the sales price of heavy water by 
$1.50 to $30.00 per pound.*3 The increase 
was needed due to general escalation of 
salaries, wages, materials, and increased 
power costs. The new figure also became 
the base charge used to determine the 
cost of leasing heavy water. 


Plutonium.—Through June 30, 1969, the 
base charge for plutonium of stand- 
ard isotopic assays (Pu with 6 to 12 
weight percent Pu 240, inclusive) was $43 
per gram of the contained Pu 239 plus 
Pu?41.4 Base prices for other grades of 
plutonium also were reported and are 
given below: 
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Prices per gram 
Percent Pu** of Pus? plus Pusu 

in plutonium in plutonium 
SE $60 
ee Ee 48 
Sse elses e 8 43 
12.2 EE s L dee 42 
EE 60 
80 RE 70 


Plutonium, having an isotopic purity of 
90 percent Pu 242 or higher, was presented 
for sale for the first time.45 Pu242, priced 
at $15.89 per milligram, is produced by ir- 
radiating Pu 239 in nuclear reactors. 


43 U.S. Atomic Energy Commission. AEC To 
Increase Price of Heavy Water. Press Release 
M-272, Dec. 10, 1969. 

“U.S. Atomic Energy Commission. Plutonium 
and Uranium Enriched in Uz: Charges. 33 F.R. 
15355, Oct. 16, 1968. 

$5 U.S. Atomic Energy Commission. High Purity 
Isotopes of Thorium, Uranium, and Plutonium 
Available for Sale By AEC. Press Release M-158, 
July 9, 1969, 2 pp. 


FOREIGN TRADE 


A small quantity of uranium ores and 
concentrates, expressed as UsOsg content, 
was exported to Egypt; this was the first 
shipment of U,O, ore and concentrates 
from this country since 1966. Exports of 
uranium and thorium and their alloys, 
wrought and  unwrought, totaled 788 
pounds valued at $26,182, about 13 percent 
jn quantity and 21 percent in value com- 
pared with those of 1968. About 47 per- 
cent was shipped to Canada, 21 percent to 


West Germany, and the rest to five other 
countries. Exports of uranium and thorium 
compounds totaling 105,620 pounds worth 
$316,561 were 93 percent by weight and 98 
percent in value of those shipped in 1968. 
Thirty two percent of the uranium and 
thorium compounds was shipped to the 
United Kingdom, 19 percent to Japan, 12 
percent to the Netherlands, 9 percent to 
South Vietnam, and the remainder to 12 
other countries. 


Table 9.—Exports of AEC produced nuclear materials, by countries, in calendar 


year 1969 
(Pounds) 
Enriched uranium 
Plu- Heavy 
Country ! Less than Greater than Uranium tonium water 
20 percent U 20 percent U —238 (Pu) (D:0) 
Total U Uns Total U Uns 
C11Äͤ%/] 5 6 TT ⅛5»ua ³ 5 . ha wii mur (2) 8,992 
Canadi MOX" 5,049 181 877 380l ' ¿L22222 (2) 372,572 
Euratom: 

Belgium____.......... ......... -...-... enemies 802 258 ....... (Ü sees 
|l ie ee — ⁰³¹ AA A 441 h ee, 88 
German v 228,015 4,758 1,808 1,080 ....... 250 8,907 
Taly oe ĩͤ 8 29,617 106 9 8 878 
Netherlands „123 176 68 ))); ⁰Kr: 8 

International Atomie Energy 

Agency (IAEA): 

AUSA RSEN" "rm 5 
7J77⁵§%Ü5⅛ . ies 7 doo cus nb cuu E Eie 
BONY AREE . EA S E 82 yi; EDD HRK 86,427 
CT. -2 220,319 4,548 159 143 icaza 129 41,916 
Peki Im ne tocco i Ee a. ù 7] ĩ ñ dd 8 16,467 
Sweden EE 77,478 1.80] i22 ` Gase, gmbesduc (G aL: 
Switzerland................... 57,745 1,922 4 TEEN 875 
United Kingdom 61,731 1,263 573 536 ....... (D. _ Lacus 
Toll... 2o: aveid ur LM 687,077 15,892 3,963 8,027 6 879 481,534 


1 Represents country of initial destination. May not be country of final destination. 


2 Less than Le unit. 


Source: Division of International Affairs, U.S. Atomic Energy Commission. 
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Quantities of exports of enriched ura- exported in 1968; large increases were 
nium, uranium 233, plutonium, and heavy made in shipments to West Germany, 


water, reported by AEC, are shown in Japan, and the United Kingdom (table 
table 9. The value of special nuclear mate- 10). 


rials exported in 1969 was three times that 


Table 10.—U.S. exports of special nuclear material, 1 by countries 


(Thousand dollars) 
Country 1965 1966 1967 1968 1969 
ODUHR EE 82 BT dies 120 1 
Australi... o ͥ 169 Ol usko. 2 n 2 
Belgium-Luxembourg..................-.......-. 8,831 2,729 238 498 
Canadá. c e ß d 258 1,827 849 817 2,551 
Franco EE 4,699 4,945 7,1 8,521 : 
Germany, Wet a.o -aaaea 16,784 28,505 24,624 8,108 28,977 
///õõĩ5%5%˙0ö ꝛ a aa MM 7,264 S 
EE EE 574 5,727 175 4,463 1,281 
EE 400 212 1,814 8,088 87,087 
Netherlands Een 212- x ce 6 snese 
h ³ð / y ³ͤ y 286 58 71 332 427 
Switzerland. .... . Llc c ccce cac eee eee eee ee eee 26 — aaan 8,188 8,982 
Spat . 8 9 2,958 
nited Kingdom. nnn 8,144 2,668 843 5,819 
MG ² EE 16 
Ke WEE GE 85,559 41,906 44,015 28,428 87,766 


1 Includes plutonium, uranium- 233, uranium-235, and uranium enriched in istopes Um and Um. 


Table 11.—U.S. exports of radioactive isotopes, compounds, and elements, n. e. c., 
by major countries 1 


(Thousand curies and thousand dollars) 


1968 ' 1969 
Country — ——— En 
Quantity Value Quantity Value 
Ah ðâ ....-.............. 6,168 $12 24,590 $38 
Argentina J%%%%V ] ↄi VV Sa ĩͤ as a ah ae als 15,950 6 97,062 
Australa u kane ei y 83,084 119 28,425 155 
Belgium-Luxembourg. .. .. . . ...... .. ........ 20,667 286 87,813 212 
7)/Ä—§; kß6 ͥ öhßh t S 14,603 24 
ANN, (SE 314,099 148 721,445 1,585 
C60•˙WV)ß˙ eege e J...... _ ues 
EE 8,786 16 5,257 80 
Se se tke seue teehee cee. 4,077 21 14,282 21 
EE 10,420 21 28,240 10 
FFII!!! ³˙———᷑ y Ra 548, 534 330 18, 652 260 
Germany, Wert ꝶꝶ tk 123,151 499 : 585 
eelere m;d y sand ud 192,0 0 | 4 TL  ---.-- 
Indonesien „„ ů„„„„ 20,092 15 15,187 29 
eff d EE S 12,488 40 55, 806 94 
lici I ½½ ; 10, 713 52 404, 190 
777777 oes noose Secs coca See eee E Qu AM tee 129 ,407 497 2,946,147 880 
CC) cca dd Shee icc 104,252 12 
T oy, NORTE . ß Css EES 116,222 19 
LO EE 8 12,989 124 20,468 82 
Netherlands. ess 16,704 80,059 104 
New G4à.(u]]]]]]]] . ..................... 2,807 11 1,878 
NIE ee A a du š 1,097 22 
N ³ ·Ü¹¹ ðL y su dame d 584,678 27 709, 905 11 
J)ũã ĩ 5,589 12 ; 7 
Saudi Arabig. ull ß . cam ode. . O. daan 1,806 15 
South Africa, Republic off Hf 18,953 22 20,185 18 
DOIN EM" HET CUM 14,202 64 22,267 22 
Swedel o !!!. 8 8,187 54 10, 878 86 
SS C ³⁰˙¹ͥww³˙¹ůꝛmꝛ i feces Sete cu beseck 68,723 154 78,214 121 
DOWER EE 23,942 25 
United KingdouůumNNNNMTNMdmwmdwkdw d ꝑtHꝙ9j.”e.3«ũ« «4 80, 774 348 280, 594 510 
a ðVILdĩ ĩ / ³ Ea en E 6,248 29 87,405 68 
..... ĩ ĩ S 535 87, 995 808 106,018 261 
d Ne H EE 2,931,924 8,953 5,669,844 6,895 


1 Includes radium, radium salts, and cobalt-60. 
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As shown in table 11, almost 21⁄ times 
as many radioactive isotopes, compounds, 
and elements were shipped in 1969 as in 
the previous year; 41 percent were sent to 
Japan (a large increase over 1968) , 18 per- 
cent each to Canada and Nigeria, 7 per- 
cent to Italy, 6 percent to West Germany, 
5 percent to the United Kingdom, and the 
remainder to 26 other countries. 

Again in 1969, as has been the case since 
1966, no uranium concentrates (U3Og) were 
imported for the AEC stockpile. Although 
the unit value decreased about 9 percent, 
imports for private users were about three 
times greater in quantity than those of the 
previous year (table 12) and practically all 
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came from the Republic of South Africa. 
By law foreign uranium cannot be en- 
riched in this country and then used 
in domestic reactors; it is probable, there- 
fore, that the domestic private firms are, or 
will be, using most of what they import in 


reactors being built in foreign lands, Im- 


ports of other uranium compounds totaled 
639 tons valued at $8,349,515; 88 percent 
came from Canada and the rest from the 
United Kingdom and the Republic of South 
Africa. Shipments of cobalt-60 (COS), pre- 
dominantly from Canada, as shown in 
table 13, were 39 percent greater than 
those in 1968, by quantity, and 48 percent 
greater by value. 


Table 12.—U.S. imports for consumption of uranium oxide, by countries 


1965 1966 1967 1968 1969 
Country Short Value Short Value Short Value Short Value Short Value 
tons (thou- tons  (thou- tons  (thou- tons  (thou- tons  (thou- 
sands) sands) sands) sands) sands) 
Canada.............- 741 $18,606 635 $11,892 106 $2,051 2 $30 166 $2,115 
EECHER Bae eee ff a EDAD LL asss (1) 
Germany, West... 20022- e „„ 18 186 8 11 
)* „FF (( „ » uM 
ADAM. 2 ^ XO LIBER. essen , œ0— ¼1 . eee AQ 
South Africa, 
Republic o... 2,245 44,497 1,488 29,894 1,045 8,146 886 3,992 1,339 12,478 
DE. c ee soe eee, ð v eee’ estes 158 2,896 64 7270 sZ Sis 
Total 2,986 58,108 2,123 41,286 1,809 12,598 470 5,000 1,504 14,601 


1 Less than 14 unit. 


Table 13.—U.S. imports for consumption of cobalt-60, by countries 


1967 1968 1969 
Country 
Curie Value Curie Value Curie Value 
(thousands) (thousands) (thousands) 

ët E THE 879,575 $1,005 807,789 $1,890 1,115,269 $2,044 
MYONCG EECH 866 8 
Germany, West” u ul u ee, Leet eet dé 74 (1) 
Saudi RT TEEN 9,387 2 
South Africa, Republic oꝶhkkkk e . v 30 8 
United e 2-200522: 4x. “ee uae, -........ beni 98 2 

Totalo EE 379, 575 1,005 807, 789 1,890 1,125,219 2,059 


WORLD REVIEW 


A European Nuclear Energy Agency re-. 


port, giving production and capacities by 
countries, forecasts a 60 to 70 percent rise in 
short-term Free World uranium demand.46 
The current level of 23,500 tons U,O, per 
year was expected to rise to 38,000 tons per 
year by 1973-74. This is based on projec- 
tions of 100,000 to 125,000 Mwe of in- 
stalled nuclear power capacity by 1975. 


The Executive Commission of the Euro- 
pean Economic Community (European 
Common Market) sought removal of re- 
strictions, such as limits on quality and 


% Organisation for Economic Co-Operation and 
Development. Uranium- Production and Short 
Term Demand. A Joint Report by the European 
Nuclear Energy Agency, Paris, France, and the 
International Atomic Energy Agency, Vienna, 
Austria, January 1969, 29 pp. 
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quantity, on supply from the United States 
to member countries. On November 1, a 
new multi-lease contract for enriched ura- 
nium was signed by Euratom and the U.S. 
Atomic Energy Commission, effective 
through December 31, 1970.4 The new 
contract was said to conform closely to 
leasing conditions in effect for American 
users; it will expire at the time that the 
USAEC will have to review and standard. 
ize its terms and oonditions of supply for 
all users. 

On November 25, an agreement was 
reached in London to build uranium en- 
richment plants in two European coun- 
tries, using the gas centrifuge technique 
which is cheaper than the gaseous diffu- 
sion process now used in the United States, 
the United Kingdom, and France A8 The 
agreement was subject to the approval of 
the participating governments—West Ger- 
many, the United Kingdom, and the Neth- 
erlands. The plants, which will be ready 
by 1973, wil be built at Almelo in the 
Netherlands, and at Capenhurst in the 
United Kingdom. They will be operated by 
the tripartite Enrichment Organization. 

Argentina.—Uranium deposits, with ore 
of high quality and favorable for process- 
ing in the Malarque mill, were discovered 
near San Rafael in the province of 
Mendoza.4? 
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Australia.—Uranium oxide fuel pellets 
will be produced in a pilot plant which 
was being built by the country's Atomic 
Energy Commission.50 After the Sentinel 
Mining Co., which mines iron ore in West- 
ern Australia, reevaluated its opportunities 
and decided to limit its participation in 
the nuclear excavation of a harbor at Cape 
Keraudren, the Australian Atomic Energy 
Commission and the United States Atomic 
Energy Commission concluded that there 
was insufficient economic basis for continu- 
ing this study.51 Subsequently, however, 
the managing director of Hamersley Iron 
Ore, Pty. Ltd., announced that he wanted 
to excavate iron ore in Western Australia 
by means of nuclear explosives.52 To be 
approved by the Federal and Western Aus- 
tralian State Governments, the project 
would have to be proved safe, be economi- 
cally superior to conventional methods, 
and have “visible” financial sponsors. 


47 Metal Bulletin. EEC Seeks U Freedom. No. 
5405, June 10, 1969, p. 18. 
American ae Market. Lease Contract for Ura- 
nium. V. 76, No. 214, Nov. 12, 1969, p. 22. 
4 Bureau of Mines. Mineral Trade Notes. V. 
67, No. 4, April 1970, "Ds ; 
° Mining Journal, (London). V. 273, No. 7007, 
Dec. 5, 1969, p. 515. 
hemical Week. V. 105, No. 18, Sept. 27, 


Energy Commission. U.S.— 
Australian Aon Energy Commissions Decide 
Not to Proceed with Cape Keraudren Study. Press 
Release M-76, Mar. 29, 1969, 1 p 

52 U.S. Embassy, Canberra, Ausc sic State jd 
partment Airgram A-405, Sept. 12, 1969, 2 p 


Table 14.—Free world production of uranium oxide (UsOs), by country 


(Short tons) 

Country ! 1967 1968 1969 » 
%%% ] ]˙²ↄů! Ee e EE 8 r 2b 47 40 
ET ĩ²i!U. NC yy ꝛ yy ¼k y 330 330 880 
GGP uuu Du ooh u eee cen ss ͤ A 8,738 8,700 8,855 
CINCO ecce Io ETE NER 1,5 e 1,650 e 1,650 
Gabon es. u u uz EE EENEG r 62 595 
Malagasy, af 5 leben, — tne 
EE EE EE r 105 105 105 
South Africa, lll... Sus. sm PEU aae E 8,360 8,874 8,610 

) EE m Een r 66 6 6 
Bweden EE r 77 77 77 
United d ⅛ði i ⁵ r 9,125 12,888 10,984 
Ki TK o ease heros dedu Eu ECKE uo ð ZK M E D E EE r 19,098 22, 772 21,262 


e Estimate. p Preli 


iminary. r Revised. 
1 Uranium is also believed to be producea in Czechoslovakia, East Germany, West Germany, Hungary, 


India, Japan, and U.S.S.R., but p 
? Contained in uranium ore. 
3 Totals are of listed figures only. 


tion data are not available. 
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Table 15.—Nuclear power reactors in the world, June 30, 1969 1 


Status 
Country 
Operating Under construction Planned 
Mwe No. Type? Mee No. Type? Mwe No. Type? 
Canada 230 2 BHWR 2,282 5 4PHWR 8,350 5 4PHWR 
PHWR 1 HWLWR 11 
France 1,622 8 6GCR 1,811 8 2GCR 
I DOR 1 FBR(250) 1,480 2 ` (8) 
Germany, West. 842 4 2BWR 2,570 6 2BWR 9,040 16 1 Greg 
1 PGWR 2 PWR 1 HTG 
1 PWR 1 HTGR 
1 HWGCR 
India 380 2 BWR 600 8 PHWR 200 1 PHWR 
Italy.........--- 597 8 BWR 40 1 HWLWR 1,300 2 (3) 
GCR 
PWR 
Japan 158 1 GCR 2,402 5 3 BMR 9,858 16 6 BMR 
2 PWR 1 FBR(300) 
1 HWLWR 
: 5 PWR 
Netherlands 52 1 BWR 400 1 PWR 22an- a eee eas 
Pn 158 1 PWR 920 2 : Bon 8,000 6 1PWR 
Sweden 8 1,295 3 2BWR 8,619 6 2BWR 
1 BHWR 2 PWR 
32 
Switzerland 350 1 PWR 656 2 I BUE 1,550 8 (3) 
U.S. S. RN... 1,165 10 8 LMWGR 6,775 11 55 PWR 760 2 PWR 
1 BW 4 LWGR 
1PWR ; . 2 FBR(750) 
United Kingdom. 4,181 26 24GCR 6,880 11 8 AGR 5,000 8 AGR 
1 AGR 2GCR 
1 HWLWR 1 PERCO 
Others 5 1,354 45 2 PHWR 9,944 524 7 PWR 
2 P 1 PHWR 
1HWGCR 1 HWGCR 
$15 
Total... 9,680 59 32 GCR 26,985 58 18 PWR 49,099 91 15 PWR 
8 LWGR 9 BWR 8 AGR 
7BWR 9 PHWR 8 BWR 
6 PWR 8 AGR 6 PHWR 
2 PHWR 5 GCR 2 FBR 
1 AGR 4 FBR 1 HTGR 
1 BHWR 4 LWGR 1 HWGCR 
1 HWGCR 2 HWGCR 1 HWLWR 
1 HWLWR 2 HWLWR 3 49 
1 BHWR 
1 HTGR 


1 Excluding United States and experimental power reactors (output below 20 Mwe). 
* AGR Advanced gas cooled, graphite moderated reactor. 
BHWR Boiling heavy water cooled, heavy water moderated reactor. 
BWR Boiling light water cooled, light water moderated reactor. 
FBR Fast Breeder Reactor. 
GCR Gas cooled, graphite moderated reactor. 
HTGR High temperature gas cooled, graphite moderated reactor. 
HWGCR Heavy water moderated, gas cooled reactor. 
HWLWR Heavy water moderated, boiling light water cooled reactor. 
LWGR Light water cooled, graphite moderated reactor. 
PHWR  Pressurized heavy water moderated and cooled reactor. 
PWR Pressurized light water moderated and cooled reactor. 
3 Not stated. 
‘Includes Argenti&a, Bulgaria (2), Czechoslovakia, and Pakistan. 
$ Includes Argentina (1), Australia (1), di chu (1), Belgium (3), Brazil (1), Czechoslovakia (1), Finland (2), 
Greece (1), Hungary (2), Israel (1), Korea, Rep. of (1), Mexico (1), N. Zealand (1), Norway (1), Pakistan (2), 
So. Africa, Rep. of (1), Taiwan (1), Thailand (1), and United Arab Republic (1). 


Source: Power and Research Reactors in Member States. September 1969 Edition. International Atomic 
Energy Agency, Vienna, 1969, 82 pp. 


Belgium.—An organization called Groupe-  lurgie Hoboken will produce uranium 
ment Général du Combustible Nucleaire oxide and metal, Métallurgie et Mécanique 
was set up by six Belgian firms to facilitate Nucleaires will produce the fuel elements, 
pooling of resources in the production and Belgonucleaire will handle radioactive 
marketing of nuclear fuels.53 Union Miniére 555 E 
will concentrate the uranium ore, Métal. 5 May 1969, p 200 Mini ADU ee 
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wastes, Société Générale des Minerais will 
conduct sales, shipments, and insurance 
operations, and Genie Métallurgique et 
Chimique will specialize in nuclear plant 
engineering and construction. 

A new company, Société de Fluoration 
de l'Uranium (SFU), will build a plant at 
Mol, Belgium, to convert uranyl nitrate 
obtained from a fuel processing plant into 
uranium tetrafluoride.5* The new process 
was said to bypass intermediate operations 
which form part of more established meth- 
ods of conversion. Founders of the firm are 
Ugine Kuhlmann, France; Steinkohlen-E- 
lektrizitát, West Germany; Société Métal- 
lurgie Hoboken, Belgium: Reactor 
Centrum Nederland, Netherlands; AB Atom- 
energi (Swedish Atomic Energy Com- 
pany), Sweden; Institutt for Atomenergi, 
Norway; and Atomic Energy Ve 
Denmark. 

Bolivia.—Uranium deposits, also contain- 
ing silver and copper, were reported dis- 
covered at San Pablo de Napa in Lipez 
province, 1,000 miles southeast of La 
Paz.55 

Brazil.—Four types of ore deposits were 
included in reserves announced by the 
Comissáo Nacional de Energia Nuclear 
(CNEN) ; one type, at Jacobina, was said to 
be associated with gold in metaconglom- 
erate and to be very similar to the gold- 
uranium reefs of South Africa's Wit- 
watersrand.5e Also, the CNEN said that a 
large deposit of very high grade, nonre- 
fractory, uranium ore, totaling over 1 mil- 
lion tons containing 16 pounds of uranium 
oxide per ton (over 8,000 tons U,O,) 
was discovered on the Pocos de Caldas pla- 
teau of Minas Gerais state.57 

Canada.— The role of Canada as a sup- 
plier of large quantities of low-cost 
uranium reserves and its great potential 
for additional discoveries was presented in 
an official government publication.58 It 
was predicted that annual uranium needs in 
the noncommunist world would rise to 
between 73,000 and 106,000 tons of ura- 
nium oxide concentrates (UsOsg) in 1980 
and that Canada, which currently has 
about 30 percent of the total noncommu- 
nist world production capability, will con- 
tinue to be in a position to supply a 
major portion of the market in the future. 

Exploration, drilling, and developmental 
activities were continued by a number of 
mining companies. In Ontario, promising 
locations included Agnew Lake in the El- 
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liot Lake area west of Sudbury, and Dun- 
gannon, Cardiff, Dickens, Palmerston, 
South Canonto, and Monmouth townships 
in the Bancroft area of the southeastern 
part of the province. The geology, origin, 
and distribution of uranium deposits in a 
well-known Ontario locality were reviewed, 
largely from a historical viewpoint, in a 
recent publication.59 The author discussed 
prospecting guides and methods and con- 
cluded that although new and more ex- 
pensive exploration techniques will require 
developing, new reserves are needed and 
exploration should be continued in this 
area. 


In northwestern Quebec, in the Grind- 
stone Lake area near Temiskaming, exten- 
sive reconnaissance has shown significant 
radioactivity in widespread sedimentary 
formations.69 Exploratory drilling by Gulf 
Minerals Co., a subsidiary of Gulf Oil 
Corp., was underway near Wollaston Lake 
in the Athabasca region of northern 
Saskatchewan.61 Canadian firms became ac- 
tive in the area and a U.S. firm, Phillips 
Petroleum Co., agreed to a long-term ex- 
ploration program with four Canadian 
companies, including Denison Mines Ltd.62 
Exploration work was started in the north- 
west part of Manitoba, in an area consid- 
ered to be an extension of the Wollaston 
Lake area.63 In the fall, New Continental 
Oil Company of Canada, Limited, an- 
nounced two uranium discoveries in the 


54 European Chemical News. SFU Treats Nu- 
clear Fuels, v. 16, 04, Oct. 31, 1969, p. 18. 

æ Mining Journal. (London). V. 272, No. 6984, 
June 27, 1969, p. 569 

æ World Mining. V. 5, No. 9, August 1969, p. 


59. 
Es World Mining. V. 5, No. 3, March 1969, p 


$$ Williams, R. M. Canada's Future in Uranium 
Supply. Department of Energy, Mines, and Re. 
sources, Mineral Resources Branch, Mineral In- 
formation Bulletin-MR 98, Ottawa, Canada, 
1969, 65 pp. 

89 Robertson, James A. Geology and Uranium 
Deposits of the Blind River Area, Ontario. Can. 
Min. and Met. Bull., v. 62, No. 686, June 1969, 
pp. 619-634. 

% Northern Miner. (Toronto). Sturdy-Talisman 
Uranium “aq Turns Up Strong, Lengthy 
Zones. v. 55, No. 27, Sept. 25, 1969, pp. 1 and 8. 

% Northern Miner. (Toronto). Intensive Explo- 
ration Ws as Kaul of Gulf Discovery. V. 54, 
No. 46 6, 1 p. 1. 

———. Gulf Drill Can "Probable Ore in First Hole. 
V. 54, No. 51, Mar. 18, 1969, pp. oe 5. 


———, Gulf “Ú” Find Seen Important. V . 55, No. 
14, June 26, 1969, pp. 1 and 16. 
Chemical & Engineering News. V. 47, No. 29, 


July l 14, 1969, p. 35. 
Mining Journal. (London). V. 272, No. 6980, 
May 30, 1969, 91785 

Northern inet (Toronto). Wollaston Hole 
of Yukon Antimony Has Good Grade U“. V. 55, 
No. 30, Oct. 16, 1969, pp. 1 and 7. 
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Baker Lake region, Northwest Territories.64 
A large-scale exploration and diamond 
drilling program is planned when weather 
conditions permit. 

Atomic Energy of Canada, Limited, was 
authorized to construct and operate an 
800-ton-per-year heavy water (deuterium 
oxide) plant at Douglas Point, Ontario, on 
Lake Huron. Work at the site started early 
in 196; completion is slated for 
1972-73.95 Two other such plants are being 
built in Nova Scotia; one at Glace Bay, is 
to be operated by Deuterium of Canada 
Ltd.; the other, at Point Tupper (Port 
Hawkesbury), is to be run by Canadian 
General Electric Company Ltd. Completion 
of the Glace Bay plant was more than 2 
years behind schedule.66 Failure to com- 
plete the plant has resulted in a critical 
shortage of deuterium oxide and Canadian 
officials have had to purchase supplies 
abroad a 


In March, Ontario Hydro requested the 
Atomic Energy Control Board of Canada 
for authorization to construct a 4-unit, 
3,000-Mwe nuclear powerplant, to be 
called the Bruce Power Generating Station, 
near the Douglas Point Nuclear Power Sta- 
tion which it has operated since September 
1968.68 The latter 200-Mwe plant is on the 
eastern shore of Lake Huron, midway be- 
tween Kincardine and Port Elgin. Later in 
the year, fear of leakage of highly toxic 
hydrogen sulfide from the deuterium oxide 
plant being built at Douglas Point led the 
operator to move the Bruce station to a 
site also on Lake Huron but about a mile 
away.69 Ontario Hydro will operate the 
Pickering Canadian $560 million, 2,000- 
Mwe plant, situated 20 miles east of down- 
town Toronto, with the first two units— 
1,000 Mwe—scheduled for startup in 1971. 
At Point-aux-Roches, Quebec, on the south 
shore of the St. Lawrence River about 10 
miles downstream from Three Rivers, 
Atomic Energy of Canada, Limited, is 
building the Gentilly Nuclear Power Sta- 
tion (CANDU-BLW). This is a 250-Mwe 
natural uranium reactor which is cooled 
by boiling light water and moderated by 
heavy water. It is scheduled for 1971- oper- 
ation by Hydro-Quebec. 

All shipments and packaging of radioac- 
tive materials, entering or leaving Canada, 
were required to comply with standards 
recommendations made by the Interna- 
tional Atomic Energy Agency (IAEA) 


from Belgium's 
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which had been incorporated into Cana- 
dian regulations.70 

Finland.—By 1991, it was expected that 
there would be eight nuclear powerplants, 
with capacities of 440 to 1,000 Mw, in op- 
eration in Finland.71 At that time, electri- 
cal power from the atom will account for 
5,500 to 7,000 Mw, which will be nearly 50 
percent of that nation’s electrical energy 
requirements. 

France.—Mines in the Franc area, repre- 
senting deposits in France proper, Gabon, 
Niger and the Central Africa Republic, 
were said to contain 10 percent of the 
world’s proven uranium reserves.72 The 
operating firms agreed to set up a joint 
marketing organization—Uranex—in order 
to sell about 2,000 tons of excess uranium 
per year on the international market. The 
partners in the undertaking are the Com- 
missariat a l'Energie Atomique (CEA), 
Compagnie Péchiney Mokta, and Compag- 
nie Francaise des Mines d'Uranium. Société 
des Usines Chimiques de Pierrelatte will 
process the uranium ore into uranium 
hexafluoride for Uranex. Pierrelatte also 
will make uranium hexafluoride from ura- 
nium cortcentrates obtained by the CEA 
Société Générale des 
Minerais.73 

The director of the Electricité de 
France, the Government power system, ad- 
mitted the superiority of American-de- 
signed enriched uranium nuclear power- 
plants and said that the French-designed 
natural uranium reactors, though a techni- 
cal success, are an economic failure.74 

Germany, West.—This country's repre- 
sentative in the Prime Contractor Organi- 
zation of the centrifuge project of the 


* Bureau of Mines. Mineral Trade Notes. V. 
67, No. 1, January 1970, p. 25. 

és Atomic Energy of Canada Limited. 1968-1969 
Annual Report. 1969. Queen's Printer and Con- 
troller of Stationery, Ottawa, Canada, 44 pp. 

os Bureau of Mines. Mineral Trade Notes. V. 
66, No. 6, June 1969, p. 28. 

ér European Chemical News. V. 16, No. 404, 
Oct. 81, 1969, p. 10. 

Atomic Energy Control Board of Canada. 
Twenty-Third Annual Report, 1968-1969. Ottawa, 
Canada, 22 pp. 

* Engineering News-Record. V. 183, No. 19, 
Nov. 6, $1969, p. 25. 

To Pages 13 and 14 of work cited in footnote 68. 
"n Pages 29 and 30 of work cited in footnote 

72 American Metal Market. French Forming 
Consortium to Make Big Push in Uranium. V. 
76, No. 205, Oct. 28, 1969, pp. 1 and 11. 

Metal Bulletin. Uranium Mines to Form Uranex. 
No. 5438, Oct. 7, 1969, p. 18. 

78 Chemical & Engineering News. V. 47, No. 27, 
June 30, 1969, 

14 Chemi 1 Week. Vive U.S. Nuclear Plant. V. 
105, No. 18, Nov. 5, 1969, p. 33. 
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United Kingdom, the Netherlands, and 
West Germany, was Gesellschaft für Nu- 
kleare Verfahrenstechnik m.b.H. (GnV), and 
in the Enrichment Organization, Uran- 
Isotopentrennungs G.m.b.H. (URANIT) .75 
Both German companies were established 
in November, the former in Bensberg and 
the latter in Jülich. GnV, which will de- 
velop, plan, and build isotope separation 
facilities using gas centrifuges, is owned 
equally by Internationale Atomreaktorbau 
GmbH. Bensberg: Dornier G. m. b. H., 
Friedrichshafen; ERNO- Raumfahrttechnik 
G. m. b. H., Bremen; and Maschinen-Fabrik 
Augsburg-Nürnberg, Augsburg. URANIT is 
owned by Gelsenkirchener Bergwerks- 
Aktien- Gesellschaft, Essen; Nuklear- Chemie 
und -Metallurgie G. m. b. H., Wolfgang / 
Hanau; and Farbwerke Hoechst. 

Proposed purchases of 350 million worth 
of enriched uranium from the United 
States would offset in part American de- 
fense expenditures in Germany. 76 

India.—The two atomic reactors at Tar- 
apur, Maharashtra State, went critical in 
February and power output reached full 
capacity of 380,000 kw in July.77 At Jadu- 
guda, in Bihar State, the Uranium Corpo- 
ration of India commissioned a crushing 
and grinding plant, with a daily capacity 
of 1,000 tons of uranium ore, and at Hy- 
derabad construction was underway on a 
uranium oxide plant which will produce 
ceramic-quality reactor-grade oxide.78 To 
assure a supply of heavy water for two Ca- 
nadian-type nuclear plants (heavy-water 
moderated) , a French company, L'Air Liq- 
uide et Compagnie de Construction Meca- 
nique, will build an $11 million, 67 tons 
per year heavy water plant near 
Bombay.79 The plant will use an ammo- 
nia-hydrogen exchange process. 

Italy.— About 2.5 metric tons per year of 
mixed uranium and plutonium oxides fuel 
will come from a pilot plant built at the 
Italian Nuclear Research Center at 
Casaccia.so It was claimed that this contin- 
uous proces, which makes microspheres, 
yields greater economy and better fuel 
quality than traditional methods of fuel 
fabrication. 

Japan.—The Japanese have been experi- 
menting with both gaseous diffusion and 
centrifugal methods for enriching uranium 
and intend to make a choice between the 
two by 1972.81 An industrial group from 
the Mitsubishi combine was organized to 
look into commercial uranium enrichment.82 
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Power Reactor & Nuclear Fuel Develop- 
ment Corp. (PNC) worked on the gas 
centrifuge, and the Institute of Physical 
and Chemical Research experimented with 
gaseous diffusion. Although Japan has de- 
pended largely on Canada for its uranium 
concentrate needs, the Government-spon- 
sored PNC intended to study closely de- 
posits in British' Columbia, Canada; Congo 
(Kinshasa); and Niger, as well as to per- 
form basic studies in Australia, Angola, 
Nigeria, Senegal, Thailand, and in other 
parts of Canada.83 


The world's fourth nuclear-powered mer- 
chant ship, the Mutsu, was launched by 
the Ishikawajima-Harima Heavy Indus- 
tries Co. shipyard in Tokyo.84 The ship 
will be powered by a 36-Mwt pressurized 
water reactor and was scheduled for com- 
pletion in 1972. 


Mexico.—A 60 ton per year uranium 
oxide (UsOsg) plant, which consumes 60 
tons of ore per day, was built at Villa Al- 
dama, 35 kilometers northeast of Chihua- 
hua by the Comisión de Fomento Minero 
(Commission for Mining Development) 
and the Comisión Nacional de Energía 
Nuclear (CNEN), the National Nuclear 
Energy Commission Sp A study by a team 
from Mexico, the United States, and the 
AIEA concluded that nuclear multipurpose 
plants (desalination and electricity genera- 
tion) were the answer to water shortages 
in northwestern Mexico and the southwest- 
ern U.S.6 These I- billion-gallon- per- day 
and 200-Mwe plants were expected to pro- 
duce water for 16 to 40 cents per 1, 000 
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gallons and electricity for between 1.8 and 
3.1 mills per kilowatt hour. 

Netherlands.—In March, it was reported 
by the Algemeen Nederlands Persbureau, 
the countrys news service, that work 
would begin in Bornestraat, Almelo, at the 
end of June on a plant to construct centri- 
fuges and, shortly thereafter, on an adja- 
cent pilot plant which will produce en- 
riched uranium.87 

Initial production of enriched uranium 
by the ultracentrifuge system would be 6 
tons per year, which will be increased to 
600 tons per year if the experiment proves 
successful. 

Niger.—Construction continued on a 750 
tons per year concentrator, which is being 
built by Société des Mines de l'Air at its 
Arlit uranium mine.88 The process to be 
used was developed by Ugine-Kuhlmann of 
France. 

South Africa, Republic of.— Uranium re- 
serves in this country, considered the larg- 
est in the world, were augmented with the 
discovery by Newmont Mining Corp. of 2.3 
million tons of additional ore at the 
O'okiep mine in which it has a 57.5 per- 
cent interest.89 Three South African gold 
mining firms—President Brand, Free State 
Saaiplaas, and Welkom—agreed to produce 
uranium jointly.so President Brand will 
treat its own slimes and those of the other 
two companies in a uranium extraction 
plant, with production expected in 1971. 
Late in the year a new uranium extraction 
plant, operated by Western Deep Levels 
Ltd., came on-stream.91 The initial capac- 
ity will be 70,000 tons per month of up- 
graded ore from the Carbon Leader Reef, 
which is about 25 percent of the total ton- 
nage milled at the Western Deep Levels 
gold plant. 

Spain.—Among the Western European 
nations, Spain was said to rank second in 
uranium ore deposits, and among free na- 
tions, sixth.92 It was announced that the 
Instituto Nacional de Industria (INI) and 
the Junta de Energia Nuclear (JEN) will 
build a concentrator in Ciudad Rodrigo, 
near Salamanca, which will make 450 tons 
of UsOs concentrate Per year from local 
ores.93 

Sweden.—AB Atomenergi mines and 
processes uranium ore at Ranstad in 
south-central Sweden. The production 
capacity is about 120 metric tons of ura- 
nium metal equivalent in the form of con- 
centrate but, in order to reduce the neces- 
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sary subsidy, actual production has been 
less than three-sevenths capacity. Over a 
3 year period, the Government expected 
to spend $5 million on the develop- 


ment of methods for extracting uranium 
from shale deposits at Mt. Billingen in 
western Sweden.95 

United Kingdom.—According to cost esti- 
mates for electricity generation stated by 
the Minister of Power, base load generat- 
ing costs for advanced gas reactor (AGR) 
nuclear stations with an assumed life of 25 
years are commensurate with coal. and 
oil-fired plants.96 Future nuclear power 
generation and operating costs in England 
were presented.?7 In order to lower oper- 
ating costs, research reactors, BEPO at 
Harwell and the Materials Testing Reactor 
at Dounreay, were shut down in December 
1968 and May 1969, respectively.98 In an 
appendix, the United Kingdom Atomic 
Energy Authority's 1969 report showed the 
Authority's reactors as of March 31, 1969, 
including their location, start-up date, fuel, 
purpose of operation, and other pertinent 
data. It also was stated that an optimum 
combination of advanced thermal reactors 
and fast reactors, by the late 1970's and 
1980's, could result in a saving of £1,000 
million to £1,200 million in power gener- 
ation costs. 

U.S.S.R.—As a result of a Government 
program, it appeared that a small portable 
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nuclear powerplant will be usable in re- 
mote permafrost areas, such as those in 
Siberia which show promise of discoveries 
and commercial development of gas, oil, 
and minerals.99 This 1,500-kw water-cooled 
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reactor can be dismantled for transport, 
quickly reassembled, and has a small nu- 
clear charge which will last 314 years be- 
fore requiring refueling. 


TECHNOLOGY 


The results of various geological, miner- 
alogical, and  geochemical studies on 
uranium-bearing deposits and materials 
conducted by the U.S. Geological Survey 
were reported in 1969.1 One paper, on the 
content of radioactive material in water, is 
of particular environmental interest, because 
it shows the quantities of soluble uranium 
and radium contributed to the oceans by 
major United States rivers almost 10 years 
ago. 

A resumé of the types of uranium de- 
posits (such as the blanket-type deposits of 
the Powder River Basin of Wyoming) and 
of geologic, geophysical, geochemical, re- 
mote sensing, and drilling methods for 
uranium was published in 1969.2. Remote 
sensing methods are recent developments 
and include infrared sensing, photogeology, 
and radar. Included in the report was a 
table showing a comparison of the meth- 
ods used in prospecting for uranium in 
soils, vegetation, stream sediments and 
stream waters, and general terrain. Finally, 
an exploration program, including a deter- 
mination of the minimum ‘acceptable size 
and grade for a uranium ore body, was 
outlined. In another publication, methods 
using gamma spectrometry, radon surveys, 
and trace element surveys were discussed.3 
With an airborne spectrometer sensitive to 
gamma radiation, it is possible to distin- 
guish the energy levels for uranium, tho- 
rium, and potassium, making it possible to 
recognize areas with rocks rich in potas- 
sium and delineate them from those en- 
riched in uranium and thorium.4 A simi- 
lar method was used in Yugoslavia to 
sample the Zirovski Vrh  uranium-ore 
deposit.5 

In studies of elemental associations of 
uranium minerals in soils and stream sedi- 
ments, copper and copper/lead ratios over 
0.80 were shown to be good indicators of 
uranium mineralization.6 It was believed 
that this knowledge would be useful in 
prospecting for uranium in remote areas. 
A description of prospecting techniques 
used in an uraniferous area of New Zea- 
land concluded with the observation that 


fluorimetric analysis of plants and soils 
gave a reliable indication of uranium in 
the area." Counter discussions on uranium 
prospecting included resumés of procedures 
used in testing soils and water. In two 
Canadian localities—the Gatineau Hills, 
Quebec, and Elliot Lake, Ontario regions 
—radon tests of soils were said to be supe- 
rior to the use of Geiger counters and 
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scintillometers in outlining radioactive 


sources. 


Scientists of the Bureau of Mines contin- 
ued their research on uranium mining and 
extraction, and environmental control 
methods. 10 An improved method for elut- 
ing and recovering uranium, applicable to 
resin-in-pulp and moving-bed type ion ex- 
change, was developed, having a lesser num- 
ber of stages, reduced retention time, and 
requiring less resin. A relatively low-cost 
chemical method, which cost $335 per acre 
for a 34.5 acre tract, was used to stabilize 
acidic and basic uranium leach plant resi- 
dues against wind erosion. The extent of 
radiation experienced by miners was stud- 
ied and ventilation systems analyzed for 
possible improvement to achieve recom- 
mended radiation standards. Factors affect- 
ing the costs of nuclear explosives in the 
mining of Colorado oil shale were dis- 
cussed. ` 


Under the sponsorship of the U.S. AEC, 
much research was conducted in the fields 
of biology, medicine, and environment, in 
fundamental physical research, and in nu- 
clear reactor technology. In metallurgy 
and materials science, tungsten and rhe- 
nium alloys were studied as potential mate- 
rials for containing reactor fuel, and cer- 
tain superplastic aluminum-zinc alloys 
showed promise of potential use as nuclear 
cladding materials resistant to neutron irr. - 
diation. In nuclear engineering, much time 
was devoted to the liquid metal cooled fast 
breeder reactor (LMFBR) concept as a 
logical means to conserve the nation's fuel 
resources. Based upon irradiation perform- 
ance, uranium-plutonium nitride fuel for 
the LMFBR seemed very promising. De- 
pendent upon the commercial development 
of fusion power, abundant energy re- 
sources, in the form of deuterium or heavy 
hydrogen, are available in the oceans. Fea- 
sibility studies in the controlled 
thermonuclear research program were di- 
rected primarily toward developing lower 
cost superconducting materials and meth- 
ods of confining the superhot plasma in a 
fusion reactor. Economic studies indicated 
that power systems in the range of 2 mil- 
lion to 10 million kilowatts would be most 
attractive for the deuterium- tritium fuel 
cycle. Safety research was conducted on 
both water and fast reactors; environmental 
studies, including those on thermal effects, 
deformation and seismic activity, and me- 
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teorology (urban and rural air diffusion), 
were conducted on reactor plant siting and 
operation. 


It was suggested that ventilation tech- 
niques for underground mining operations, 
including uranium mines, could be im- 
proved by increasing the ventilation rate, 
filtering the air several times with properly 
selected filters which remove radon daugh- 
ter products, and using methods to reduce 
the flux of radon into the mine.1? At El- 
liot Lake, data were obtained on factors 
affecting the rate of radon emanation in 
Canadian uranium mines.18 The factors 
were: Rock pressures, barometric pressures, 
temperature, geological noncomformities, 
ventilating air velocities, and rock porosity, 
and lastly, the apparent flux from broken 
ore. Instant measurements of the concen- 
tration of airborne radioactive particles in 
uranium mines were made possible with a 
new instrument, an Instant Working Level 
Meter, developed by Massachusetts Insti- 
tute of Technology (MIT) under an AEC 
contract.14 l 


Another comprehensive report, from the 
Colorado School of Mines Research Insti- 
tute, included a discussion on beneficiating 
ores, recovering uranium values from ores 
by in situ (in place) leaching, heap leach- 
ing, and leaching by means of bacteria, 
handling ores by such methods as blending 
and sampling and preparing it by such 
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means as crushing and grinding.15 It de- 
scribed acid and alkaline leaching opera- 
tions at mills; the recovery of uranium-en- 
riched solution by means of thickeners, 
filters, classifiers, and cyclones; the use of 
ion exchange and solvent extraction for 
concentrating and purifying solutions; and 
refining operations at gaseous diffusion 
plants to produce uranium hexafluoride. 

Similar papers contained a table showing 
direct operating costs for uranium milling 
in the United States, Canada, and 
Australia.16 They concluded that improve- 
ments could likely be made in bacterial 
leaching of the ore, in grinding, in mill 
leach circuits, in solvent extraction purifi- 
cation, and in automatic control. Other 
papers suggested the utilization of bacterial 
oxidation and leaching as a method for 
treating Elliot Lake (Ontario, Canada) 
uranium ores.17 


The increasing number and sizes of nu- 
clear powerplants is leading to the prolif- 
eration of fuel processing plants and the 
need for a policy concerned with plant sit- 
ing and related waste management facili- 
ties. At a symposium sponsored by the U.S. 
AEC and AIME at Iowa State University 
papers were presented on nonaqueous and 
aqueous nuclear fuel reprocessing methods 
as well as on basic data and thermodynam- 
ics.18 The AEC issued a series of reports 
prepared under the direction of the Divi- 
sion of Reactor Development and Technol- 
ogy on advanced reactor concepts.19 The 
studies were conducted to enable govern- 
ment and industry to determine which 
concepts may be expected to compete eco- 
nomically with the light water reactors 
now most commonly used by the electric 
power industry. 

In the future, uranium-plutonium car- 
bide may be used as a fast reactor fuel. 
Newly developed techniques, which result 
in products of high purity and reproduci- 
ble density and dimensions, may easily be 
adapted to the semiremote handling proce- 
dures required with recycled plutonium 
and may have production applications.20 

An innovation may lower the construction 
cost of nuclear powerplants. The size of 
the containment vessel, built to contain 
steam in the event of a reactor accident, 
can be reduced if live steam is cooled in 
an ice chamber. An insulated cold storage 
compartment lining the inside wall of the 
containment structure, which is loaded 
with 22 million dispenser-sized ice cubes, 
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can absorb the heat energy from the live 
steam in about 10 seconds.?1 

Environmental pollution, currently of ex- 
treme concern, has always been of foremost 
importance in the strict AEC regulation of 
uranium waste disposal. At a meeting in 
Oregon, a number of papers on disposal 
were presented.22 Although emphasis was 
on safe storage and disposal methods for 
the nuclear industry, the techniques dis- 
cussed were also applicable to municipal 
and industrial wastes. Schemes for use in 
the nuclear industry included solidification 
techniques such as pot calcination, spray 
solidification, phosphate glass solidification, 
and fluidized-bed calcination, with only 
the last now being used commercially. 
Costs of the fluidized-bed calcination proc- 
ess were optimistically projected as follows: 
Investment, $2.65 per gallon of acidic 
waste; operating, $2.25 per gallon. Another 
proposal was the use of certain soils with 
adequate ion-exchange capacity to act as 
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mechanical filters and reactive media con- 
trolling the composition of liquid radioac- 
tive wastes. The disposal of radioactive 
wastes in solid rock which was also dis- 
cussed, consisted of using large chambers 
in bedrock for storage or of using hy- 
draulic fracturing to inject a mixture of 
radioactive waste, cement, and clay under 
high pressure into a hole drilled into an 
impermeable formation such as shale. An- 
other publication showed methods and 
costs for disposal of waste in salt mines as 
well as comparing nuclear power genera- 
tion with waste production until the year 
2000.23 

The AEC issued a book which will help 
consumers select the proper isotopes.24 Ra- 
diation and shielding, methods of produc- 
tion, and peaceful uses of radioisotopes 
were discussed and shielding and shipping 
information was given. 

The radioactive isotope californium-252, 
which emits large quantities of neutrons 
by spontaneous fission, was the subject of 
several brochures issued by the AEC.25 AI- 
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though only about a gram per year can be 
produced presently, the application sizes 
are very small (a few micrograms for many 
applications) and in these compact sources 
less free space is required to accommodate 
decay helium. Included in practical appli- 
cations for californium-252, many of 
which are subject to further developmental 
work, are radiotherapy and neutron ra- 
diography in medicine, neutron activation 
techniques in industry, and prospecting 
and neutron logging in wells. By the early 
1970's the estimated unit price was ex- 
pected to be $15 to $25 per microgram. 
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1969, 26 pp. 

Californium-252 Progress. Savannah River Oper- 
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Vanadium 


By Gilbert L. DeHuff 1 


As the year advanced demand for vana- 
dium, particularly abroad, and prices rose. 
Domestic production was maintained at a 
high rate, but the new sources of supply 
in Arkansas and the Republic of South 
Africa did not contribute to the extent 
expected due to difficult startup problems. 
Government sales of surplus vanadium pent- 
oxide were resumed in August after a 
lapse of 2 years. 


Legislation and Government Programs.— 
On March 27 the Office of Emergency Pre- 
paredness increased the conventional-war 
stockpile objective for vanadium from 
1,500 to 2,100 short tons of contained vana- 
dium. The portion contained in ferrovana- 
dium remained at 1,200 tons, with the in- 
crease entirely as vanadium contained in 
vanadium pentoxide. 


The first sale of surplus Government 
stocks of vanadium in more than 2 years 


was made in August when 383,866 pounds 
of vanadium contained in pentoxide was 
sold to competitive bidders. A second sale, 
in October, resulted in the award by com- 
petitive bidding of 477,821 pounds of vana- 
dium: contained in pentoxide. At a third 
similar sale in December, 501,980 pounds of 
vanadium contained in pentoxide was sold. 
A total of 1,363,667 pounds of contained 
vanadium was sold during the year. A 
provision of all sales was that the material 
was not to be exported, or resold and ex- 
ported, from the United States. 

As of December 31, 1969, the Government 
inventory totaled 5,306 short tons of vana- 
dium, all of which was in the national 
stockpile. Of this total, 1,200 tons was con- 
tained in ferrovanadium, and the remaining 
4,106 tons was contained in vanadium pent- 
oxide. 


1Physical scientist, Division of Ferrous Metals. 


Table 1.—Salient vanadium statistics 


(Short tons of contained vanadium) 


1965 1966 1967 1968 1969 
United States: 
Production: 
Ore and concentrate: 
Recoverable vanadium lll 5, 226 5,1 4,968 6,4 ; 
Iii uu LS edic thousands. $18,284 $22,210 321,331 $28,148 $26,884 
Vanadium pentoxide recovered. ................ 6,160 6,4 5,92 6,14 ,906 
Consumption.__...-..-.------------------------- 4,708 5,481 5,245 5,495 „154 
Exports: 
Ferrovanadium and other vanadium alloying 
materials (gross weight)-.. 220 482 851 278 644 
Vanadium ores, concentrates, oxides, and vana- 
APT RENE A AMD ee IU MAS IAM 928 886 788 468 258 
Imports (general): 
Ferrovanadium (gross weight 51 8 14 626 449 
Ores and concentrate ss... 72 42 Blo 2 
World production... 9,884 10,029 10,266 11,799 11,849 


1 Measured by receipts of uranium and vanadium ores and concentrates at mills, plus vanadium recovered 
from ferrophosphorus derived from domestic phosphate rock. 


DOMESTIC PRODUCTION 


Western uranium-vanadium ores con- 
tinued to be the principal domestic source 
of vanadium, but the quantity recovered 


from ferrophosphorus was again significant. 
Union Carbide Corp., Wilson Springs, Ark., 
recovered vanadium from Arkansas vana- 
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dium ore. Although problems in both min- 
ing and milling continued at Wilson 
Springs, it appeared that these may have 
been largely overcome by the end of the 
year. Some vanadium residues and spent 
catalysts, as well as some imported vana- 
diferous slag, were included in the feed at 
various mills. Vanadium recovered from 
imported vanadiferous slag is not included 
in the vanadium pentoxide (recovered) 
production figures of tables 1 and 4 for 
1969, but these figures for earlier years 
do include some vanadium from this source. 
None of the figures for any year include 
the vanadium pentoxide equivalent, vana- 
dium content, or any other provision for 
the vanadium involved in any operation 
recovering ferrovanadium directly from slag. 
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Only American Metal Climax, Inc.’s, mill 
at Grand Junction, Colo., and that of Union 
Carbide Corp. at Rifle, Colo., recovered 
vanadium from domestic uranium-vanadium 
or vanadium-uranium ores, or from the 
byproduct liquors or sludges of other 
uranium mills. Although Atlas Minerals, 
Division of Atlas Corp., rebuilt its uranium 
mill at Moab, Utah, which had been des- 
troyed by fire at the end of 1968, it did not 
rebuild the vanadium extraction circuit. 
However, Atlas did convert some accumu- 
lated red cake into fused vanadium pent- 
oxide. 

Kerr-McGee Corp., Soda Springs, Idaho, 
recovered vanadium from ferrophosphorus 
obtained as a byproduct from Idaho phos- 
phate rock. Ferrophosphorus was included 
in the feed at some other mills. 


Table 2.—Recoverable vanadium of domestic origin produced in the United States, 
by States 


(Short tons of contained vanadium) 


State 
lee 
§öÜ§1gæ 38 
Arizona and other States lj 822 
Tots. ³¹mAA˙¹1Üw²̃ ⁰2. ¾˙ uu sln 


5, 226 


1966 1967 1968 1969 
3,697 8,817 8,492 W 
853 471 563 W 
1. 116 1. 175 2, 428 W 
5, 166 4,963 6,488 5,577 


W Withheld to avoid 1968.89, Ps of individual] company confidential data; included in total. 


l Includes Ar 
1965-67, Wyoming 1965-67. 


Table 3.—Mine production and recoverable 
vanadium of domestic origin produced in 
the United States 


(Short tons) 

Mine pro-  Recoverable 

Year duction 1 vanadium * 
/ A 5, 641 5, 226 
SE eer 5, 685 5,166 
TEE 5,088 4,968 
1968______... .. .. . 7,105 6,488 
19689; ... onnc 5,787 5,577 


1 Measured by receipts of uranium and vanadium 
ores and concentrates at mills, vanadium content. 
2 Recoverable vanadium contained i in uranium and 
vanadium ores and concentrates received at mills, 
plus va um recovered from ferrophosphorus 
derived from domestic phosphate rock. 


daho 1865-09 New Mexico 1965—69, North Dakota 1965, South Dakota 


Table 4.—Production of vanadium 
pentoxide in the United States 1 


(Short tons) 
Gross V0; 
Year weight content 
E: -ponien 11,498 10,996 
190661; 2-22 zen 11,955 11,595 
19061. nuc usus 10,915 10,569 
1968... 8 12,105 10,976 
1960. §öo mm 12, 120 10, 542 


l Includes vanadium pentoxide and metavanadate 
produced directly from all domestic sources, plus 
small byproduct quantities from imported chromium 
ores. 


CONSUMPTION AND USES 


Domestic consumption of vanadium con- 
tained in ferrovanadium, other vanadium 
alloys, metal, and some chemicals con- 
tinued to increase. The quantity used for 
alloying with titanium was substantially 
higher, and demand for high-strength low- 


alloy constructional steels and line pipe 
remained strong. 

A new vanadium-aluminum master alloy 
was marketed early in the year. Contain- 
ing 50 percent each of the two elements, 
it was claimed to offer cost advantages in 
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the production of various titanium- 
aluminum-vanadium alloys, while contri- 
buting certain other benefits as well. This 
new alloy supplemented, rather than re- 
placed, the conventional 40-percent- 
vanadium and 85-percent-vanadium. grades 
of vanadium-aluminum master alloy that 
have been available for a long time. 

Foote Mineral Co. announced that it 
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would expand its Cambridge, Ohio, plant 
to more than double production capacity 
for Solvan and standard ferrovanadium 
during 1970 and produce a broader range 
of vanadium products. Pilot-plant produc- 
tion of vanadium acetylacetonate, a poly- 
merization catalyst, was started at Cam- 
bridge. 


Table 5.—Consumption and consumer stocks of vanadium materials in the United States 
| (Short tons of contained vanadium) 


1968 1969 | 
Type of material 

Consumption Ending Consumption Ending 

stocks stocks 

Ferrovanadium lll 4,712 788 5,198 1,272 
?ê«êdm!mu wr uz SSS 155 20 118 20 
. Metavanad ate 94 18 110 11 
EE ĩ ß ss lE 584 161 789 208 

Total EEN 5,495 6,154 1,507 


1 Includes other vanadium-iron-carbon alloys. 


3 Consists principally of vanadium-aluminum alloy and relatively small quantities of other vanadium alloys 


and vanadium me 


3 Data may not add to totals shown due to independent rounding. 


Table 6.—Consumption of vanadium in 
the United States by end uses 


(Short tons of contained vanadium) 


End Use 


Steel: 
Carbon 


Stainless and heat resisting 


1969 


1,296 
pu 


— É—————— o —: 48 
Cast dons Men CR PR s 55 
Superalloys.___._..... .. . . -2-1-2-0 68 
Alloys (exclude alloy steels and "putris ih 
.Cutting and wear resistant vt W 
Welding and alloy hard-facing rods and 
materials... ui LS 
Nonferrous alloys. ................... 618 
Other alloys III JF! 7 
Chemical and ceramic uses: 
55 JJ ĩͤ V 8 Ka 
ee and unspecified. ` 484 
KT KEE 6,164 


W Withheld to avoid ee, frasi com- 


pany nta data, included in 


iscellaneous and 


uns ° 
Age? magnetic alloys. 


2 Includes pigments. 


3 Data may not add to total shown due to inde- 


pendent rounding. 


PRICES 


The dealers price for technical-grade 
vanadium pentoxide (mainly for export), 
as quoted by Metals Week, held at 95 
cents per pound of contained V205 into 
the second quarter of the year. This price 
then began to move upward—apparently 


following rising prices and strong demand 
in Europe and Japan—to be quoted as 
$1.45 to $1.50 from late October into 
December, and $1.75 to $1.80 at yearend. 
The domestic producer price for technical- 
grade fused flake vanadium pentoxide was 
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$1.5] in the third quarter and was in- 
creased. later to $1.64 effective January 1, 
1970, Lob, plant. The producer price for 
technical-grade, air dried vanadium pent- 
oxide also was increased to $1.64 per pound 
of contained V205 effective January 1, 
1970, f.o.b. plant, after having been $1.54 
from September 11. 

The average price obtained in the 
August Government sale of fused black 
vanadium pentoxide was $1.26 per pound 
of contained V205. The October and De- 
cember sale prices averaged $1.35 and $1.64, 
respectively. The average for the total sold 
during the year was $1.43. The pentoxide 
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sold by the Government was of poorer 
quality than that sold commercially. 

The domestic price for ferrovanadium 
remained at $2.90 per pound of contained 
vanadium, packed, f.o.b. plant, until it was 
increased to $3 effective May 15 or July 1 
depending on the producer. Further in- 
creases followed to $3.12 effective Septem- 
ber 11 or October 1, and to $3.47 effective 
December 9 or January 2. Prices for Carvan 
and Solvan, also f.o.b. plant, increased at 


the same times from $2.46 per pound of 


contained vanadium in the first part of 
the year to $2.58, $2.70, and finally to $2.96 
for the start of the new year. 


FOREIGN TRADE 


The average declared value for exports of 
ore, concentrates, and technical-grade oxides 
was $1.41 per pound of contained vanadium 
pentoxide in 1969, compared with $1.19 in 


1968 and $1.44 in 1967. The average de- 


1969 was $2.20 per pound of alloy, com- 
pared with $1.90 in 1968 and $1.99 in 
1967. Exports of both ferrovanadium and 
vanadiumi pentoxide were at a high level 


in the last quarter of 1969. 


clared value of ferrovanadium exported in 


Table 7.—U.S. exports of vanadium, by countries 
(Thousand pounds and thousand dollars) 


Ferrovanadium and other 


Vanadium ore, concentrates, 
vanadium alloying materials 


pentoxide, vanadic acid, 


containing over 6. percent vanadium oxide and vanadates 
` vanadium (except chemically pure grade) 
Destination 
1968 1969 : 1968 1969 
Gross Value Gross Value Vanadium Value Vanadium Value 
weight weight content content 
Australia EE M "m eee 14 25 TET e 
AT TEEN = == "e TN 179 87 xiu s SE 
Belgium-Luxembourg. - - . - um E M NT "E 318 649 1 31 
Brasil... er uz uec 1 n uml 225 4 10 
Canada................. 295 $562 245 521 24 58 85 81 
Chile; o acce cEe 2 SCH SE Sa BR 1 

Colombia. 1 1 S= fas VER (J) (4) 
ET cow 8 (4) (1) 79 214 64 154 28 109 
Germany, West E E 878 769 68 184 172 447 
Hong Kong Se See (!) 1 Li "— ees TIS 
Indigo ous 8 59 143 Me TP 85 64 MN SN 
Italy... . ecu cusam ms e usc zs St EEN ee 19 87 
"Py o MARRE 8 EUN CA 107 200 144 808 107 248 
LIDVRsss ea ¿Luz RES — Ze ES M TT 2 4 
Mexico.................. 61 108 110 205 5 18 7 20 
Netherlands 6 15 94 228 "T ets 106 221 
Netherlands Antilles eae eg "€ e (!) 1 Sau ds 
Rhodesia, Southern BEM TN NN one 7 13 SEH NS 
Span EEN uas GES 87 85 m dc e" SC 
Sweden Fa: = D 179 495 22 46 28 95 
Trinidad Mid [Tobago SES Sa re "P Ld Geen eg 1 8 
ECC ĩ 8 l 5 82 MEM ES "S Se e Qu 
Unit Kingdom: 3 PER PAN M SA 50 125 10 28 
Venezuela . 117 189 69 118 oat — GE SE 
e . . . . . 555 1,052 1,288 2,894 925 1,972 516 1,800 


1 Less than 1⁄4 unit. 


VANADIUM 


There were no imports classified as ore 
and concentrates in 1969. Vanadiferous 
slag (classified as metal-bearing residues) 
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was imported from Chile, the ee of 
South Africa, and the U.S.S.R. 


Table 8.—U.S. imports of ferrovanadium, by countries 
(Thousand pounds and thousand dollars) 


General imports Imports for consumption 


Country 1968 1969 1968 1969 

Gross Value Gross Value Gross Value Gross Value 

weight weight weight weight 
5 8 SN s 81 $58 S Mes 81 1 
ust ria 531 3725 262 84 581 3725 255 3873 
55 ENSE r E r E ET P r e r d f 158 258 
Germany, West 567 796 128 228 521 785 111 189 
Italy... ¿u S. Ee M 42 51 ee L ¿š 42 51 
Sweden. C 77 187 94 167 77 137 94 167 
United Kingdom Su SS 155 188 = x 8 77 94 
Totaal. r 1,252 21,797 897 1,872 121,198 121,710 763 1,185 

r Revised. 


WORLD REVIEW 


In addition to the production reported 
in table 9, the Republic of South Africa, 
the U.S. S. R., and Chile produced vanadi- 
ferous slag from iron ores, and some other 
countries had relatively small unreported 
vanadium production from secondary 
sources, wastes, or as byproducts of the 
recovery of other metals. Canada has re- 
covered vanadium  pentoxide from oil 
residues since 1965. Beginning somewhat 
earlier, Japan. has been producing am- 
monium metavanadate and/or vanadium 
pentoxide from waste sulfuric acid result- 
ing from the production of titanium 


dioxide. West Germany recovers vanadium 
as vanadium pentoxide and ammonium 
metavanadate from South-West African 
lead-vanadium concentrates (credited in 
table 9 to South-West Africa) ; from van- 
adiferous slags; and probably from other 
unreported byproduct or secondary sources 
as well. It is presumed that France still 
recovers vanadium pentoxide as a by- 
product of bauxite processing and possibly 
from other sources. Italy and Sweden may 
also have recovered vanadium from some 
of the above sources in 1969 as well as in 
earlier years. 


Table 9.—World production of vanadium in ores and concentrates, by countries 1 


(Short tons) 

Country 1967 1968 1969 p 

Finland 22225202 322i ee ee 1,292 1,821 1,484 
Norwa EE )))) 8 81 987 965 
South , Republic of LEE 2,115 2,498 2,878 
South West Africa (in lead-vanadate concentrate) „ r 1,080 560 450 
United States (recoverable vanadium). )) 4,963 6,488 . 5,577 
J77/CööͥͥĩÜõõCͥ]˙Ü¹Cſ½ c r 10,266 | 11, 799 11,849 

: Estimate. p Preliminary. Revised. 
! Vanadium also was produced in the U.S.S.R. but data are insufficient for estimation. 


3 Vanadium in vanadium pentoxide product, Republic of South Africa includes vanadium in ammonium 
metavanadate, but doesn't include vanadium contained in slag (production of which began in 1968). 


š Total is of listed figures only. 


Strong demand abroad for vanadium in 
the latter part of the year was due in large 
part to increased pipeline construction in 
Europe, Japan, and Siberia and to the use 
of high-strength low-alloy constructional 
steels. With the new sources of supply con- 
tending with startup problems of some 


magnitude, the results were a marked in- 
crease in overseas prices for vanadium in 
its various forms and an abnormally high 
rate of ferrovanadium exparts from the 
United States in the last quarter of the 
year. x 
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Canada.—A discovery of vanadium in 
association with uranium on Prince Edward 
Island was reported to bear some geolo- 
gical similarity to the uranium-vanadium 
deposits of the Colorado Plateau sandstones. 
Data were insufficient to assess the possible 
economic significance.? | 

South Africa, Republic of.—In the fiscal 
year ended June 30, 1969, Highveld Steel 
and Vanadium Corp. Ltd. produced approx- 
imately 15,000 tons of vanadium slag for 
export. Vanadium recovery was less than 
anticipated due to problems encountered 
in going from pilot-plant to full-scale com- 
mercial operation. Because different methods 
are used by the company’s customers for 
producing ferrovanadium from the slag, 
buyers specifications for the materia] differ. 
Highveld modified its operations in an 
effort to meet these different requirements 
more satisfactorily. 

Sales of vanadium pentoxide by the com- 
pany’s Vantra division increased by almost 
40 percent and production was increased. 
Process variations were under investigation 
in an endeavor to obtain an even higher 
rate of production. 

Union Carbide Corp. announced expan- 
sion plans for the vanadium plant of its 
wholly owned subsidiary, Ucar Minerals 
Corp., located near Pretoria at Bon Accord. 
When completed by mid-1971 at an ex- 
pected cost of $2.6 million, Union Carbide 
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will have its first plant outside the United 
States for the manufacture of Carvan. 
Fraser Chalmers Corp. was awarded an 
engineering and construction contract for 
the job. 

Uganda.—A study of the highly weathered 
Bukusu alkaline complex in southeastern 
Uganda showed that vanadium was asso- 
ciated with magnetite in sufficient quantity 
in the Nangalwe area that it could pos- 
sibly be recovered as a byproduct should 
the economic potential of the magnetite be 
exploited. Concentrations up to 0.35 per- 
cent V,O, were found in the low-titanium 
magnetite deposits at this location. Certain 
similarities with the copper-bearing Pala- 
bora carbonatite complex in the Republic 
of South Africa were noted.3 

United Kingdom.—Ferrovanadium im- 
ports totaled 513 tons in 1969, compared 
‘with 282 tons in 1968. Norway, Sweden, and 
Austria were the principal suppliers in both 
years, but 16 tons came from the Republic 
of South Africa in 1969 and 7 tons from 
Luxembourg in 1968.4 


2 Prest, V. K., H. R. Steacy, and T. J. Bottrill. 
Occurrences of Uranium and Vanadium in Prince 
1969, 14 pp. Geol. Survey Canada Paper 68-74, 

3 Baldock. J. W. Geochemical Dispersion of 
Copper and Other Elements at the Bukusu 
Carbonatite Com ndon), Uganda. Trans., Inst. Min. 
and Met. (Lon v. 78, No. 747, February 
1969, pp. B12-B28 

* Metal Bulletin (London). No. 5459, Dec. 19, 
1969, p. 23. 


TECHNOLOGY 


Bureau of Mines studies of the effects of 
interstitial impurities on low-temperature 
properties of high-purity electrolytic vana- 
dium were extended to measure the effects 


of nitrogen, oxygen, carbon, and boron on 


strength and ductility in the intermediate 
temperature range of 25? to 600? C. Nitro- 
gen and oxygen additions, up to 0.11 and 
0.22 percent respectively, caused strain- 
aging in vanadium at 3009 to 400? C, and 
the vanadium was strengthened substan- 
tially in a linear relationship. The addition 
of boron or carbon had relatively little in- 
fluence on strength in the temperature 
range investigated. There was marked grain 
refinement, and the small improvement in 
strength which was observed was attributed 
to this and to dispersion hardening. The 
nitrogen and oxygen additions did not affect 
grain size.5 


The mechanical properties of vanadium 


containing up to 5 atomic percent titanium 


or molybdenum were measured in the tem- 


perature range of 779 to 673? K. Both 
bomb-reduced commercial vanadium metal 
and electrorefined vanadium metal were 
used.6 

Vanadium alloys are a promising alter- 
nate to stainless steels for use as fuel clad- 
ding in liquid-metal-cooled fast breeder 
atomic reactors (LMFBR). The principal 
functions of the fuel jacket are to provide 
complete containment of the fuel and the 
fission products (gaseous and metallic), to 
protect the fuel alloy from the possible 
deleterious effects of the liquid-sodium 
coolant, and to lend structural support to 


5 Keith, H., and H. G. Iverson. Some Strain- 
Aging Effects in Electrorefined Vanadium. Bu- 
Mines Rept. of Inv. 7222, 1969, 26 pp. 

€ Keith, G. H. Interactions of Titanium and 
Molybdenum Additions With Interstitial Impuri- 
ties in 0 Bu Mines Rept. of Inv. 7262. 

pp 
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the fuel columns that make up the core 
assembly. A comparison of the mechanical 
and thermal properties of several vanadium- 
titanium and vanadium-titanium-chromium 
alloys with two different austenitic stainless 
steels (type 304 and type 316) showed that 
vanadium alloy fuel jackets would be sub- 
jected to only one-third the thermal stresses 
that are generated in austenitic stainless 
steel jackets during reactor excursions be- 
tween 5009 and 700°C when the fuel is 
not in intimate contact. The difference is 
attributed to 37-percent higher tensile 
strength, 40-percent higher thermal con- 
ductivity, and 70-percent lower thermal 
expansivity of the vanadium alloys.* 

One of the problems in the choice be- 
tween vanadium alloys and stainless steels 
for use as fuel cladding in LMFBR reactors 
is the susceptibility of the former to cor- 
rosion by contact with sodium, the pre- 
ferred coolant for this type of reactor. This 
corrosion takes the form of an increase in 
weight due to transport of the interstitial 
elements (nitrogen, carbon, and oxygen) 
through the sodium from the stainless steel 
components of the system. An adverse effect 
on the mechanical properties of the vana- 
dium alloys results. Experiments by West- 
inghouse Electric Corp., Advanced Reactors 
Division, under contract with the U.S. 
Atomic Energy Commission, with three 
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vanadium alloys—Vanstar 7 (V-9Cr-3Fe- 
1.3Zr-0.05C) , Vanstar 9 (V-6Fe-5Cb-1.3Zr- 
0.05C) , and V-20Ti—showed that the ob- 
served weight gain for the V20Ti reference 
alloy was three times that for each of the 
other two. Although the mechanical proper- 
ties were adversely affected, at 700°C the 
Vanstar alloys still retained more than 
adequate ductility for cladding applications 
after 1,500 hours of exposure to sodium.8 


In a Norwegian method for producing 
ferrovanadium by direct reduction of vana- 
diferous slag, obtained in refining vana- 
diferous pig iron, the slag is treated with 
75 percent ferrosilicon to reduce a sub- 
stantial part of of its iron content to metal 
without reduction of the vanadium oxide. 
The resulting iron metal is removed, and 
the remaining material is reduced to fer- 
rovanadium with silicon metal or a highly 
reducing alloy of silicon.® 


? Yaggee, F. L., E. R. Gilbert, and J. W. Styles. 
Thermal Expansivities, Thermal Conductivities, 
and Densities of Vanadium, Titanium, Chromium 
and Some Vanadium-Base Alloys. J. Less-Common 
Metals, v. 19, No. 1, September 1969, pp. 39-51. 

8 Whitlow, G. A., R. J. Hornak, S. L. Schrock, 
and E. C. Bishop. The Effects of Exposure to 
Sodium on the Metallurgical and Mechanical 
Properties of Vanadium Alloys. J. Less-Common 
Metals, v. 18, No. 4, August 1969, pp. 357-371. 

9 Assigned to Christiania Spigerverk. Production 
of Vanadium From Vanadium-Containing Mate- 
rials. British Pat. 1,165,487, Oct. 1, 1969. 
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Vermiculite 


By William N. Hale? 


. Production of crude vermiculite in the 
United States during 1969 was 7 percent 
higher than in 1968 and value increased 20 
percent. Output of exfoliated vermiculite 
increased 17 percent, and the value rose 18 


percent. The average unit value of crude 
vermiculite increased 12 percent or $2.35 
per ton, and the average unit value of 
exfoliated vermiculite increased 1 percent 
or $0.58 per ton. 


DOMESTIC PRODUCTION 


Crude Vermiculite.—Output increased 7 
percent over that of 1968 to 310,000 tons 
valued at $6.8 million. Five companies 
operating eight mines in four States pro- 


duced the entire domestic output. Princl- 


pal production came from W. R. Grace & 
Co., Zonolite Division operations in Lin- 
coln County, Mont., and Laurens County, 
S.C. Other producers were Solomon's Mines, 
Inc, from an operation in Maricopa 
County, Ariz.; American Vermiculite Co. 
and Patterson Vermiculite Co., from opera- 
tions in Laurens County, S. C.; and Lan- 
mont, Inc., from a property in Llano 
County, Tex. 

Exfoliated Vermiculite. Production of 
exfoliated material increased 17 percent in 
quantity and 18 percent in value over 1968 
totals. Twenty-seven firms operating 53 
plants in 33 States exfoliated 249,519 tons 


of vermiculite. W. R. Grace & Co., Zonol- 
ite Division, the largest producer, operated 
22 plants in 20 States. Over 51 percent of 
the exfoliated vermiculite output came 
from operations in six States. The six 
major producing States in order of output 
and the respective number of plants in 
each State were: California (3), South 
Carolina (2), Texas (4), Florida (5), New 
Jersey (8), Illinois (3). Other production 
came from Minnesota, three plants; Ari- 
zona, Louisiana, North Carolina, Oregon, 
Pennsylvania, two plants each; and Arkan- 
sas, Colorado, Georgia, Hawaii, Kentucky, 
Maryland, Massachusetts, Michigan, Mis- 
souri, Montana, Nebraska, New Mexico, 
New York, North Dakota, Ohio,, Okla- 
homa, Tennessee, Utah, HESE Wis- 
consin, one plant each. 


Table 1.—Salient vermiculite statistics 


1965 1966 1967 1968 . 1969 
United S . 
801d and nied by producers: 

rude.....-.--.--- thousand short tons 2 255 290 810 
Value thousand dollars.. $4, 460 . $4,955 H 974 5,684 hu 

Average value per ton. 317.91 $18.91 19.51 19.60 

Exfoliated thousand short tons 177 19 180 218 
Value thousand dollars $13, 424 $15,130 $14,278 $16,845 19.916 
Average value per ton 15.84 $78.89 — $79.92 778.08 G 66 

World: Production, crude... -thousand short tons.. 880 882 871. 419 


CONSUMPTION AND USES 


Exfoliated vermiculite producers 
reported the following end-use percentages 
for 1969: aggregates (concrete, plaster, 
cement), 44 percent; insulation (loose fill, 


block, pipe covering, packing). 34 percent; 


agriculture (horticulture, soil conditioning, 
1 Geologist, ~ 4 Geologist, Alban Mineral Supply eren Office, 
Albany, ge d s 
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fertilizer carrier, litter), 15 percent; and 
miscellaneous uses (largely as a firebase) , 7 
percent. The end-use pattern of exfoliated 
vermiculite shifted slightly, increasing 4 
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percent in aggregates and 3 percent in mis- 
cellaneous uses; it dropped 6 percent in 
insulation and 1 percent in agriculture. 


PRICES 


The average unit value of crude vermi- 
culite, beneficiated at the mine, was $21.95 
per short ton, compared with $19.60 in 
1968. The average unit value of exfoliated 
vermiculite was $79.66 per short ton, f.o.b. 
producer's plant, compared with $79.08 in 
1968. During the year, the market. prices 


quoted by Engineering and Mining Jour- 
nal for crude vermiculite from Montana 
and South Carolina ranged from $18 to 
$35 per ton, f.o.b. mine. Crude vermiculite 
from the Republic of South Africa ranged 
from $29.55 to 19: 15 per ton, c.i.f. Atlan- 


tic ports. 


FOREIGN TRADE 


Imports of crude vermiculite from the 
Republic of South Africa in 1968 declined 
to 10,576 tons from the 15,963-ton total in 


1967. Crude vermiculite was imported duty 
free into the United States. 


WORLD REVIEW 


Canada.—Crude  vermiculite imported 
from the United States and the Republic 
of South Africa was exfoliated in Canada, 
Six companies exfoliated $32,319 cubic 
yards of vermiculite at the following 10 
operations in 1968: Calgary and Edmonton, 
Alberta; Vancouver, British Columbia (two 
plants) ; St. Boniface and Winnepeg, Mani- 
toba; St. Thomas, Ontario; Lachine and 
Montreal, Quebec; and Regina, Saskatche- 
wan. The following end-use percentages 
were reported by exfoliated vermiculite 
producers in 1968: loose fill insulation, 75 
percent; plaster aggregate, 11 percent; 
insulating concrete, 8 percent; and miscel- 
laneous uses, largely for fireproofing, 6 per- 
cent. The exfoliated vermiculite, marketed 
in bags holding 3 or 4 cubic feet, was sold 


at prices ranging from gany: 30 to $0.40 
per cubic foot.2 

South Africa, Republic of. —Crude vermi- 
culite production was 17 percent higher 
than in 1968. Total exports increased 9 
percent over the 1968 tonnage, and value 
increased 14 percent. The average unit 
value of crude vermiculite exported from 
South Africa increased $0.87 per ton. Pala- 
bora Mining Co, Ltd., Vermiculite Divi- 
sion, the only producer in South Africa, 
planned to expand its open-pit mining 
and milling operation in the northern 
Transvaal, and was determining the feasi- 
bility of recovering vermiculite from 
pyroxenite and serpentine by wet-process 
methods. 


1 Wilson, H. S. Lightweight Aggregates, 1968. 
Canada Dot of Energy, Mines, and Resources, 
Ottawa, June 1969, 4 pp. 


Table 2.—Free world production of vermiculite, by countries 


(Short tons) 

Country 1967 1968 1969 » 
EE 8,201 2,547 NA 
B J)) (8 240 2,724 e 4,680 
TEEN 849 2,588 5,713 
Ee . nate 271 308 855 
South Africa, Republic of...._..---..----------------------------- 111,885 121,468 141,968 
United States (sold or used by producers). *254,788 289, 564 309, 467 

ü ⁵ z 870,785 419,157 4462, 768 
«Estimate. v Preliminary. NA Not available. I 


r Revised. 
1 Totals are of listed figures only. 
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Table 3.—Republic of South Africa: Exports of crude vermiculite by countries 


(Short tons) 
Destination 1967 1968 1969 

Austral ß . uu iE E E 2,888 8,988 
VE T E ß ß A AE 8,884 8,850 
KEREN 9,418 9,899 
Germany, Wost- 06.6656 ul O Lu oco A We ĩ eee SSS 296 18,058 
111 ¹ CTI E 19,088 20,164 
JADANR: coo . LL EE 4, 995 4, 647 NA 
Netherland 5744 1,288 
prp) eM MD MIR 2,942 8,902 
%% s :: A0 A aA EE EE 1,840 1,584 
United KingdowH!m]!:!1ſdſk!k kk 80,214 27,745 
A/ ² ü; ⁵ ]ð2- yd ⁰yd ß uQ a2 S 9 10,576 
Other countries. ......... LLL eee 9 , 856 

. ³·W¹ A ⁰MNMNMNNAꝛ a 105, 620 r 106, 052 115, 584 
h ³ð¹—i¹i ³ a $1,980,065 1 $2,119,844 $2,409,097 
Wen e TE $18.75 r $19.98 $20.85 

r Revised. NA Not available. 


1 Converted to U.S. currency at the rate of 1 rand equals 381. 398 (1967), and $1.40 (1968, 1969). 


TECHNOLOGY 


Properties of regulated-set cement, devel- 
oped by the Portland Cement Association, 
were described at the Vermiculite Institute 
28th Annual Meeting, held at Point Clear, 
Ala.3 The cement eliminates marginal 
weather problems sometimes encountered 
in placing vermiculite concrete roof decks. 

An electron-microscopy study of vermicu- 
lite clays was undertaken to ascertain 
whether variations in mode of formation 
and in chemical composition affected the 
shape of the particles. 

Gold Field Laboratories, Mining Divi- 
sion, in collaboration with Palabora 
Mining Co., Ltd., developed for use in 
mines, a plaster of exfoliated vermiculite 
and a bonding agent that effectively sealed 
off surfaces treated with the mixture. The 
vermiculite plaster was an effective fire- 
break for- sealing off underground mine 
fires.5 

Fire rating tests were made on vermicu- 
lite plaster and concrete by the South 
African Bureau of Standards.6 

Patents were issued on the use of unex- 
foliated vermiculite in polyurethane foams 
to improve the fire resistance of the foam 
composition 7, and on its use in fire-retar- 
dant roof-deck construction.8 Vermiculite 
was blended with asbestos fiber on benton- 
ite, and the resulting vermiculite-clay paper 
was used in electronic applications.9 

Crude vermiculite was mixed into a hot 
solution of ammonia, nitrates, or phos- 
phates under conditions which caused 
exfoliation of the vermiculite particles and 
adsorption of the fertilizer values.10 


Exfoliated vermiculite was used as a 
mulch in covering furrows in an agricul- 
tural seed bed. The vermiculite layer was 
sprayed with aqueous polyvinyl acetate 
which dried and bonded the vermiculite 
particles and protected the layer from 
weathering destruction; the emerging seed- 
lings could penetrate the mulch.11 

A British patent was issued for using a 
mixture of ground charcoal and unexfol- 
iated vermiculite for covering molten 
metals as a flux or heat insulation to delay 
heat loss from the surface of the ingot or 
melt.12 


3 Pit and Quarry. Vermiculite Institute Names 
New President and Reports Sales Increases in 
1968. V. 62, No. 2, August 1969, p. 30. 

4Kishk, Fawzy M., and Isaac Barshad. Mor- 

hol of Vermiculite Clay Particles As Affected 

y Their Genesis. Am. Mineralogist, v. 54, No. 
5-6, May-June 1969, JP. 849-857. 

5 Botha, B. J. R. Vermiculite Sealing Plaster in 
Mines. South African Min. and Eng. J., v. 80, 
pt. 1, No. 3967, Feb. 14, 1969, p. 363. 

€ The South African Mining and ei Niege 
Journal. Vermiculite Plaster as d es ng Aid. 
V. 80, pt. 1, No. $986, June 27, 1969, p. 1449. 

7 Saunders, J. H. (assigned to Mobay Chemical 
Co.) . Fire-Resistant Polyurethane Foam. U.S. Pat. 
3,455,850, July 15, 1969. 

Curtis, F. W. (assigned to Lexsuco, Inc.). Fire 
Retardant Insulative Structure and Roof Deck 
Construction Comprising the Same. U.S. Pat. 
3,466,222, Sept. 9, 1969. 

? Kraus, J. W., and F. R. Hurley (assigned to 
W. R. Grace & Co.). Preparation of Vermiculite 
Paper. U.S. Pat. 3,434,917, Mar. 25, 1969. 

Chapin, J. K., Jr., and D. V. Robinson 
5 to W. R. Grace & Co.). Method of 
Thermally Expanding Vermiculite in a Hot Liquid 
and Product da yr by Such Process. U.S. Pat. 
3,459,531, Aug. 5, 1969. 

11 Rothfelder, R. E. (assigned to W. R. Grace & 
Co: crushing Process. U.S. Pat. 3, 475, 435, Oct. 

13 Neu, M. G. (assigned to Foseco International, 
Ltd.). British Pat. 1,151,507, May 7, 1969, 2 pp. 
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Table 4.—Vermiculite exfoliating plants in the United States in 1969 


Company State County 
Arizonolite Co Arizona. 1 
California Zonolite Co California Alameda, Los Angeles. 
Carolina Wholesale Florist Coo North Carolina Lee. 
Cleveland DE. Co., Division of Cleveland 
Builders Supp! o — 5 
Coralux Perlite Cis of New Jersey y New Jersey Middlese 
Filter Media Co., Ine Louisiana St. John the Baptist. 
Hyzer & Lewellen -22 III Pennsylvania Bucks. 
International Vermiculite Co „ Illinois Macoupin. 
La Habra Products, Ine California Orange. 
Lanmont, Inne Texas Llano 
acArthur Go.. eR nes Minnesota. Ramse 
ica Pellets, Ine Illinois De Kalb. 
The B. F. Nelson Manufacturing Co Minnesota Hennepin. 
Patterson Vermiculite Coo South Carolina......... Laurens. 
Robinson Insulation Co. .....................- Montana Cascade. 
North Dakota Ward 
Solomon's Mines, Inc. ...... rr M Arizona Maricopa. 
Southwest Vermiculite Coo New Mexico. .......... Bernalillo. 
Supreme Perlite Co 3 Oregon . Multnomah. 
Texas Vermiculite Co Oklahoma Oklahoma. 
Texas Bexar. 
Dallas. 
Verlite Co. (Schmelzer Sales Assoc., Inc.) Florida... ...--------- Hillsborough. 
Vermiculite of Hawaii, Ine Hawaii Honolulu. 
Vermiculite Industrial Corp...................- New Jersey Essex. 
Vermiculite-Intermountain. ..................- Ir ck Salt Lake. 
Vermiculite-Northwest, Ine Oregon - Multnomah. 
Washington Spokane. 
Vermiculite Products, Ine Texas. ...------------- arris. 
Zonolite Division, W. R. Grace & Co. .........- Arkansas Pulaski. 
Colorado Denver. 
Florida Duval, Hillsborough 
ac 
Georgia Fulton. 
Illinois Cook. 
Kentucky............. Campbell 
Louisiana. Orleans. 
Maryland. ............- Prince Georges. 
Massachusetts Hampshire. 
Michigan.............. Wayne. 
Minnesota. Hennepin. 
Missouri... . 2. . Louis. 
Nebraska Douglas. 
New Jersey Mercer. 
New York............- Cayuga. 
North. Carolina Guilford. 
Pennsylvania Lawrence. 
South Carolina Greenville, Laurens. 
Tennesse Davidson. 


Wisconsin Milwaukee. 


S | Palm 


Zinc 


By Donald E. Moulds! 


The free world production and con- 
 sumption of zinc continued at a record 
level in 1969, although in the second half 
of the year indicated supply had surpassed 
requirements. Mine production was again 
expanded 7 percent to 4.56 million tons, 
and smelter output increased 12 percent 
to 4.26 million tons. Consumption main- 
tained a growth slightly above metal out- 
put with a resulting reduction in producer 
stocks, until June; then decreased con- 
sumption and expanded supply reversed 
the trend in producer stocks and resulted 
in a 102,000-ton increase in these stocks 
during the June-December period. The 
price of zinc in the world market trended 
upward throughout the year as metal de- 
mand and competition for smelter feed 
materials brought pressure. The producer 


price, both domestic and foreign, stabilized, 
however, in September for the remainder 
of the year. 

The domestic industry continued the up- 
ward trend in consumption and produc- 
tion although at a reduced rate. Consump- 
tion of slab zinc increased 2.6 percent to 
1.37 million tons. Mine production in- 
creased 4.5 percent to 553,100 tons, al- 
though all mining areas reported an inade- 
quate supply of experienced underground 
personnel to achieve desired production 
rates. Smelter production of slab zinc in- 
creased 1 percent over the strike-curtailed 
1968 output to 1.11 million tons. Increased 
imports of zinc metal and zinc in ore pro- 
vided an easier supply, although this was 


1 Physical scientist, Division of Nonferrous 
Metals. 


Table 1.—Salient zinc statistics 


1965 1966 1967 1968 1969 
United States 
Production: 
Domestic ores, recoverable content 
short tons.. 611,158 572, 558 549, 418 529, 446 553, 124 
Value. s 2 thousands.. $178,284 $166, 044 $151,562 $142,950 $161,512 
Slab zinc: 
From domestic ores.short tons.. 551, 215 528 , 580 488 , 558 499 , 491 458 , 754 
From foreign ores do.... 448,187 501,486 500, 277 521, 400 581,848 
From scrap............. do.... 88,619 88,268 78,505 79,865 70,558 
Total. c... uu u... do.... 1,078,021 1,108,829 1,012,885 1,100,756 1,111,150 
Secon . do 271. 694 277 , 967 247.2 276, 092 ; 
Exports of slab zine do.... 5,939 1,406 16, 88,011 9,298 
Imports (general): 
Ores (zinc content do.... 428,040 521,920 534, 092 848, 866 602,190 
Slab zinc..................- do.... 152,990 278, 175 222,112 806,540 829 , 008 
Stocks, December 81: 7 
At producer plants do 28, 622 64,798 81,916 65,879 61,602 
At consumer plants.......... do 150, 763 129, 598 102,535 101,818 100,492 
Consumption: 
Slab zinc. .................- do. . 1,854,092 1,410,197 1,286,808 1,888,699 1,808,823 
All classes. ................- do.... 1,742,067 1,806,648 1,591,997 1, „728, 400 1. 797, 110 
Price, Prime Western, East St. Louis 
cents per pound 14.50 14.50 18.85 18.50 14.65 
World: 
on: 
Mine._... .  . cene ERE short tons. r 4,741,587 4, 942,013 5,880,400 5,509,882 5,864,761 
Smelter.................... do.... 4, 852, 571 4, ,498, , 252 4,547 , 754 5, 058, 829 5,519,820 
Price: Prime Western grade, London 
ts per pound 14.12 12.75 12.87 11.89 12.96 
* Revised. 
1 Excludes redistilled slab sinc. 
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Figure 1.—Trends in the zinc industry in the United States. 


offset in part by reduced shipments from 
Government stocks. Producer stocks of slab 
zinc trended downward until June and 
then began to gradually build, especially 
late in the year. Consumer stocks trended 
upward until midyear and then declined, 
and the total producer-consumer stock 
buildup at plants amounted to about 7,000 
tons. The base price for prime western 
grade zinc, f.o.b. East St. Louis, in response 
to the world market began to move up in 
January, and after several producer price 
actions, it stabilized at 15.5 cents per pound 
on September 12. 


Legislation and Government Programs. 
—Sale of zinc by the General Services Ad- 


ministration as an off-the-shelf item to 
commercial consumers under authority of 
Public Law 89-322, and transfers to other 
Government agencies under Public Law 
89-9 continued. Commercial sales in 1969 
amounted to 17,092 tons. No sales were 
made after October. Approximately 22,600 
tons remained in the commercial authori- 
zation. Government transfers, all prior to 
midyear, totaled 165 tons, and about 42,240 
tons remains of the initial 50,000 ton au- 
thorization. The actual decrease in zinc 
stockpile inventory in 1969 was 18,421 tons 
leaving 1,142,185 tons in the stockpile. 

The Lead-Zinc Small Producers Stabiliza- 
tion Act of October 3, 1961 (Public Law 


ZINC 


87-347), as amended, expired December 
31, 1969. The price of zinc reached 14.5 
cents per pound, the ceiling for payments 
on qualified production under the pro- 
gram, on May 1. Payments during the pe- 
riod January through April 1969 totaled 
$69,573 on sales of 2,296 tons of lead and 
4,729 tons of zinc. In the 8-year period of 
.the program, payments totaling $2,589,597 
were made to 91 producers in 11 States on 
sales of 35,830 tons of lead and 68,860 tons 
of zinc. Payments of $1.1 million to 26 
producers in Oklahoma represented nearly 
43 percent of the total. The quality of 
lead and zinc on which payments were 
made represented about 3 percent of the 
total domestic production during the pe- 
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riods when prices were below the 14.5- 
cent-per-pound ceiling established by the 
act. 

The International Lead and Zinc Study 
Group held its 13th session in Geneva on 
October 8-14. The Group, representing 30 
countries, reviewed statistical data and con- 
cluded that supply and demand were then 
in close balance, but it expected an easier 
supply situation in 1970. It was noted that 
the annual growth of zinc consumption 
over the last 10 years had been 6.1-percent. 
Among other matters discussed were the 
growth of lead and zinc industries in de- 
veloping countries, trade  liberalization, 
promotion of consumption, and trends in 
metal production capacity. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


Domestic mines produced 553,100 tons of 
recoverable zinc in concentrate, a 4.5-per- 
cent increase over the strike-curtailed pro- 
duction in 1968. In Tennessee, the upward 
trend in production initiated in 1967 con- 
tinued and output achieved a record 
124,500 tons. A highlight of the 1969 out- 
put was the 41,000 tons produced in Mis- 
souri as a byproduct of the new lead-belt 
mines. The Missouri production caused a 
shift in the- concentration of domestic pro- 
duction; States west of the Mississippi 
River furnished 44 percent of domestic 
production in 1969 compared with 40 per- 
cent in 1968. 


The sources of zinc production in 1969, 
classified according to principal metal 
value, were as follows: 2 63 percent from 
zinc ores; 18 percent from lead-zinc ores; 9 
percent from lead ores; 6 percent from 
copper-lead-zinc ores; and 4 percent from 
all other sources. The average zinc content 
of the 8.9 million tons of zinc ore mined 
in 1969 was 3.93 percent, slightly lower 
than the 3.99 percent indicated for 1968. 

The Balmat mine of St. Joseph Lead Co. 
in New York State continued to be the 
largest domestic mine. The leading 25 
mines listed in table 4 contributed 73 per- 
cent of the domestic output. The first five 
mines produced 28 percent and the top 10 
mines, 45 percent. 


Tennessee, with eight mines in the lead- 
ing 25, produced almost 23 percent of the 
domestic output. A slight increase in 1969 


resulted in a new record for the State at 
124,500 tons of recoverable metal. Ameri- 
can Zinc Co. established a record output 
of 127,100 tons of zinc concentrates in 
fiscal year 1969 from the Young, New- 
Market, Immel, Coy, and Mascot No. 2 
mines. New mining procedures and acceler- 
ated development at the New Market mine 
resulted in improved production, and a de- 
velopment program was in progress at the 
Immel and Coy mines. The New Jersey 
Zinc Co. operated the Jefferson City and 
Flat Gap mines and United States Steel 
Corp. operated the Zinc Mine Works 
throughout the year. Zinc production at 
the Copperhill mine of Tennessee Copper 
Co. was curtailed by a 3-week strike begin- 
ning on September 15. The New Jersey 
Zinc Co., a subsidiary of Gulf and Western 
Industries, Inc, announced early in the 
year a major zinc ore discovery in central 
Tennessee. The deposit, which has not 
been fully explored was reported to have a 
potential exceeding the known occurrences 
of zinc in the eastern Tennessee district 
and could approach or surpass the Tri- 
State district. 


The Penobscot unit of Callahan Mining 
Corp. ir Maine moved almost 1.2 million 
tons of waste and mined 205,300 tons of 
ore of which 183,300 tons, averaging 5.4 
percent zinc, was treated in the concentra- 
tion plant.4 


2 Details of this breakdown are given in table 
3 of the “Lead” chapter. in this volume. 

s American Zinc Co. Annual Report. 1969, p. 5. 

* Callahan Mining Corp. Annual Report. 1969, 


p. 9. 
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New York output of zinc, all from the 
Balmat-Edwards Division of St. Joseph 
Lead Co., decreased 11 percent from 1968 
production. The lower production was at- 
tributable to changes in grade and ore 
tonnage milled, as well as to a labor short- 
age and construction work in progress for 
the new mine and mill facilities to be com- 
pleted.5 

Idaho production decreased slightly in 
1969 mainly due to permanent closure of 
the Page mine by American Smelting and 
Refining Co. upon depletion of the ore. 
The Bunker Hill mine of Gulf Resources 
& Chemical Corp. increased production, 
but shaft construction and slow develop- 
ment of the Star mine deep ore body re- 
sulted in an overall 714-percent decrease in 
mine output of zinc in concentrates during 
the year.6 The 114-mile-deep development 
of the Star-Morning unit area, owned by 
Gulf Resources & Chemical Corp. and 
Hecla Mining Co., was scheduled to be in 
operation in the second quarter of 1970. 
The work, started in 1966, comprises a 
new No. 4 main shaft, ore and waste-han- 
dling facilities, and a hoisting plant capa- 
ble of a 7,100-foot vertical lift.’ 

Zinc production in Colorado in 1969 es- 
sentially regained the level of production 
prior to the strike-curtailed output of 
1967-68. The Eagle mine of The New Jersey 
Zinc continued to be the dominant pro- 
ducer, followed by the Idarado mine of 
Newmont Mining Corp. The start of mil- 
ling operations at the Keystone mine in 
Crested Butte was announced on Septem- 
ber 3. The mine and mill, operated by 
Keystone Mines Co., can process 300 tons 
per day of lead-zinc-silver ore. Newmont 
Mining Corp. and American Smelting and 
Refining Co., jointly developing a lead-zinc 
deposit near Leadville, completed the 1,650- 
foot Black Cloud shaft in February 1970. 
The deposit was stated to have an estima- 
ted 2.4 million tons of ore averaging 9.95 
percent zinc, as well as comparatively high 
values in lead and silver. A 300-ton-per-day 
mill associated and facilities are expected to 
be in production early in 1971.8 Federal Re- 
sources began sinking a shaft in September 
to reach a newly discovered ore body below 
the old workings of the Camp Bird mine 
near Ouray. 

Pennsylvania, New Jersey, and Virginia 
production by New Jersey Zinc Co. in- 
creased approximately 1,500 tons to 76,800 
tons. 
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United States Smelting Refining and 
Mining Co. operated the U.S. and Lark 
mine throughout the year. The ore was 
processed at the Midvale, Utah, flotation 
mill along with other custom ores. Other 
substantial Utah producers were the Bur- 
gin mine of Kennecott Copper Corp., the 
Mayflower mine of Hecla Mining Co., and 
United Park City Mines Co. Development 
work at the Burgin mine, Tintic, Utah, to 
increase the ore production rate to 800 
tons per day continued, and the develop- 
ment shaft at the new Trixie area, also at 
Tintic, was completed. Production of zinc 
at the Burgin mine and at Kennecott's 
Missouri lead operation totaled 15,300 tons 
in 1969.9 The Mayflower mine operated by 
Hecla Mining Co. and owned by New Park 
Mining Co. produced 117,500 tons of ore 
averaging 3.13 percent zinc.10 


Missouri became the fifth-ranking zinc- 
producing State in 1969, the first full year 
of operation of the new lead-belt mines 
and mills of St. Joseph Lead Co., Kenne- 
cott Copper Corp., Cominco-Dresser Indus- 
tries, and American Metals Co.-Homestake 
Mining Co. Zinc is a byproduct of lead 
production. The ratio of zinc to lead in 1969 
was 1 ton of zinc for each 8.64 tons of lead, 
and it is expected to increase as the out- 
put of the new lead belt supplants produc- 
tion from the old lead belt. 


American Smelting and Refining Co. re- 
sumed operation of the Ground Hog unit 
at Vanadium, N. Mex. in May after being 
shutdown since 1965. Monthly ore produc- 
tion reached almost 9,000 tons in Decem- 
ber, and 6,125 tons of zinc in concentrates 
was produced in 1969.11 United States 
Smelting Refining Mining Co. operated the 
Continental No. 1 mine, Fierro, N. Mex., a 
copper-zinc deposit, and the Princess mine 
at Bayard, N. Mex. The Princess mine was 
gradually phased out during the year. The 
Bullfrog mill at Bayard, N. Mex. proc- 
essed zinc ore from the Princess mine and 
also copper ore from the New Continental 
mine at a 400-ton-per-day rate. 

Cypress Mines, Corp., began production 


1969, 


p. 8. 
$ Gulf Resources & Chemical Corp. Annual 
Report. 1969, p. 6. 

1 Hecla Mining Co. Annual Report. 1969, p. 8. 

$Newmount Mining Corp. Annual Report. 
1969, p. 12. 

° INE Copper Corp. Annual Report. 1969, 


p. 
10 Hecla Mining Co. Annual Report. 1969, 8. 
11 American Smelting and Refining Co. Annual 
Report. 1969, pp. 5—6. 


n Joseph Lead Co. Annual Report. 
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in midyear from the newly developed 
Bruce mine near Bagdad, Ariz., and 
achieved a monthly rate of 9,000 tons of 
copper-zinc ore. Standard Metals Corp. 
began construction of a 250-ton-per-day flo- 
tation mill near Kingman, Ariz., to concen- 
trate copper-zinc ores from its Antlers 
mine. American Smelting and Refining Co. 
resumed operations at the Van Stone mine 
at Northport, Wash., in April, and concen- 
trates containing 6,137 tons of zinc were 
produced during the year.12 Eagle-Picher 
Industries Inc. completed the development 
work at the Swalley lease near Baxter 
Springs, Okla., and began shipping ore to 
its Central mill at Carden, Okla. Zinc pro- 
duction from the Illinois-Wisconsin area 
decreased 16 percent from the 1968 total 
and over 25 percent from the 1967 total. 


SMELTER AND REFINERY PRODUCTION 


Production of slab zinc increased 1 per- 
cent in 1969 to a record 1.11 million tons 
as operations continued normal at all of 
the plants except the electrolytic refinery 
of The Anaconda, Mont, which was shut 
down at the end of August. Output during 
the first half of 1969 was at the high level 
established in the last 3 quarters of 1968. 
Over 100,000 tons was produced in January 
and in March, and the 6-month average 
was 97,900 tons. Shipments during this pe- 
riod exceeded production by some 29,300 
tons with a corresponding decline in 
stocks. The reduction in output beginning 
in August, however, resulted in an average 
monthly production of 92,600 tons for the 
year. Shipments were reduced severely, and 
September was the only month in the last 
half of the year in which shipments ex- 
ceeded production. 

Secondary zinc production increased 11 
percent to 307,700 tons as continuous oper- 
ations in the brass mills provided a larger 
supply of new and old scrap. The total 
supply from secondary sources, processed 
into slab zinc, zinc dust, alloys, and chemi- 
cals, amounted to 376,400 tons and repre- 
sented 21 percent of the total consumption 
of zinc the same as in 1968. 

Slab Zinc.—The slab zinc production of 
1.11 million tons was derived from domes- 
tic ores, 41 percent; foreign ores, 52 per- 
cent, and secondary materials, 7 percent. 
The domestic ores continued the decline, 
begun in 1966, in percentage of total feed. 
In 1965 domestic ores represented 55 per- 
cent of the total slab zinc output, as im- 
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ports were curtailed by the quotas in ef- 
fect until October 1965. In 1969 electrolytic 
zinc comprised 41 percent of the slab zinc; 
distilled zinc, 53 percent, and redistilled at 
primary and secondary plants, 6 percent. 
Special high grade represented 42 percent 
of the total produced and prime western 


grade, 32 percent. The reduction in prime 


western and the increase in high grade in- 
dicated a demand for higher grade zinc in 
the continuous galvanizing lines which 
came on stream during the year. The in- 
crease of 18 percent in brass special grade 
reflects the normal operation of brass mills 
during the year. 


The Zinc Smelting Division of St. Joseph 
Lead Co. increased metal output to 215,600 
tons in 1969 compared with 206,200 tons 
in 1968. Zinc oxide output was also in- 
creased to 35,200 tons.13 American Smelt- 
ing and Refining Co. produced 140,900 
tons at its Amarillo and Corpus Christi, 
Tex. plants in comparison with 124,000 
tons in the strike curtailed production 
in 196814 and begun operation of a new 
zinc-dust plant at Whiting, Ind. The 
Anaconda Company closed its electrolytic 
refinery at Anaconda, Mont., at the end of 
August because of a shortage of concen- 
trates from outside sources and reactivated 
two cell blocks at its Great Falls, Mont., 
refinery to bring that plant up to full ca- 
pacity. Production in 1969 was 180,300 
tons compared with 148,400 in 1968 and 
180,700 tons in the recent high year of 
1966.15 The Bunker Hill Co., a subsidiary 
of Gulf Resources & Chemical Corp., in- 
creased zinc metal production 3 percent to 
106,000 tons despite production curtailments 
in the first quarter arising from severe 
weather.16 American Zinc Co. produced 
127,600 tons of slab zinc during the fiscal 
year 1969, or about 5,900 tons more than 
production the year before at its Dumas, 
Tex., and East St. Louis, III., plants.17 The 
company also produced a record 44,000 tons 
of zinc pigments at its Columbus, Ohio and 
Hillsboro, Ill. plants. 

Slag-Fuming Plants.—Processing of lead 
smelter slags to recover the 7 to 13 percent 


12 American Smelting and Refining Co. Annual 
Report. 1969, p. 6. 
13 St. Joseph ‘Lead Co. Annual Report. p. 12. 
14 American Smelting and Refining Co. Annual 
Eeport 1969, p. 26. 
he S o Company. Annual Report. 
1969, 
» Gulf Resources & Chemical Corp. Annual Re- 
port. 1969, p. 6. 
17 American Zinc Co. Annual Report. 1969, p. 6. 
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of contained zinc was continued at five 
plants—American Smelting and Refining 
Co. at Selby, Calif, and El Paso, Tex.; 
The Anaconda Company at East Helena, 
Mont.; Bunker Hill Co. at Kellogg, Idaho; 
and International Smelting & Refining Co., 
at Tooele, Utah. Material processed during 
the year consisted of 741,100 tons of new 
hot-slags, 76,200 tons of old slags, and 
8,600 tons of ores. The total of 825,900 
tons was substantially above the 612,700 
tons treated in 1968. The yield of oxide 
fume was 144,900 tons containing 94,700 
tons of recoverable zinc. compared with 
113,600 tons of fume and 72,900 tons of 
zinc in 1968. 

Secondary Zinc Smelters.—Zinc recovered 
from processing secondary materials a- 
mounted to 376,400 tons compared with 
354,700 tons in 1968. New scrap from re- 
processing various alloys, primarily zinc- 
base and copper-base, provided 78 percent 
of the feed material. Zinc-base scrap de- 
clined with the curtailed activity in diecast- 
ing, while copper-base scrap reflected the 
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full-year operation at brass mills. Old 
scrap continued to be a minor component 
of secondary zinc. The recovered zinc was 
mainly reused in copper-base alloys. Proc- 
essing to metal decreased from 34 percent 
of the total in 1968 to 29 percent in 1969. 


Byproduct Sulfuric Acid.—The recovery 
of sulfur from stack gases evolved in the 
roasting of zinc sulfide ores and in retort- 
ing processes has been intensified to meet 
increasingly rigid clean-air requirements. 
The sulfur dioxide is usually processed to 
sulfuric acid. A measure of the progress in 
air pollution abatement is the byproduct 
acid output. In 1965 about 961,600 tons of 
sulfuric acid was produced, or 0.89 ton per 
ton of slab zinc, while in 1969, the 
1,086,900 tons of sulfuric acid produced 
represents 0.98 ton per ton of slab zinc. 

Zinc Dust.—Production of zinc dust de- 
creased in 1969 after an upward trend for 
several years. Of the 55,100 tons produced 
about 33,200 tons came from metal dis- 
tilled from scrap. 


CONSUMPTION AND USES 


Consumption of slab zinc increased 2.6 
percent to 1.37 million tons. Zinc-base al- 
loys required 42 percent of the slab zinc; 
galvanizing, 35 percent; brass mills, 13 per- 
cent; rolled zinc, 4 percent; and zinc oxide, 
3 percent. The remaining 3 percent was 
used in many small-tonnage applications. 
The l-percent drop in galvanizing was es- 
sentially in light-gage sheet and in wire 
rope and reflected the depressed construc: 
tion and automobile markets. Galvanized 
pipe, containers, and fencing requirements 
were bright spots in the galvanizing area. 
The ll-percent increase in brass require- 
ments -flected a full-year operation at 
brass plants compared with strike-curtailed 
production in 1967-68. A shortage of cop- 
per in 1969 undoubtedly adversely affected 
the demand for slab zinc. Zinc-base alloys, 
the major factor in the recent growth of 
zinc demand, posted only a 2-percent in- 
crease and reflected the curtailed demand 
from the automobile industry. Rolled zinc 
use was similar to that in 1968, while the 
use of slab zinc for high-purity zinc oxide 
in the French process increased almost 19 
percent and thus continued the growth 
trend initiated in 1964. The average an- 
nual compound growth in the last 5 years 
was about 15 percent per year. 


Consumption of slab zinc by grades was 
as follows: Special High grade, 50 percent; 
Prime Western grade, 29 percent; High 
grade, 10 percent; Brass Special, 9 percent; 
and Intermediate and remelt grades each 
about 1 percent. The pattern in 1969 indi- 
cated a shift in demand with Brass special 
decreasing 51% percent compared with 1968 
consumption. Special High grade posted a 
l-percent increase, and Prime Western in- 
creased. 5 percent. | 

Rolling mills used 48,700 tons of slab 
zinc and produced 46,500 tons of salable 
products, mainly strip and foil and pho- 
toengraving plate. Imports of rolled prod- 
ucts—plates, sheets, and strip—amounted 
to 970 tons; exports were 2,700 tons. While 
the overall value of domestic output in- 
creased slightly, as did the value of im- 
ported rolled zinc, the value of exports de- 
clined, and the value added by rolling also 
decreased. The total tonnage through the 
rolling mills, including 24,400 tons re- 
melted and rerolled from scrap, amounted 
to 70,900 tons compared with 69,500 tons 
in 1968. 

Illinois continued to lead the United 
States in consumption of slab zinc with 14 
percent of the total and was followed by 
Michigan, Pennsylvania, Indiana, and New 


ZINC 


York. The zinc-consuming industries in 
these five States represent 56 percent of the 
domestic requirements for slab zinc. The 
largest end uses were diecasting in Mich- 
igan, galvanizing in Ohio, and brass pro- 
ducts in Connecticut. 


ZINC PIGMENTS AND COMPOUNDS 


Production.—Production of zinc pig- 
ments and compounds increased in total to 
341,700 tons, or slightly above the record 
336,100 tons in 1968. Shipments of 340,200 
tons were slightly below production, in 
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contrast to the indicated 2,800-ton excess 
of shipments over production in 1968. Zinc 
oxide production of 220,400 tons repre- 
sented a 5-percent increase for the year, 
and the value increase amounted to ll 
percent. Leaded zinc oxide production 
however, was less than one-half the 1968 
tonnage, and shipments, while less than 
the 1968 total, did exceed production by 
2,000 tons indicating a substantial draw- 
down of stocks. Production and shipments 
of zinc chloride decreased approximately 
17 percent, while zinc sulfate production 


AZinc chloride 


1960 1965 9 70 


Figure 2.— Trends in shipments of zinc pigments. 
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increased 20 percent to 68,500 tons and ex- 
ceeded shipments by almost 8,900 tons. 

Zinc pigments and compounds were pro- 
duced from ore, refined metal, and second- 
ary materials, depending on the process 
used. Lead-free zinc oxide production by 
the American process from ores amounted 
to 59 percent of the total. The French 
process using slab contributed 29 percent, 
and the remaining 12 percent was derived 
from secondary materials and residues. 
Production of zinc oxide and sulfate con- 
sumed 120,700 tons of zinc in ores, of 
which 89,900 tons, or 74 percent, was from 
domestic mines. The amount of domestic 
zinc in ores consumed in pigments repre- 
sented 16 percent of the domestic mine 
production in 1969 and was significantly 
above the 12.6 percent posted in 1968. 

Consumption and Uses.—The leading re- 
quirements for zinc oxide is in manufac- 
ture of rubber, a use which continued to 
trend upward to a record 116,000 tons 
and represented 53 percent of the lead-free 
zinc oxide consumption. The use in photo- 
sensitive copying paper continued to gain 
in tonnage; at 27,600 tons, it was the second 
largest requirement in 1969 and surpassing 
the 25,200 tons used in paint pigments, es- 
pecially in the widely used alkyd-latex 
paints. Zinc oxide in various chemical 
compounds continued at the high level es- 
tablished in 1968, while agricultural and 
ceramic requirements declined compared 
with 1968. 

Consumption of leaded zinc oxide in 
paint pigments has developed about 2,000 
tons per year since 1966. Zinc sulfate ship- 
ments increased in gross weight, but mois- 
ture content was indicated at 22 percent 
compared with 10 percent in 1968. Agricul- 
ture requirements decreased, as did the 
various other uses on a dry basis. 

Prices.—The pricing of zinc oxide fol- 
lowed the uptrend in the price of slab 
zinc, although the January 10 increase of 
one-half cent in slab zinc was not reflected 
in the zinc oxide price until April 1, and 
the one-half-cent rises in slab zinc on May 
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] and September 2 were not reflected until 
October. The price of American-process 
zinc oxide, lead-free, carload lots, freight 
allowed, thus increased from 1514 cents 
per pound to 1554 cents on April 1 and to 
1614 cents per pound on October 1. French 
process, green seal grade, advanced from 
1714 cents per pound to 18 cents and then 
to 1834 cents on April 1 and October 1, re- 
spectively. Leaded zinc oxide, 35 percent 
grade, increased from 155/ cents per pound 
to 1614 cénts and then to 17 cents. 

Zinc sulfate, monohydrate, 36-percent in 
carload lots, was quoted at 914 cents per 
pound until early August when a range of 
915 to 10 cents per pound developed. The 
price stabilized in early September at 10 
cents. Zinc chloride, 50-percent, in tank 
cars, continued throughout the year at the 
6.20-cents-per-pound price effective October 
1, 1968. 

Foreign Trade.—Exports of zinc oxide in 
1969 amounted to 3,780 tons. Shipments 
were directed to 38 countries. Canada was 
the leading destination with 1,454 tons, 
followed by West Germany and Belgium- 
Luxembourg. Lithopone exports amounted 
to 1,090 tons to 31 countries. South Viet- 
nam was the largest importer with 612 
tons, followed by Canada with 323 tons. 

Imports of zinc compounds for consump- 
tion totaled 23,500 tons in 1969 compared 
with 20,800 tons in 1968. Zinc oxide 
amounted to 14,600 tons, all except 242 
tons of which was lead-free. Mexico was 
the largest source with 6,180 tons, followed 
by Canada, 4,780 tons; Japan, 750 tons; 
and West Germany, 650 tons. Poland sup- 
plied 25 tons in 1969. Lithopone imports 
of 261 tons were mainly from West Ger- 
many and the Netherlands. Zinc chloride 
came mainly from West Germany, 730 
tons; Belgium-Luxembourg, 422 tons; and 
Canada, 190 tons. Zinc sulfate imports in- 
creased sharply in 1969 to 6,240 tons, of 
which 5,000 tons came from Mexico and 
1,060 tons from Australia. The total value 
of zinc compound imports was $4.48 mil- 
lion compared with $4.15 million in 1968. 


STOCKS 


Producer Stocks.—Stocks of slab zinc at 
producer plants at the beginning of the 
year amounted to 65,380 tons, of which 
64,700 tons was located at primary reduc- 
tion plants and 680 tons at secondary 
plants. Shipments exceeded production for 


the first 5 months with a resulting decline 
in stocks of 30,000 tons at smelters and 
5,000 tons elsewhere by the end of May. A 
slight buildup of 10,000 tons occurred in 
the period June to October, but im No- 
vember and December production substan- 
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tially exceeded shipments, and stocks in- 
creased to 67,700 tons at yearend of which 
secondary plants held 890 tons. 

Consumer Stocks.—Slab zinc stocks held 
by consumers opened the year at 101,800 
tons and were reduced to 94,600 tons by 
the end of March. A buildup in the sec- 
ond quarter brought stocks back to the 
101,800-ton level at the end of June. The 
buildup continued in the third quarter to 
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105,700 tons at the end of September. 
Increased supply and declining demand in 
the fourth quarter included consumers to 
reduce inventories, and stocks ended the 
year at 100,500 tons essentially unchanged 
from beginning stocks. In view of reduced 
demand for die-cast alloy, the major 
change in stocks by grade was the 9,000- 
ton reduction in special high grade and 
the increase in the other general-purpose 
grades of slab zinc. 


PRICES 


The domestic price of prime western 
grade zinc at East St. Louis, stable at 1314 
cents per pound since June 20, 1967 began 
an upward trend on January 10 when 
American Zinc Co. announced increases 
that raised the price to 14 cents per 
pound. Other producers followed the 
move, and 14 cents per pound was the 
domestic quotation by January 14. Effective 
April 30, American Zinc Co. again in- 
creased the price a Lë cent per pound to 
1414 cents, and by May 1 all other pro- 
ducers had followed the increase. National 
Zinc Co. initiated, effective September 2, 
an increase of 1 cent per pound bringing 
the price to 151% cents per pound. Between 
September 2 and September 12 a range of 
1414 to 1514 cents existed in the market as 
other producers split on the price increase, 


FOREIGN 


Exports of slab zinc decreased to 9,300 
tons, of which India received 90 percent. 
The substantial reduction essentially re- 
sulted from curtailed shipments of zinc 
from Government stocks to India by the 
U.S. Agency for International Development. 
Exports of semimanufactured products— 
sheets, plates, strips, etc.—amounted to 
2,700 tons compared with 3,000 tons in 
1968. Canada was the major destination 
with 44 percent, followed by Pakistan, 29 
percent, and India, 13 percent. Zinc scrap 
exports also decreased in 1969 with Canada 
receiving 62 percent of the 2,000 tons, fol- 
lowed by the United Kingdom and Vene- 
zuela, 3 percent each, and 10 other countries, 
principally in South America, receiving 
small shipments. Exports of semifabricated 
forms almost doubled to 28,800 tons. The 
semimanufactured zinc was shipped, in 
castings and other forms, to 31 countries 


but on September 12 the 1515-cent price 
was adopted by all domestic producers and 
continued in effect the remainder of 1969. 

The producer price in continental Eu- 
rope opened the year at 1214 cents per 
pound (U.S. equivalent) and moved up in 
late April to 12.96 cents and again in early 
August to 13.93 cents per pound where it 
continued to yearend. The average pro- 
ducer price for the year was 13.02 cents per 
pound 

The London Metal Exchange monthly 
average price trended upward throughout 
the year except for a slight reversal in 
February. The peak in daily spot prices 
for zinc occurred in late November when 
the price exceeded 1414 cents per pound. 
The closing spot price on December 31 
was 13.88 cents per pound. 


TRADE 


with the United Kingdom 57 percent and 
Canada, 33 percent. The total value of 
zinc exports, excluding pigments, was $11.4 
million compared with $16.8 million in 
1968. 

Imports of semimanufactured zinc arti- 
cles, other than compounds, consisted of 
866 tons of plates, sheets, and strip, 71 
tons of wire, 65 tons of bars, 15 tons of 
piping, 8,272 tons of zinc dust, powder, 
and flake, 1,770 tons of waste and scrap, 
and 716 tons of dross and skimmings. The 
value of semimanufactured items totaled 
$3.47 million, of which zinc dust accounted 
for 76 percent and waste and scrap, 7 per- 
cent. Canada was the leading supplier fol- 
lowed by Belgium-Luxembourg and Yugo- 
slavia. 

General imports amounted to 602, 100 
tons of zinc in ore and 329,000 tons of 
metal. The tonnage of both zinc in ore 
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and zinc metal established new records 
well above the previous highs in 1968. Im- 
ports for consumption indicated that a 
substantial tonnage of ore and metal was 
delivered to warehouses rather than to 
consumers. The major suppliers of zinc in 
ore were Canada, 58 percent; Mexico, 25 


WORLD 


The reporting and compiling of statisti- 
cal data on zinc production and consump- 
tion throughout the world vary in 
reporting guidelines, sources, and scope of 
estimating. Mine production in the free 
world in 1969 thus ranges from the 4.48 
million tons of the American Bureau of 
Metal Statistics (ABMS) 18 through the 
4.66 million tons of the Bureau of Mines 
to the preliminary total of 4.74 million 
tons by the International Lead and Zinc 
Study Group.19 The addition, the Bureau 
of Mines estimate of 1.20 million tons for 
the communist areas, excluding Yugoslavia, 
results in a world total of 5.86 million 
tons of mined zinc. This preliminary total 
represents an increase of about 6 percent 
over the revised total for 1968. Smelter 
output likewise varies widely; the Bureau 
of Mines reports insofar as possible pri- 
mary metal, while the Lead and Zinc 
Study Group reports slab zinc output from 
both primary and secondary sources. Free 
world smelter output thus ranges from the 
4.33 million tons reported by ABMS 
through the 4.35 million tons reported by 
the Bureau of Mines to 4.48 million tons 
reported by the Lead Zinc Study group. 
The output of Communist countries is es- 
timated by the Bureau of Mines at 1.17 
million tons; thus, world production is in- 
dicated at 5.52 million tons. This prelimi- 
nary total indicates a 9 percent increase in 
1969 over the revised total for 1968. The 
Lead and Zinc Study Group compiles data 
on both free world production and con- 
sumption of slab zinc on a contained 
metal basis, and the preliminary total 4.43 
million tons consumed, compared to 4.52 
million tons produced, indicates a surplus 
of some 90,000 tons of metal, of which 
54,000 tons was reportedly an increase in 
1969 free world producer stocks. The pre- 
liminary total for consumption indicates a 
7-percent increase over consumption in 
1968, well below the 10-percent íncrease 
achieved in 1968. 

Mine production of zinc expanded about 
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percent; and Peru, 10 percent. Of the im- 
ported metal, Canada furnished 46 per- 
cent; Japan, 16 percent; Australia, 10 per- 
cent; and Peru, 9 percent. The value of 
imports for consumption of ore and metal 
was $164 million compared with $145 mil- 
lion in 1968. 


REVIEW 


4 percent in North America, and the 2.17 
million tons produced represented 37 per- 
cent of the world output. South American 
production also expanded by some 13 per- 
cent, and Australia increased output 19 
percent. The combined output of North 
and South America and Australia repre- 
sented 53 percent of world production. 
Canada continued to lead in output with 
almost 23 percent of the world total, fol- 
lowed by the U.S.S.R., Australia, the 
United States, Peru, Japan, and Mexico. 

Smelter production increased almost 4 
percent in North America and 18 percent 
in Australia, while South America in- 
creased 3 percent. The combined output 
from these three continents represented 36 
percent of world production. The United 
States continued to lead in metal output 
with 19 percent of the world total. Japan 
supplanted the U.S.S.R. as the second larg- 
est producer as a result of an 18-percent 
increase over 1968 output. The annual 
growth of zinc metal output in Japan has 
been phenomenal with an average annual 
compound rate of 15 percent since 1961. 
West Germany posted a 78-percent increase 
in zinc metal output owing to a new elec- 
trolytic smelter and expansion at two other 
zinc plants. 


The world zinc industry continued to 
emphasize, as in recent years, exploration 
for new ore deposits and development and 
construction of new mine, mill and 
smelter facilities. Essentially all of tbe 
major producing countries have announced 
new projects, in progress or planned, which 
will substantially increase zinc production. 

Argentina.—Cía. Minera Aguilar, S. A., 
an affiliate of St. Joseph Lead Co., utilized 
its expanded capacity to produce 67, 900 
tons of zinc concentrates. The greatest 
bulk of the concentrates was shipped to 


18 American Bureau of Metal Statistics Yearbook. 
1969, pp. 70—71. 

19 International Lead and Zinc Study Group Bul- 
letin. July 1970, pp. 16-18. 
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the electrolytic zinc plant of Compañía 
Sulfacid, S.A., near Rosario and to Com- 
pañía Metalurgica Austral’s zinc smelter at 
Commodoro Rivadavia.20 

Australia.—The highlight for zinc pro- 
duction was the major expansion in out- 
put at the Mount Isa Mines Ltd., 52.7- 
percent owned: by American Smelting 
and Refining Company (Asarco). Produc- 
tion of zinc during fiscal year 1969 in- 
creased from 54,900 tons to 87,700 tons as 
the mining rate achieved 16,000 tons per 
day, the planned goal of the major expan- 
sion program started in 1959. Plans were 
announced to bring into production a new 
mine in the nothern leases to be known as 
the Hilton mine. A production rate of 
7,000 tons per day of silver-lead-zinc ore is 
scheduled for 197^ Reserves have been es- 
timated at 89 million short tons averaging 
7.7 percent lead and 9.6 percent zinc.21 

The Broken Hill mines of North Broken 
Hill, Ltd, The Zinc Corp, Ltd, New 
Broken Hill Consolidated, Ltd., and Broken 
Hill South Ltd. had a relatively quiet labor 
situation except for a strike in March. Pro- 
duction was expanded during the year and 
developments were in progress that should 
increase the annual zinc production from 
the area to 280,000 tons from the current 
260,000 tons. 

E.Z. Industries, Ltd., operating mines at 
Rosebury in Tasmania and a smelter at 
Risdon was in the process of doubling 
mine production from the present level of 
50,000 tons per year and also of expanding 
the smelter from 150,000 to 220,000 tons 
per year. A new zinc ore body at Beltana 
South, Australia, which may come into 
production late in 1970, was announced by 
E.Z. Industries. The 40,000-ton-per-year ca- 
pacity of the Broken Hill Associated 
Smelters plant at Port Pirie for distilling 
lead-zinc slags continued operating at full 
capacity. Sulphide Corp. Pty. Ltd. operated 
its 55,000-ton-per-year Imperial smelter and 
brought into production its new zinc metal 
upgrading plant at Cockel Creek, New 
South Wales. 

Canada.—Canadian production of zinc 
in ore expanded from 500,000 tons in 1963 
to 1,300,000 tons in 1969 and established 
Canada as the leading world exporter of 
zinc. In 1969, 805,000 tons in concentrates 
and $08,000 tons of metal were exported. 
Ontario now ranks first in zinc output, fol- 
lowed by Northwest Territories, Quebec, 
New Brunswick, and British Columbia. 
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These five Provinces supply 81 percent of 
the total mine production. 

The highlight of Canadian zinc mining 
in 1969 was the completion of the Anvil 
open pit mine, concentration, and trans- 
portation facilities and the first shipment of 
18,000 tons of concentrates to Japan in De- 
cember. The more than $60 million proj- 
ect, owned 60 percent by Cyprus Mines 
Corp. and 40 percent by Dynasty Explora- 
tion Ltd. had reserves, as of April 1969, of 
63.5 million tons of ore averaging 3.4 per- 
cent lead and 5.7 percent zinc. The initial 
planned capacity is 240,000 tons per year 
of 54-percent-zinc concentrates, all of 
which have been contracted by Japanese 
smelters over an 8-year period. Án expan- 
sion of the concentrator is underway to in- 
crease capacity about 25 percent. The ad- 
ditional concentrates will be shipped to 
West Germany. The production from the 
Yukon, reflecting the Anvil mine output, 
increased from 2,700 tons in 1968 to 17,000 
tons in 1969. 

The development of Mattagami Lake 
mines, Quebec and New Brunswick mines 
in 1963-64, initiation of operations at the 
Pine Point mine in Northwest Territories 
in 1965, and startup of the Kidd Creek 
mine in Ontario in 1966, the Nigadoo 
River mines in 1967, and the Anvil mine 
in 1969 have all added large tonnages to 
the output of Cominco Ltd., Hudson Bay 
Mining and Smelting, Ltd., Noranda Mines 
Ltd., Buchans Unit of Asarco, Heath Steele 
Mines, Ltd., and some small producers. 

The four plants operated by Canadian 
Electrolytic Zinc, Ltd.; Cominco Ltd.; East 
Coast Smelting and Chemical Co. and 
Hudson Bay Mining and Smelting Co. Ltd. 
have an annual capacity of 524,000 tons of 
refined zinc. Texas Gulf Sulphur Co. an- 
nounced in April plans to build an elec- 
trolytic zinc plant near Timmins, Ontario, 
to process about one-half of the concen- 
trates from the Kidd Creek open pit. The 
plant will cost about $50 million and is 
scheduled for operation in early 1972. 

Germany, West.—A major development 
in the European zinc industry was the in- 
creased metal output in West Germany. 
The 105,500-ton increase resulted from a 
full year of operation at the Datteln elec- 
trolytic zinc refinery, a joint venture of 


Em St. Joseph Lead Co. Annual Report, 1969, p 


31 American SCIRE and Refining Co. Annual 
Report. 1969, p. 14. 


1154 


Stolberger Zinc A.G. and Metallgesellschaft 
A.G. The refinery began operation in Au- 
gust 1968 with a designed capacity of 
80,000 tons of zinc per year. Increased ac- 
tivity by Preussag at the Harlingerade and 
Oker plants pointed toward an annual zinc 
capacity of 140,000 tons. 

Japan.—While mine production of zinc 
increased about 6,100 tons in 1969, smelter 
output increased 117,500 tons as a result of 
plant expansion at Mitsui Mining and 
Smelting Co., Toho Zinc Co., Nippon Min- 
ing Co. Ltd., and Mitsubishi Metal Mining 
Co. Ltd. and the startup of a new Impe- 
rial Smelting process plant by Hachinohe 
Smelting Co. early in 1969. The annual ca- 
pacity for zinc metal production was indi- 
cated at about $800,000 tons per year, 
which was almost achieved in 1969. Im- 
ports of zinc ores in 1969 increased from 
451,000 tons to 478,000 tons and originated 
principally in Peru, Canada, Australia, 
South Korea, Bolivia, and Mexico. The 
large zinc output of the Anvil mine in 
Canada and the Matilde mine in Bolivia 
was contracted for delivery in concentrates 
to Japanese smelters. ` | 

Mexico.—Zinc ore production increased 
from 264,600 tons in 1968 to 279,300 tons 
in 1969, while smelter output was essen- 
tially unchanged at 88,500 tons. Asarco 
Mexicana, S.A., 49-percent owned by Asarco, 
produced 64,700 tons of refined zinc and 
56,000 tons of zinc in concentrates and 
fume. Asarco Mexicana is constructing a 
new concentrator at the San Martin, Za- 
catecas mine with double the capacity of 
the old mill. Construction of a new mill at 
the San Antonia mine, Santa Eulalia, Chi- 
huahua, was also in progress, and the new 
mill at the Plomosas mine in Chihuahua 
acheived capacity by mid-1969.22 
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Cía. Metalúrgica Mexicana Peñoles S.A. 
continued development of La Negra mine 
at Maconi, Queretaro, with production 
scheduled at the end of 1970. Peñoles also 
announced construction of an electrolytic 
zinc refinery, to be completed in 1972, at 
Torreón with a capacity of 120,000 tons 
per year. Asarco Mexicana began a study 
on building an electrolytic zinc refinery of 
similar capacity, to supplement its present 
retort refinery in Nueva Rosita, Coahuila 
and the Zincamex refinery at Saltillo, Coa- 
huila. The combined zinc refinery capac- 
ity will exceed 330,000 tons annually when 
the projects are completed. 

Peru.—Mine output of zinc in 1969 in- 
creased from 321218 tons in 1968 to 
346,954 tons, while smelter output declined 
to 68,600 tons. Operation of the Cerro de 
Pasco Corp. smelting complex at La Oroya 
was interrupted by a labor stoppage in 
April and in August and September. Over 
a month's worth of production was lost. 

Toho Zinc Co. Ltd. of Japan contracted 
with Banco Minero del Peru to jointly 
prospect and develop the Gran Bretaíía 
mine located some 230 miles east of Lima. 
Confirmed. deposits are said to total 1 mil- 
lion tons of ore averaging over 20 percent 
zinc. 

Compañia Minerales Santander Inc. a 
subsidiary of St. Joseph Lead Co., contin- 
ued development of its underground zinc- 
lead mine and shipped 81,200 tons of zinc 
concentrates during the year.23 

San Ignacio de Morocoha S.A. completed 
installation of a concentration plant at the 
new San Vicente mine in central Peru. 
The plant will produce about 48,000 tons 
of zinc in concentrates annually for ship- 
ment to Japan. 


TECHNOLOGY 


The International Lead-Zinc Research 
Organization (ILZRO) conducts an indus- 
try-sponsored research and development 
program for zinc and lead that covers a 
wide range of individual projects in zinc 
chemistry, corrosion protection, diecast- 
ing, and wrought zinc. Progress in the 
various programs is published in semian- 
nual reviews, which are available from 
Zinc Institute Inc., 292 Madison Ave., New 
York, N.Y. 10017. The Zinc Development 
Association and the Zinc Institute Inc. re- 


view and publish abstracts of all current 
world literature on the uses of zinc and on 
research work on zinc. An index of these 
abstracts may also be secured from the 
Zinc Institute. 

The Bureau of Mines published the re- 
sults of a study on various materials for 
use as retort flasks in horizontal distilla- 
tion furnaces and the laboratory evaluation 


23 American Smelting and Refining Co. Annual 
Report. 1969, Pp. 13-15. 
ib St. Joseph Lead Co. Annual Report. 1969, p. 
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of the most promising modifications.24 
The properties of a zinc-copper-titanium 
alloy at extrusion temperatures between 
400° and 720? F were also published.?5 
The Bureau of Mines developed a process 
for producing high-purity zinc and tin by 
electrorefining from liquid amalgams. Com- 
mercial grades of zinc and tin were dis- 
solved in mercury to produce saturated 
amalgam anodes for electrorefining to cath- 
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melted zinc-base alloy scrap. Spent sal 
skimmings were found to give the best 
results.27 


2 Tyrell, M. E., and K. J. Liles. Horizontal Zinc 
Retorts. BuMines Rept. of Inv. 7215, 1969, 88 pp. 
d J. S. Risbeck. Effect of 


Inv. 7229, 1969, 22 pp. 
% Chambers, D. H., and A. W. Maynard. High - 
Electrorefining. 


ode metal.?e Also investigated were alter- 3! Mon , D., and J. A. Ruppert. Refining 
nate processes tor aiuminum remova m  BuMines Rept. of Inv. 7315, 1969, 10 pp. 
Table 2.— Mine production of recoverable zinc in the United States, by States 
(Short tons) 

State 1965 1966 1967 1968 1969 
Aen.. aa ae 21,757 15,985 14,880 5,441 9,089 
Affen ana 22 835 441 , 525 8,827 
Colorado... . 58,870 54,822 52,442 |, 258 58,715 
Idaho EEN : 60,997 „528 57,248 55, 900 
Illinoli- oo v . mas 18,814 15,192 20,416 18,182 18,765 

—Á—— —— 8 508 , 169 , 765 , 012 1,900 
KEEN 5,654 , 586 6,817 w w 
LTL WEE 4,812 8,968 „480 12,301 41,099 
Montt aa 88,786 29,120 8,841 8,778 6,148 
Novadi. u o ̃ ⁊ᷣ ⁊ lee . 8 858 5, 827 8,085 2,104 941 
New Jersey. dg td ee 88,297 25,287 26,041 25,668 26,076 
New Mexico 86,460 ,296 21,880 18,686 24,808 
New York hee, , 880 78,454 70,555 66,194 58,728 
Oklahoma. ._....--.-.-..-.-.-..--.-.-.-.- 12,715 1,287 10,670 6,921 2,144 
%%% ³ dÄ/ẽ NNNM. mp ̃ÜP !!!!!! (3) 
Pennsylvania 27,68 28,080 85,067 80,882 88,0865 
nnn ->.= -.- 122 , 887 108,117 118,065 124,089 124,582 
Dt o y; E eee oe 27,747 87,828 84,251 88,158 84,902 
WVIIEIBIA EE 20,491 17,666 18,846 19,257 18,704 
Was KEE 22,280 24,772 21,540 18,884 9,788 

% ö 8 26,998 24,775 28,958 25,711 22,901 
Other “Steeg. ecse ceca andaa . , 102 12,627 
Totali .. .. . . u... u — ——— 611,158 572, 558 549, 418 529,446 553, 124 


W . to oe disclosing individual company confidential data; included with “Other States.” 


Less t un 
2 Totals are of listed figures only. 


Table 3.—Mine production of recoverable zinc in the United States, by months 


(Short tons) 
Month 1968 1969 Month 1968 1969 

January ep ep e e o ep em e ep 2 mp em em 2 — 42, 894 42, 205 —— e em em 2 e e em — 46, 679 47,289 
Februar 41,985 48,040 September 45,081 7,408 
Mareůo nnd 41,007 46,076 G00 Cece ,088 47,908 
April coc os i. ag ,728 48,112 November 44,178 46,826 

ay... en em e e db or en em em e em em e em gn en ep 45,297 48,067 —— em em —— e e em em en om a 9 , 467 
. A . . ... E , 664 47,151 
!A AA 42, 986 45, 686 en 529 446 553, 124 
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Table 4.—Twenty-five leading zinc-producing mines in the United States in 1969, 
in order of output 


Rank Mine County and State Operator Source of zinc 
. 1 Balmat : St. Lawrence, N.Y....... St. Joseph Lead Co Lead-zinc ore. 
2 Friedensville............ Lehigh, Pa............. The New Jersey Zinc Co. . Zinc ore. 
8 Eagle... 20 ie S mA Eagle, Colo J eco Do. 
4 Sterling Hi!! es Sussex, N. J. §»»;oͤ 8 Do. 
5 YOUNG EE Jefferson, Tenn.......... American Zinc Coo Do. 
6 Bunker Hill- 8 Shoshone, Idaho......... The Bunker Hill Co Lead-zinc ore, sil- 
ver tailings. 
7 New Market Jefferson, Tenn New Market Zinc Co. ... Zinc ore. 
8 Austinville and Ivanhoe.. Wythe, Va. The New Jersey Zinc Co Lead-zine ore. 
9 Zinc Mine Works Jefferson, Tenn United States Steel Corp. Zinc ore. 
10 Jefferson City........... .... e EE The New Jersey Zinc Co. . Do. 
11 Edwards St. Lawrence, N.Y....... St. Joseph Lead Co Do. 
12 Immel Knox, Tenn American Zinc Coo Do. 
18 Idarado. .............-. oue and San Miguel, Idarado Mining Co Copper-lead-zinc 
olo. ore. 
14 Star-Morning. .......... Shoshone, Idaho......... Hecla Mining Co........ Lead-zinc ore. 
15 Fletcher Reynolds, Mo St. Joseph Lead Co...... Lead ore. 
16 U.S. and Lark Salt Lake, Utah. ........ United States Smelting, Lead, lead-zinc 
| Renning and Mining ores. 
o. 
17 Copperhill.............. Polk, Tenn Tennessee Copper Co. ... Copper-zinc ore. 
18 Flat Ga Hancock, Tenn.......... The New Jersey Zinc Co... Zinc ore. 
19 Burgin______ 93 woe Utah, Utah............. Kennecott Copper Corp.. Lead, lead-zinc 
ores. 
20 „ tacos Yavapai, Ariz........... Cyprus Mines Corp Copper-zine ore. 
21 b TEUER Lafayette, Wiss „ Industries, Zinc ore. 
ne. 
22 Mascot No. 22 Knox, Tenn American Zinc Co Do. 
23° Page. 2c Shoshone, Idaho......... American Smelting and  Lead-zinc ore. 
Refining Co. 
24 Penobscot Unit Hancock, Maine Callahan Mining Corp... Copper-zinc ore. 
25 Hanover Grant, N. Mex.........- The New Jersey Zinc Co. . Zinc ore. 


Table 5.—Priniary and redistilled secondary slab zinc produced in the United States 


(Short tons) 
1965 1966 1967 1968 1969 
Primary: 

From domestic ores. ..................- 551,215 523,580 488,558 499, 491 458,754 
From foreign orees 443,187 501,486 500, 277 521, 400 581,843 
NK: NEE 994,402 1,025,066 938,830 1,020,891 1,040,597 
Redistilled Secondary 22 8 83,619 83,263 73, 505 79, 865 70, 553 

Total (excludes zinc recovered by re- 
melting)-------------------------- 1,078,021 1,108,329 1,012,335 1,100,756 1,111,150 


Table 6.—Distilled and electrolytic zinc, primary and secondary, produced in the 
United States, by methods of reduction 


(Short tons) 
Method of reduction 1965 1966 1967 1968 1969 
Electrolytic primary. .---------------------- 408,128 433,576 371,267 398,265 458 , 589 
Distilled..... l ee ee eee 586,274 591,490 567 , 568 622 , 626 587 , 058 
Redistilled secondary: 
At primary smelter ss 70,306 71,560 58,341 67,101 60,607 
At secondary smelters.................. 13,818 11,703 15,164 12,764 9,946 


Ke EE 1,078,021 1, 108,329 1,012,885 1,100,756 1,111,150 
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Table 7.—Distilled and electrolytic zinc, primary and secondary, produced in 
; the United States, by grades 


(Short tons) 
Grade 1965 1966 1967 1968 1969 

Special high.....-.-.-.-.-.-.-.-.------.-- 479, 736 452 , 722 436 , 849 449 ,659 468 , 792 
"d sz ae eR ee co SPECTET y 112,451 139, 814 92, 956 117,224 136,416 
Intermediate 17,985 28,555 26,522 56,686 57,180 
Brass special... --------------------------- 86,695 103,184 91,079 75,840 89,306 
SSI; 8 „ . a eaaa 
Prime western- `- nnn 380, 845 389, 054 364,929 401,347 359, 456 
KEE 1,078,021 1,108,829 1,012,335 1,100,756 1,111,150 


Table 8.—Primary slab zinc produced in the United States, by States where smeltered 


(Short tons) 

State 1965 1966 1967 1968 1969 
h/ ³·¹w˙ 91,000 90,983 92,184 102,946 105,700 
III! 114,181 96,809 115,659 119,657 131,243 
MoOntene=2. ro ull LL ES SEL deest 143,927 174,821 111,834 142,929 174,034 
Oklahoma. . . ---ee eee 154,187 165,162 163 , 826 172,174 143,575 
Pennsylvania and West Vireinig 278,870 291 , 403 271, 192 302, 884 286,164 
Texas...--.----------------------- 5 212,287 205, 888 184, 185 180, 301 199, 881 

e "———— HP! 994,402 1,025,066 938,830 1,020, 891 1,040,597 


Table 9.—Primary slab zinc plants by group capacity in the United States in 1969 


Slab zinc 
Type of plant Plant location capacity 
(short tons) 
Electrolytic plants: 
American Smelting and Refining Company) Corpus Christi, Te 
American Zinc Co. ....... LLL LLL LLL LL LL LLL Lll lll. Sauget, Ill... .............. 
The Anaconda Company. .... Anaconda, Mont 510, 700 
)))/!(öüãͤĩͤͤ ³o¹ A ĩ⁊ mr LE AT Great Falls, Mont 
The Bunker Hill Co Kellogg, Idaho 
Horizontal-retort plants: 
American Smelting and Refining Company. ............ Amarillo, Te 
American Zinc Co_._.....-.-----.-_------------------ Dumas, "Tex 
Blackwell Zinc Co., American Metal Climax, Inc........ Blackwell, Okla. C 
Eagle-Picher Industries, Inne Henryetta, Okl aa. 
National Zine Coo Bartlesville, Okls 715. 000 
Vertical-retort plants: ! 
Matthiessen & Hegeler Zinc Coo 22 Meadowbrook, W. Va.....- 
The New Jersey Zinc Co. Depue, Ill................- 
Do WO Me Er EROR Palmerton, Pa .-.-------- 
St. Joe Minerals COPD EE Josephtown, Pa... 


Table 10.—Secondary slab zinc plants by group capacity in the United States in 1969 


Slab zinc 
Company Plant location capacity 
(short tons) 

American Smelting and Refining Company. ................ Sand Springs, Okl a 
Be EE Trenton, N. JJ. 
American Zine cooooooooo· „ „ṽ)ð Hillsboro, III. 
Apex Smelting dd See Chicago, Ill................ 
Arco Die Cast Metals Co -------------------------- Detroit, Mich.............. 
Wulst uu cese suede eae Fairfield, Ala. 

General Smelting CoOoꝛꝛꝛ LL cL Lll. l l.l. Bristol, Pa 54,400 
Gulf Reduction [ OoOoOoOoO Houston, T 
H. mer GO A a a E El Segundo, Cali. 
Pacific Smelting Coo odd Torrance, Calif. 
Sandoval Zine (ooo Sandoval, III 
Superior Zinc Corp... __.---.---.-----------.------------- Bristol, Pa 


Wheeling-Pittaburgh Steel Corpse. bocce ec d e LLOC Uu Martins Ferry, Ohio. ....... 
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Table 11.—Stocks and consumption of new and old zinc scrap in the United States 


in 1969 
(Short tons) 
Consumption 
Class of consumer and Stocks Receipts Stocks 
type of scrap Jan. 1! New Old Total Dec. 31 
Scrap scrap 
Smelters and distillers: 
New clippings...................- 160 623 670 | ..... 670 118 
RR s cece secus 415 6,512 6,456 6,456 471 
Engravers’ plates. 462 3,1777 3,392 3,392 247 
Skimmings and ashes 12, 887 63, 395 64,646 |. ..... 64,646 11,636 
Sal skimmings. .................. 357 24188 243 114 
Die-cast skimmings..............- 2,498 5,215 4,890 | ..... 4,890 2,828 
Galvanizers' dross. ............... ,648 69,714 66,496 |. 66,496 12,866 
Diecasting ggg 3,199 38,17 37,929 37,929 377 
Rod and die scrap. ..............- 197 5222 1, 502 1,502 1,227 
Flue dus. 2,277 6,788 5,465 E E 5,465 8,600 
Chemical residues 6,281 7,664 9,878 cL... 9,878 4,067 
// ˙iꝛwww eee 38,381 203,727 152, 288 49,279 201, 567 40, 541 
Chemical plants, foundries, and other 
manufacturers: 
ei ð i èͤ K ͤ y p dbaaan ies 
Old zin 4 D. — x 7 7 2 
Engravers’ pee ⅛ ] Ü ð 
Skimmings and ashes 1,841 10,072 9,623 9,629 2,290 
Sal skimmings. gs 5,892 7,703 8,154 8,154 5,441 
Die- cast skimmings. d  ----- 
Galvanizers’ dros .....  ----- 
Diecastingsg____._ 14 388 383 888 17 
Rod and die geren... 45 OF — S 88 88 14 
e eke ek 207 8,420 3,188 | 2a. 8,138 489 
Chemical residues 1,128 27,240 26,9199 26,919 1,444 
Total. ui uu z zo ERE ELSE 9,126 48,888 47,884 478 48,812 9,697 
All classes oí consumers: 
New clippings... l 160 623 6710 670 113 
Old ine - 419 6,5117 6,468 6,468 478 
Engravers’ plates 462 8,177 — ----- 8,392 8,392 247 
Skimmings and ashes 14,728 78,467 74,269 74, 269 13,926 
Sal skimming ggg „249 7, 703 8,3977 8,897 5,555 
Die-cast skimmings. .............. ,498 5,215 4,890 | ..... 4,890 2,828 
Galvanizers' dross. ............... 9,648 69,714 66,496 | ..... 66 , 496 12,866 
Diecastings.....................- ,218 88,4983 | ...... 38,312 38,312 3,394 
Rod and die scrap. p 242 2,689 LLL. 1,590 1,590 1,241 
Flue dust... koe LS sae 2,484 10,208 8,608 | ..... 8,603 4,089 
Chemical residues 7,404 84,904 36,7977 36,797 5,511 
TOU. cul 8 47,507 252,610 200,122 49,757 249, 879 50, 238 


1 Figures partly revised. 


Table 12. Production of zinc products from zinc-base scrap in the United States 


(Short tons) 
Product 1965 1966 1967 1968 1969 
Redistilled slab zinc_______ 2. 83,619 88,263 73, 505 79, 865 69, 256 
Zinc dd m! y sS SSS Kd 33, 512 34, 826 32, 801 37,903 38 , 747 
Remelt spelteerrrrr‚rrrr . 5, 324 6,970 4,831 8,580 8,978 
Remelt die-cast slab. ...........................- 14,760 13,008 14,520 14,570 16,979 
Zinc-die and diecasting alloys. ..................- ,468 4,333 3,882 4,128 4,401 
Galvanizing stock. 1,450 1,585 1,690 2,107 1,849 
Secondary zinc in chemical products. ............. 47,997 89,834 88,289 45,654 45,298 
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Table 13.—Zinc recovered from scrap processed in the United States, by kinds of 
scrap and forms of recovery 


(Short tons) 
Kind of scrap 1968 1969 Form of recovery 1968 1969 
New scrap: As metal: 
Zinc-base...............- 144,089 184,668 By distillation: 
Copper-base. . ........... 127,468 156,381 Slab zine 14. 78,691 68,677 
Aluminum base 3, 100 3,494 Zinc dust... 87,3884 33,241 
Magnesium- base 324 221 By remelting............- ; e 
Total ER 274,926 294,764 Totale deseo scopas. 121,465 107,557 
Old scrap: In zinc-base alloys...........- 17,682 19,980 
Zine- base 41,408 40, 284 In brass and bronze 163,490 196, 244 
Copper- base 35,390 37,975 In aluminum- base alloys. s 6,041 6,853 
Aluminum- base 2, 900 3,288 In magnesium-base alloys ` 541 459 
Magnesium- base 99 80 In chemical products: 
—M Zinc oxide (lead-free)..... 19,816 21,049 
Total... Lev xS 79,797 81,627 Zinc-sulfate.............. 11,860 11,986 
—— Zinc chloride 18,847 10,917 
Grand total. 854,728 376,391 Miscellaneous 1,131 1,946 
rr oz 283,258 268,834 
Grand total. 864,728 376,891 


1 Includes zinc content of redistilled slab made from remelt die-cast slab. 


Table 14.—Zinc dust produced in the United States 


Value Value 
Short a — ⁰ ͤ „ Shortpa r way — 
Year tons Total Average Year tons Total Average 

(thou- per (thou- per 

sands) pound sands) pound 
1968538 3 51,958 $19,328 $0.186 1968. ere 61,566 $22,041 $0.179 
1958... 55,485 20,418 .184 1989 5 55,055 21,861 .194 
oo L seso, 50,278 18,098 .180 


Table 15.—Consumption of zinc in the United States 


(Short tons) 
1965 1966 1967 1968 1969 
Slab fine eet E 1,354,092 1,410,197 1,236,808 1,888,699 1,368,328 
Ores (recoverable zinc content) 1122,892 1126,696 01114,8901 1 124, 109 126,712 
Secondary (recoverable zinc content) 2 265,083 269,650 240,888 270, 592 302, 075 
S „/Ü;ĩ ͤ— mus ̃ 66 1,742,067 1,806,548 1,591,997 1,728,400 1,797,110 


1 Includes ore used directly in galvanizing. 
2 Excludes redistilled slab and remelt zinc. 
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Table 16.—Slab zinc consumption in the United States, by industry uses 


(Short tons) 
Industry and product 1965 1966 1967 1968 1969 
Galvanizing: 
Sheet and strip 270, 826 264,312 236,135 256,319 251,625 
Wire and wire rope. ..................- 43,884 89,114 36,745 36,089 92,348 
Tubes and pipes 63,224 68,848 61,792 63,621 65,898 
Fittings (for tubes and pipes) „641 10, 150 11,768 13,801 11,418 
Tanks and containers NA 4,285 4,137 3,815 5,561 
Structural shapes NA 17,888 18,779 20,238 19,454 
Fastener ss NA 4, 340 4,234 4, 826 5, 586 
Pole-line hardware NA 11,400 9,985 9,050 9,409 
Fencing, wire cloth, and nettin . -.-.----- NA 15,821 16,544 15,984 17,984 
Job galvanizing......................- 51,011 NA NA NA NA 
Other and unspecified uses... 44,835 59 , 859 58,486 58,074 57,091 
%%%..U 482,421 495,967 458, 605 481,817 476, 324 
Brass products: 
Sheet, strip, and plate -------------- 58,864 97,095 67 , 237 86,185 90,777 
Rod and wire ` 45,510 60,079 40,759 49,888 56,989 
ü usss 8 10, 080 12, 148 8,884 9,818 10, 928 
Castings and billet?ss 8,050 3,878 2,295 2,286 5,958 
Copper-base ingo ts 7,402 9,352 8,121 12,153 13, 642 
Other copper- base produeta --.-.--- 1.992 3, 500 4,241 1, 576 1.175 
TOUR o den ⁵ð A SPD E 126,848 185, 552 131, 537 161,906 179, 469 
Zinc-base alloy: 
Diecasting allo 629, 809 596,371 525, 960 551,896 565,839 
Dies and rod allo 53 495 420 807 504 
Slush and sand casting alloy. ........... 7,626 9,170 8,738 10,243 10,048 
Ke NEEN 637,970 606,036 535,118 562,946 576,391 
Rolled ne LLL c LL LL lll. 45,882 52,612 45,443 48,943 48,650 
ine 0 a uisi 25,781 28,498 29,774 34,937 41,447 
Other uses: 
Wet bat teres... 1,188 1,529 1,284 1,828 1,536 
Desilverizing lead 2,444 2,776 1,394 2,978 3,957 
O meral l y 8,124 10,239 8,805 8,422 7,562 
Other]. ee i 8 23,434 27,048 24, 848 29, 932 32,987 
PPJJö§ö;—Tè³ !] ] ] ]] AA... E 35, 190 41,592 36,331 43,150 46,042 
Grand total... 1,854,092 1,410,197 1,286,808 1,333,699 1,368,323 


NA Not available. 


! Includes zinc used in making zinc dust, bronze powder, alloys, chemicals, castings, and miscellaneous uses 
not elsewhere mentioned. 


Table 17.—Slab zinc consumption in the United States in 1969, by grades 
and industry uses 


(Short tons) 
Industry pecu High Inter- Brass Prime! Remelt Total 
highgrade grade mediate special western 
Galvanizing................. 25,157 23,127 1,249 109,080 315,369 2,342 476,324 
Brass and bronze 46,214 84,839 226 6,690 38,510 2,990 179, 469 
Zinc-base alloy 573, 143 1,444 64 808 679 253 576,391 
Rolled zinc... ............... 18,548 16,186 5,843 J ..... 8,0783 .J ..... 48,650 
Zinc oxide 7,487 8,470 uxo aaa 25,540 | ..... 41,447 
Arr. usus 20,486 3,764 199 11,574 9,962 63 46,042 
Sell syilu ces 690,979 137,830 7,581 128,152 398,133 5,648 1,368,323 


1 Includes select grade. 
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Table 18.—Rolled zinc produced and quantity available for consumption in the 
United States 
1968 1969 
Value Value 
Short Short 
tons Total Average tons Total Average 
(thou- per (thou- per 
sands) pound sands) pound 
Production: 1 
Photoengraving plate 12,004 $8,708 30.363 10, 745 37,958 30.370 
Other plate over 0.875 inch thick W W W W 
Sheet zinc less than 0.875 inch thick. W W W W W 
Strip and foil...................- 81,468 14,087 . 2298 81,970 14,151 .221 
Rod and wirre w W W W W W 
Total rolled zin e- 47,524 25, 804 272 46, 540 25, 850 278 
n, ß cect dee 754 290 192 966 418 216 
Ao 3,048 2, 228 365 2,714 1,746 322 
Available for consumption............- 45,8318 — ..... ws 44,974 Sig dats 
Value of slab zinc (all grades). 195 J . masia 147 
Value added by rolling ..... S187 ` a. Waai .181 


W Withheld to avoid disclosing individual company confidential data; included in total. 
1 Figures represent net 5 In addition, 21,936 tons in 1968 and 24,888 tons in 1969 were rerolled 
from scrap originating in fabricating plants operating in connection with zinc-rolling mills. 


Table 19.—Slab zinc consumption in the United States in 1969, by industries and States 


(Short tons) 

State Galvanizers Brass mills! — Diecasters ? Other ? Total 
Alabama 41,113 W — W 42,467 
Arizona... -_..--.-----------.- W | „ W w 
Arkansas ?:: ^ ^ Ql222 -.—.--- W W 
Californian 33,724 2.751 12,964 W W 
Colorado W W 8,248 
Connecticut — 8,258 47,274 w W 57,078 

FGG“ l L cue ue W W 1,875 
Florida. 3,3112 W  ..... W 
COTEIR aee cc e e ua cn weston —Q W  ¿zess W 
HAWAII. W. — —— Xu. eee a W 
CCCP!!! ³ bees O — ë oboku W W 
YIIHño0ol]g. . Loll 89,798 84,164 90,771 W 198 , 482 
Indiana... 8 67,29 86,218 W 145,028 
ü . MAO “cess O ë Seeus W 1, 576 
J 1055.2 E W w W 

Kentucky.................... W WW — W 18,491 
Louisiana W seas. eer W 1,597 
Min umm % ww ë eaaa AW» W 
Maryland. ..................- 25,194 W — W W 
Massachusetts 3,310 VV cee W 8,582 
Michigan..................... 4,511 17,085 137,969 W 160,025 
Minnesota 2,3899 |— W |  »..... —ʃ— W 
Mississippi. .................- M ——3à— item aaa dex3z W 
Missouri. 10, 477 W W W 21,690 
Nebraaka ...--.----------- 1,078 WW — W 1,676 
New Hampshire............... ...-. W^ —— ᷣ ͤ ees W 
New Jere . . . . . . 2,844 6,224 8,137 w 
New Tor 12,445 71,515 W 105,255 

North Carolina.. WW | ...-- W ; 

LGE 92,675 W 89,450 1,264 

Oklahoma. ...........-...-..- 5,738 W 10, 287 
Wo.... 8 705 W CW  ----.TÁ- 1,119 
Pennsylvania................- 66,869 W 21,292 W 157,602 
Rhode Island. ................ W ͤ Bremen W 608 
South Carolina. W: — oss — .$9 ee W 
enness ee 7777 — 1, 854 420 3,011 
J%öͤÜ eae ULU 15,404 W W W 51,992 
Lët, ei etches ees eas W N77 o Lusa ë ad 890 
Virginia... ..----------------- 255 26 W 7 W 
E ER 1,080 | | -— O. | | .-.--- 1,086 2,116 
West Virginia. ...............- 12,034 W . | ...-. W 14,268 
Wisconsin.................... 1,887 w 9,876 W 19, 863 
Undistributed................. 25, 637 68, 955 98,229 130,212 337 , 686 
TOtel l —ñ 478 ,982 176,479 576, 138 136,076 1,362, 675 


W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 


1 Includes brass mills, brass ingot makers, and brass foundries. 
* Includes producers of zinc-base alloy for diecasti 
s Includes slab zinc used in rolled zinc products an 


4 Excludes remelt zinc. 


ngs, stamping dies, and rods. 
Fin zinc oxide. 
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Table 20.—Production and shipments of zinc pigments and compounds 1 in the 


United States 
1968 1969 
Shipments Shipments 
Pigment or Produc- —— nÀ — — a Produc- 
compound tion Value ? tion Value ? 


(short Shortt —— (short Shortꝛoꝛyꝛuwpa — 
tons) tons Total Average tons) tons Total Average 


(thou- r (thou- per 

sands) ton sands) ton 
Zinc oxide 229 ------- 209,963 218,826 $58,944 $276 220,358 219,723 $65,492 $298 
Leaded zinc oxide 2929: 11,125 7,995 2,080 254 4,94 6,956 1,609 281 
Zinc chloride, 50° B 57,914 57,508 W W 47,909 48,909 W W 
Zinc sulf ate. 57,181 659,647 10,357 174 68,482 64,592 12,186 188 


W Withheld to avoid disclosing individual company confidential data. 

1 Excludes lithopone; withheld to avoid disclosing individual company confidential data. 
2 Value at plant, exclusive of container. 

3 Zinc oxide containing 5 percent or more lead is classed as leaded zinc oxide. 

4 Includes zinc chloride equivalent of zinc ammonium chloride and chromated zinc chloride. 


Table 21.—Zinc content of zinc pigments 1 and compounds produced by domestic 
manufactures, by sources 


(Short tons) 
1968 1969 

Zinc in pigments and com- Total Zinc in pigments and com- Total 
Pigment or pounds produced from— zinc in pounds produced from— zinc in 

compound | —————————————————————— pig- — B k—ə əƏ ——F—-— pig- 
Sec- ments Ore Sec- ments 

—— Slab ondary and — — Slab ondary and 

Domes- For- zinc mate- com- Domes- For- zinc mate- com- 
tic eign rial pounds tic eign rial pounds 
Zinc oxide 80,218 23,651 36,541 27,866 167,776 82,648 28,949 41,862 28,115 176,069 


Leaded zinc 
oxide 8,281 3,8888  ..... 7,117 1,705 1,589 ......  ..... 8,244 


Total... 88,449 27,537 86,541 27,866 174,898 84,348 25,488 41,862 28,115 179,313 
W W 14,078 W W 11,632 


Zincchloride?.. .....  ..... „507 ; 
Zinc sulfate.... 38,809 3,955  J..... 10,701 18,465 5,508 5,842 10,897 21,742 


W Withheld to avoid disclosing individual company confidential data. 
1 Excludes zinc sulfide and lithopone; figures withheld to avoid disclosing individual company confidential 


ta. 
3 Includes zine content of zinc ammonium chloride and chromated zinc chloride. 


Table 22.—Distribution of zinc oxide and leaded zinc oxide shipments, by industries 


(Short tons) 
Industry 1965 1966 1967 1968 1969 
Zinc oxide: 
Rubd enn 108,057 104,866 94,388 111,797 115,988 
EWERT 80,249 27,100 24,547 25,864 25,170 
Ceramieg 10,009 12,147 9,850 10,226 9,469 
Chemicals es 11,865 18,678 17,509 22, 769 22, 775 
Agriculture. .......-..--.-------- 977 1,559 5,048 5,044 4,007 
Photocopying...................- W 11,405 14,089 21,564 27, 566 
Floor covering. .................- 863 W W 
ö; ꝛ!ſ. ees iu lee 30, 550 22, 910 16, 105 16,562 14,748 
/ ³ĩ˙—w t etana G 186,570 193,665 181,486 218,826 219,728 
Leaded zinc oxide: | 
Paints EE 10,951 10,462 8,644 6,856 4,905 
ieee, . EE 
Other and unspecified. .-........ 899 1,095 1,662 1,639 2,051 
Total. u ulus c dull iL dise 11,850 11,557 10,806 7,995 6,956 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 
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Table 23.—Distribution of zinc sulfate shipments, by industries 


(Short tons) 
T Rayon Agriculture Other Total 
ear — — —— T — — —AƏ_N_—üB üÑaa£—— 

Gross Dry Gross Gross Dry Gross 

weight basis weight lub weight basis weight banks 
1965. ........... 21,204 18,886 14,831 12,449 15,009 10,637 50, 544 41,972 
1966... 88 18,659 16,562 19,384 16,891 18,705 9,372 51,698 42, 825 
19677 W W 17,156 14,808 81,644 24,742 48,800 89,545 
1968............ W W 20,472 17,681 89,748 86,470 60,220 54,101 
1969__........ W W 19,029 16,424 45,245 88,580 64,274 50,004 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 


Table 24.—Stocks of zinc-reduction plants in the United States, Dec. 31 


(Short tons) 
1965 1966 1967 1968 1969 
At primary reduction plants 27,685 68,626 81,807 r 64,695 66,777 
At secondary distilling plants 987 1,172 609 684 885 
WK BE 28,622 64,798 81,916 r 65,879 67,662 


Table 25.—Consumers stocks of slab zinc at plants, Dec. 31, by grades 


(Short tons) 
Date Special High Inter- Brass Prime Remelt Total 
highgrade grade mediate special western 
Dec. 31, 19689888 48,114 6,585 440 4,511 41,926 242 r 101,818 
Dec. 31, 1969_____...... . . 89,069 7,993 552 8,643 44,035 200 100,492 
* Revised. 


Table 26.—Average monthly quoted prices of 60-percent-zinc concentrate at Joplin, 
and common zinc (prompt delivery or spot), East St. Louis and London 1 


1968 1969 
60-percent- Metallic zinc 60-percent- Metallic zinc 
Month zinc con- (cents per pound) zinc con- (cents per pound) 
centrates — centrates —  —TA 
in the Jop- East St. London: in the Jop- East St. London? 
lin region Louis lin region Louis 
(per ton) (per ton) 
January ..............- $84.00 13.50 12.08 $87.00 18.84 12.19 
Februar 84. 00 13. 50 11.88 88. 00 14. 00 12.10 
March ...............- 84 13.50 11.67 88.00 14.00 12.27 
Fl! AAA 84. 00 13. 50 11. 68 89. 00 14.02 12.35 
/ coru Eu 84.00 13.50 11.77 92.00 14.50 12.62 
June 84.00 13.50 11.75 92.00 14.50 12.78 
7 Rb REGES 84.00 18.50 12.03 92.00 14.50 12.84 
gust ; 84.00 13.50 12.17 92.00 14.50 18.17 
September ____._.. 84.00 13.50 11.90 96.00 15.38 18.42 
October 84. 00 13. 50 11.83 100.00 15.50 13.53 
November! 84.00 13.50 11.95 100.00 15.50 14.01 
December 84. 00 13. 50 12. 06 100. 00 15. 50 14.04 
Average for year.. 84.00 13.50 11.89 93.00 14.65 12.96 


1 Joplin: Metal Statistics, 1970. East St. Louis: Metal Statistics, 1970. London: Metals Week. 
2 Conversion of English quotations into U.S. money based on average rates of exchange recorded by Federal 
[or ds Board. Average of daily mean of bid and asked quotations at morning session of London Metal 
nge. 
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Table 27.—U.S. exports of slab and sheet zinc, by countries 


1967 1968 1969 
Destination 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
Slabs, pigs, and blocks: 
Australia. 1 31 20 $6 
e 188 So). ae ee aene 
ee RAE 1,198 580 826 165 670 191 
nsr... ee ee 142 59 180 46 69 22 
Colombia 98 80 5 2 2 1 
Germany, West 451 118 2 17 8 
Et TEE 13,724 8,122 82,345 9,507 8,409 2,387 
be REENEN d ——— Lew ll 
ASSO REESEN SE 
Mere 6 4 1 h 
Netherland z. 2 1 2 1 
Philippines 350 105 122 35 5 8 
IUS SEDE 25 ID Sesa aa eag: Se 
e 42 24 23 ll — ui CCC 
Turkey 357 7 ³˙¹ --- ˙ ms 3 
Venezuela. ana 148 81 7 4 26 9 
Vietnam, South. ........... 67 24. daea ¹ĩ¹ ẽi e Ne 
041,75 PR 18 9 80 15 78 84 
Total. us su ls O Sul. 16,809 4,287 88,011 9,797 9,298 2,612 
Sheets, pistes, strips, or other 
orms, n.e.c.: 
Argentina 42 34 88 82 22 20 
Australia 24 22 32 26 1 2 
Brazil... ess q 20 18 7 6 
Canada. 3. o .. . . . . . . . 1,984 1,528 1,976 1,414 1,188 909 
Sfr Q pQ: 51 85 27 27 21 
Colombia 34 34 69 64 18 15 
Denmark... 34 30 12 10 2 2 
Germany, West 18 18 115 84 27 20 
I. 2 enese eer 1 1 961 164 
l 89 80 86 26 5 4 
Mexico.................... 82 45 17 18 14 18 
New Zealand 48 88 7 7 7 5 
Pakistan... . 20202  ----- 177 90 779 346 
PR Des 77 7 9 7 1 1 
South Africa, Republic of. 118 98 87 76 1 1 
Tawa n 3 5 47 34 88 22 
Venezuela................. 118 127 108 94 81 81 
Other... cese ere 1,048 641 267 200 184 114 
c 22222 29 su 8,565 2,709 8,048 2,228 2,714 1,746 
Table 28.—U.S. exports of zinc by classes 
Slabs, pigs, or Sheets, plates, strips, Zinc scrap and dross Semifabricated 
Y blocks or other forms, n.e.c. (zinc content) forms, n.e.c. 
ear FFT 
Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
1967. 16,809 $4,287 8,565 32, 709 1,665 $530 2,161 $1,177 
1968............ 88,011 9,797 8,048 2,228 2,298 886 15, 000 3, 840 
1999. 9, 298 2,612 2,714 1,746 1,989 716 28,810 6,321 


mom 
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Table 29.—U.S. exports of zinc pigments 


1968 1969 
Kind 
Short Value Short ue 
tons (thousands) tons thousands) 
Zinc oxide... oo AAA . . . l... 8,640 $1,202 8,779 $1,841 
Lithopone. .........................- ; 1,086 
TOM WEE 4,940 1,488 4,865 1,641 
Table 30.—U.S. imports of zinc, by countries 
1967 1968 1969 
Country Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
ORES 
r PEENE ENE E E E 9,264 jj! A AaS 
A, 88 701 2,267 $410 2,940 $628 
ff EH 9,576 1,450 * 6,011 r 1,004 2, 84 
Canad JJ ————— — j wl 42, Ger 810,586 46,626 867,529 54,218 
Germany, West ee 6,248 941 5,942 81 ` uu.  ----- 
Guatemala )J%%ͤͥͤ ⁵ĩði dd EE  . memes 
Honduras 9.727 1,862 12, 959 1,759 15,272 2,188 
C %é«́Ö0ů D 119, 135 18,889 142,818 16,852 148,747 17, 001 
/%ͤ» A AAA 8 ; 15,7 ,42 ; 614 
In usa e E E ͤ y a e vaeSDa 8,818 IJ ——— ez 
) K NEES 69,857 9,646 ,899 6,071 57,087 8,591 
South Africa, Republic of ,419 1,686 4,28 648 6,52 866 
7. 8 1.618 21 E E 8 1 
Hinc eer 584,092 74,010 1 548,866 175, 604 602, 120 84,560 
LEE 
35 arion Anue 66 149 
1,703 19,915 4,627 84,287 8,896 
8,99 4,080 16,861 4,226 
21,784 118,701 80,489 162,947 40,226 
7 ; 1, 4,801 1,282 
259  Á— AA 2 1 
10,488 45, 785 11,115 52, 502 18,289 
; I 4, 12,092 2,642 
1,098 267 1,256 801 
961 6,272 1,555 4,481 1,206 
8,878 |, 129 18,655 80,204 8,201 
%%% ᷣ cct 1,874 447 
2,607 9,454 2,366 9,496 2,498 
2,877 80] esas, — — 
251 , 898 1,086 274 
110  -- .--- 885 
124 211 68 8,817 968 
825 1,404 845 2,807 654 


67,602 806,640 76,006 829,008 85,288 
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Table 31.—U.S. imports for consumption of zinc, by countries 


1967 1968 1969 
Country Short Value Short Value Short Value 
: tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
ORES 
RT, 2o , e 9,264 $1,258 727 3122 —— 39 
All stansen 33 8 1,286 285 4,887 $700 
in . dE 8 r 8,619 r 1,455 9,407 1,489 
/A eee 214,854 88,584 301, 306 44,459 326, 929 48, 552 
F ˙⁰AA . u Su see 12 ; 
Germany, West. _.. 24 % AA 3,701 58 
Honduras 1,612 268 6,581 925 11,517 1,614 
Mexico e TP M NER 8 , 658 9,228 101,554 11,204 141,720 16,086 
Morocco.. --------------------- 3,318 414 15,675 1,897 8,848 
Ne etherlands Turo Eme 8,818 418: 24:65 Gepe 
aseene 45,274 6,074 40,287 7,868 54,925 8,591 
South Africa, Republic of i 1,845 5,466 1,959 421 
Sweden... lescuosQescacsemecd ere Secu NP „ 65 
e Ioau eae ure aasa a 59 25 13 2 223 30 
TOUtal E 481,819 58,075 7484,808 768,971 565,284 79,242 
BLOCKS, PIGS, OR SLABS 
Angola. ...... ) 0 pei. feta 661 149 
WE uuu nr oo ĩ EE 7,187 1,708 19,915 4,627 84,287 8,896 
Belgium- Luxembourg 15,989 4,016 16, 611 4,109 16, 361 : 
ann,. ei ec ee 80,482 21,791 118,701 80,489 151,895 40 ,042 
Congo (Kinshasa) 2,921 8,146 1,850 4,80 ,28 
rmany, Wet 209 J— AAA 
JEDE. (8 41,621 10,488 45,795 11,115 52,502 13,289 
Mexico Ee 18,678 4,885 19,084 4,150 12,092 : 
Mozambique........................- 1,3 0 ,098 7 1,256 801 
OFWRY $266. // J meu , 158 951 6,272 1,555 4,481 1,206 
)07)öÜÜ !!!! ß NDDEEN 8,878 58,729 18,655 80,204 8,201 
PONG EE 9,870 i 9,454 2,86 9,495 2,498 
Portuguese West Afen...  ...-. ũ? |» ^ 1... ee 1,874 
At EEN 2,094 564 2,877 61 — 3)... — i 
United Kingdom 1.145 250 3.398 808 1.086 274 
Vugosla via 4 10 98 
OË 505 124 277 63 8,799 949 
GG§ôðũ A EE 1,987 827 1,404 845 2,718 651 
Pf E E E A 222 ,002 57,581 806,651 76,085 827,849 85,097 
r Revised. 
Table 32.—U.S. imports for consumption of zinc, by classes 
Ore (zinc content) Blocks, pigs, and slabs Sheets, plates, strips, 
and other forms 
Year —— T — — — ——ẽ —ͤ — 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
1967. 8 431,319 358, 075 222, 002 $57,531 648 $276 
19899... r 484,808 r 68,971 306, 651 76, 035 754 290 
1989...... u: 565, 284 79, 242 327, 849 85,097 966 418 
Old and worn out Dross and skimmings Zine dust E 
— — — ——ä—äũͤ—ͤ— ' . — —sPo — value 
Short Value Short Value Short Value (thousands) 
tons (thousands) tons (thousands) tons (thousands) 
1967; lee 1,465 $240 2,498 $433 3,771 $1, 211 $117, 766 
1968.............- 878 119 581 68 8,100 2,448 147,921 
196899. 1,770 255 716 67 8,251 2, ' 652 167. 731 
r Revised. 


$51 7 a MHo, manufactures of zinc were imported as follows: 1967—$318,287; 1968—$446,555; 1969— 
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Table 33.—U.S. imports for consumption of zinc pigments and compounds 


1968 | 1969 
Kind 
Short Value Short Value 
tons (thousands) tons (thousands) 
Zinc arsenate.......---.------------, | 2 36 | |  ..... 
Zinc oxide 15,551 8,072 14,565 $8,059 
Zine sulfide.........................- 17 1 
Lithopone 246 8 40 
Zinc chloride : 412 1,867 
c Ati o E Sut uoc tee 2,196 285 6,286 675 
Zine cyanide........................- 66 88 
Zine compounds, n.s.p.f. .............. 154 148 610 267 
gv) EE 20,888 4,152 28,518 4,476 


Table 84.—World mine production of zinc (content of ore), by countries 


(Short tons) 
Country ! 1967 1968 1969 » 
North America: | 
e TT, TE 1,248,977 1, 273, 260 1,816,416 
Guatemala (exportsᷣ ll. l c.l... 478 | | | ....- 1,026 
Hi occ oe A RC EL 14,425 16,295 17,644 
M eech Ee 265,894 264,578 | 279, 298 
United States (recoverableꝛꝛꝛ 549, 418 529, 446 553, 124 
South America: | l 
TT EEN 29,987 28,975 e 84,900 
E TEEN 18,468 12,871 28,875 
rr :::.... ĩↄͤ aN 1,288 1,888 1,629 
o eee ote = 560 700 
TR, TEE 177 126 
Pen: u op amuta oc usu kRM Sas ma Os Eu 885,988 821,218 846 ,954 
(ef? EEN 12,802 18,955 15,690 
j ⁰⁵¼⁰ ĩð 8 75, 100 e 77,200 e 70,000 
Czechoslovakia 8, 0,885 e 11,000 
Winland WEE 67,020 72,100 . 78,471 
France -consens oA EE 27,188 24,080 21,826 
Germany: 
WOMB TEEN 1 18,000 
CT EE 117,228 121,472 121,923 
iii 11, 11, 10,158 
F ÜÜ˙ſ ³¹i¹q ³⁰¹¹w- mr seed hus r 89, 700 i 115,748 
nh EE 137,460 154,100 146,081 
Norway EE 18,417 18,052 2,561 
Poland ! EE , 600 182, ,000 
F /ê⁶ ’ ꝙͤVö;..x. EH, 560 r 1,712 
e p aS r 68 , 797 82, 280 89 ,066 
eh EE r 90,192 89,618 99,818 
NS Se ucu ß ees 595,000 000 72, 000 
béo lu MEN 226 105, 242 e 102,000 
Africa 
P AUC) D uM ⅛ð Z MODERNER r 8,980 e 23,900 e 24,500 
Congo (Brazzaville) 1,020 1,024 992 
Congo (Kinshasa) 188,982 189,474 e 140,500 
B ] ].. ³ ß 8 50, 178 85,082 7,943 
South-West Africa, Territory of «.................- 44,000 66,000 17,000 
Tunis... -2:-2 u m y ak y ee 4,577 5,675 e 5,800 
TN TEE 49,476 59, 55,667 
M 
PUN ROUES RUPEE RT OS r 5,200 5,200 5,400 
Chins, mainland JJ ˙ A 100, 000 110, 000 110, 000 
EE EH 5,808 7,680 9,629 
ee EE EE 26, 27, 500 24,800 
JEDER oe ů œ ³ ² add ose gend dee 886 289, 554 291,989 297, 488 
Korea 
AT d RE 125,000 180, 188,000 
J susu apiu ou assume 15,045 21,819 24,941 
ru ast.” MP AA ³ĩðV5ſ 88 1,706 2,472 8,622 
ved (in ore) èl... oe Ried e edere E 1,500 1,200 800 
EE INASRE m RTE OT aan SERERE 4,066 5, 877 7,506 
dinis) Australia JJ y ĩð K HEMOS 448, 591 465, 604 556,253 
ih) E GE r 5,830,400 5,509,882 5, 864, 751 


* Estimate. P Preliminary. r Revised. 

1 Czechoslovakia produces concentrate for export, and Brazil, Hungary, Rumania, and North Vietnam also 
produce zinc, but data are not available. 

2 Year ended Man 20 of year following that stated. 

s Totals are of listed figures only. 
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Table 85.—World smelter production of zinc, by countries 


1 North. Vietnam, and Rumania also produce zinc, but production data are not available. 


2 Includes production from ech sasa scrap. 
s 'Totals are of listed figures only. 


(Short tons) 
Country ! 1967 1968 1969 » 
North America 
e ß ß EEE A r 405,867 426,982 466,850 
EE 78,111 88,227 88,477 
United S ðͤx E EE 988,830 1,020,891 1, 040, 697 
South America 
Argentina 5 ⁰˙ AAA AAA C——À 25,400 23,100 27,100 
Brasil dereen 1,975 8,866 e 6,000 
POP eis et ce 7⅛˙ꝶm ĩð y ⁊ y r 67, 967 72, 519 68, 649 
Europe. 
ustiá EE 15,605 16,859 17,121 
Belgium DEEN 250,586 280,817 288,859 
UI ²ꝙ”ð] ũ - — —— —— a 81, , 800 e 85,200 
IA uc aaa ⁊ͤ kd d ̃ẽ d veiut 1, 195 
NOG MEME ³W ⁰yt 204, 686 228, 700 280, 500 
Germany: 
( ]]à CT 5, 000 15, 000 15, 000 
%õ³·Ü xxx.; esed s Ted cesso 118,155 184,978 240,487 
Italy 22 Se es eee K ieee EE 98,134 128,761 148,654 
Netherlands. .......................-........... r 48,000 46,800 52,000 
NOPWAS 2 L ß ß DE 60,408 66,260 64,910 
fr EE , 228 ,000 228, 700 
Spain. NIHU o EC haa aka COPS 77,610 83, 100 8, 5 
e primary Ore see FIRE 8 r 595,000 634,000 672,000 
United Kingdom. ................. 377 114,971 157, 498 166,441 
Yugoslavia ð 58,630 87,058 89,852 
Africa: | 
South Afric (TTT GE 67,788 68,975 70,252 
Sou 3 Republic ol ll .. ll... , 845 
nom EE 49,085 58,575 55,286 
"China, mainland (refined) e... 88,000 100,000 100,000 
CCJ§öÜ˙Äö.Uöbꝛ D 8 8,850 22,817 26,710 
Japan. u EE 569, 088 667 ,510 785,051 
orea: 
North SE 88,000 88,000 66,000 
Ee S oh ote E 2, 809 2, 705 2, 546 
Oceania: Australia H 22 LL LL LLL LL Lll... 217,809 229 , 691 271,525 
Total. r 4,547,754 5,058,329 5. 519, 820 
e Estimate. p Preliminary. r Revised. 


Zirconium and Hafnium 


By Donald E. Eilertsen 1 


Domestic zircon production was slightly 
smaller in 1969 than in 1968, but imports, 
exports, and estimated consumption broke 
all previous records. Outputs of zirconium 
sponge metal and zirconium- bearing refrac- 
tories increased substantially over those of 
1968. 

Legislation and Government Programs. 
—The Statistical Supplement to the Stock- 
pile Report to the Congress showed the 
following excess materials on hand at year- 
end: 16,514 short tons of baddeleyite min- 
eral concentrate, 1.720 tons of zircon, and 
1 ton of zirconium metal powder. The U.S. 
Atomic Energy Commission (AEC) had 
yearend inventories of approximately 1,050 
tons of zirconium sponge, 200 tons of Zir- 
caloy, and 40 tons of hafnium crystal bar. 


Table 1.—Salient zirconium statistics 
in the United States 


(Short tons) 
Product 1968 1969 
Zircon 

Production W 
Exports 2,026 5,895 
Imports 59, 900 95,414 
Consumption e........ 148,000 160,000 
Stocks, yearend, deal- 


ers and consumers 1. 46, 000 52, 000 


Zirconium oxide: 


Production 2 8,864 5,702 
Producers’ stocks, year- 
end?.............. 1,077 1,005 
e Estimate. W Withheld to avoid disclosing in- 


dividual company confidential data. 
1 Excludes foundries. 


3 2 Excludes oxide produced by zirconium metal pro- 


ucers. 


DOMESTIC PRODUCTION 


Zircon was produced as a byproduct dur- 
ing the recovery of titanium-mineral-bear- 
ing sands at the Trail Ridge dredging and 
milling facilities of E. I. du Pont de 
Nemours & Co., Inc., near Starke, Fla., and 
by Humphreys Mining Co., for Du Pont, 
near Folkston, Ga. Zircon output was ap- 
proximately at the same level as in 1968; 
the figure is being withheld from publica- 
tion to avoid disclosing company confiden- 
tial data. 

Statistical data on the production of zir- 
conium sponge, ingot, and scrap and on 
hafnium sponge and oxide are also with- 
held from publication to avoid disclosure 
of company confidential data. Zirconium 
powder and alloy productions were respec- 
tively 91 and 3,511 tons. Output of zircon- 
ium sponge metal increased substantially 
over that of 1968. | 


Four firms produced 44,800 tons of 
milled (ground) zircon, an increase of 1.6 


percent over 1968 production. Production 
of zirconium oxide by four companies, ex- 
cluding that produced by the producers of 
metal, totaled 5,702 tons. Production 
of zirconium-bearing refractories totaled 
31,200 tons, an increase of almost 25 per- 
cent over that of 1968. Hafnium crystal 
bar output totaled 28 tons compared with 
25 tons in 1968. 


Zirconium Technology Corp., frequently 
known as Zirtech, announced the comple- 
tion of a new modern $1.7 million plant 
at Albany, Oreg. The facility will produce 
precision tubing and bar products from 
special metals and alloys, the latter includ- 
ing zirconium alloy tubing for use in nu- 
clear reactors.2 


1 Physical scientist, Intermountain Field Opera- 
tions Center, Denver, Colo. 

2 American Metal Market. Zirconium Technology 
Completes Modern Precision Tubing Plant. V. 
76, No. 238, Dec. 17, 1969, pp. 14, 24. 
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Table 2.—Producers of zirconium and hafnium materials, 1969 


Company Location Materials 
ZIRCONIUM MATERIALS 

Amax 5 Metals, Ine Akron, N. y... Ingot. 

JJ ]ð́Z “he 8 Parkersburg, W. Va...... Sponge metal. 

The Carborundum CO ot Se eos Falconer, N. Refractories. 

GEN Refractories Co... Buckhannon, W. Va Do. 
EE SN N.Y- Do. 
Ee Louisville, Ku Do. 

Foote Mineral CO ERE ORE Cambridge, Ohio. ........ Alloys 

1% ³Üw¹i ³ A ⁊ͤ d Exton, Pa. .............- Metal powder. 

A.P. Green Refractories Co., Remmey Division... Philadelphia, Pa.......... Refractories. 

Harbison-Walker Refractories Co. __-------__ Mount Union, Pa.. Do. 

ae | Aluminum, Ine Torrance, Cat Ingot. 

Chemicals, Ine. Andrews, S.C. .........-- Milled zircon. 
National Lead Co., Titanium Alloy Manufacturing 
Div. (TAM) ß eaaa Niagara Falls, NY Milled zircon, chloride, ox- 
ide, other compounds, 
powder, alloys, refrac- 
tories. 
ee, ß aeee aa aani Huntsville, Ala. Oxide. 
Ohio Ferro-Alloys Cor; Brilliant, Ohioo Alloys. 


Frank Samuel & Co., Ine ------------- 
Tizon Chemical Corp „jj ͤ (k» 
The eres Taylor Sons Co -------------—- 

FCC JJ uu as usa a 


Camden, CCC 
Flemington, N. J. 
Cincinnati, Ohio 
South Shore, K) 


Milled zircon. 
Oxide, other compounds. 
EES 


o. 
Various compounds, ce- 


Transelco, Innnee Dresden, N. yy 
ramics, alloys. 
Union Carbide Corp. ........................- Alloy, W. Va., and Niagara 
Falls, N.Y.._---------- Alloys. 
Ventron Cord Beverly, Mass Do. 
Wah Chang Albany COPD EEN Albany, Oreg. ..........- Oxide, chloride, sponge 
metal, ingot, powder. 
Walsh Refractories Cord St. Louis, Moo Refractories. 
Zirconium Corp. of America Cleveland, Ohio. ......... Oxide and refractories. 
Continental Mineral Processing Cor Sharonville, Ohio Milled zircon. 


HAFNIUM MATERIALS 


Amax x Specialty Metals, Ine --------------- Akron, N.Y.............- Sponge metal, crystal bar. 
ee ß re ee us Parkersburg, W. Va...... Oxide. 
Nuclear Materials & Equipment Corp Leechburg, Pf ` Crystal bar. 


Wah Chang Albany Corp 


Albany, Oreg...........- 


Oxide, sponge metal, crys- 
tal bar, ingot. 


CONSUMPTION AND USES 


Zircon has many uses such as foundry 
sand (largest), refractories and as raw ma- 
terial for producing zirconium and haf- 
nium metals, alloys, compounds, and zircon 
mineral products. Consumption of zircon 
concentrate and milled zircon is roughly 
estimated at 160,000 tons—117,000 tons as 
foundry sahd, 25,000 tons for refractories, 
and 18,000 tons for other usage. 

Preliminary Bureau of Census figures for 
1969 show that shipments of zircon refrac- 
tories and zirconia brick and shapes to- 
taled 2.1 million brick valued at $6.6 mil- 
lion expressed in terms of equivalent 
9-inch bricks. This compared to 1.7 million 
bricks valued at $5.5 million in 1968.3 

Dealers and other firms indicated that 
they shipped milled zircon and concentrate 
to the following markets in 1969: Foundry 
use 63,400 tons, refractories and ceramics 
51,200 tons, and metal, alloys, compounds, 
and other uses 5,900 tons. Zirconium metal 


is used in nuclear reactors, camera flash 
bulbs, and as construction materials for 
chemical plants to resist corrosion. 

A 1,000-megawatt nuclear powerplant 
has more than 100 miles of zirconium 
alloy tubing to contain the uranium oxide 
fuel that powers the reactor, and an addi- 
tional 25 miles of this tubing is used an- 
nually to refuel such a plant. The AEC es- 
timated that the installed nuclear 
generating capacity in the United States 
will reach 150,000 megawatts by 1980, the 
equivalent of 150 plants of 1,000-megawatt 
size.4 


3 U.S. Department of Commerce, Bureau of the 
Census. Current Industrial Reports. R 
First Quarter 1969, Series MQ-32C(69)-1 57695 
1969; Second Quarter 1969, Series MQ-32C(6 9)-2 
Sept. 18, 1969; Third Quarter 1969, Series MQ- 
39C(69)—3, Dec. 29, 1969; Fourth Quarter 1969, 
Series MQ-32C(69)-4, Apr. 3, 1969. Each report 


2 pp. 
1968. Series 


Refractories. Sum mary for 
MQ-32C(68)-5, Aug. 20, 1969, 6 pp. 
* Work cited in footnote 2. 


ZIRCONIUM AND HAFNIUM 


Zirconium compounds have uses in re- 
fractories, glazes, enamels, and polishing 
material for optical glass. 

Hafnium metal, alloys, and compounds 
continued to have few uses. The metal was 
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actors and in alloys for making high-tem- 
perature and high-strength special struc- 
tural parts; compounds were used in 
insulators and cutting tools. Some uses for 
hafnium were similar to those developed 


used in control rods for special nuclear re- for zirconium. 


STOCKS 
Table 3.—Yearend stocks of zirconium and hafnium materials 
(Short tons) 
Yearend Yearend 
Item 968 969 
Zircon concentrate held by dealers and consumers, excluding foundries. ...... r 39,700 45,000 
Milled zircon held by dealers and consumers, excluding foundries 6,400 6,700 
Zirconium: 
RE EE r1,716 1,885 
TEE 241 488 
l! ⁰yd A C DEM EE r 158 241 
4g QC be ewe tec See ͥͥ⁰⁰⁰ ⁰ ⁰⁰⁰yd ²⁰t MOM r 660 575 
J))! ⁵ĩͤù-„ d ... 8 5 W 
I/ ⁰ ⁰ DS ce ⁵⁰⁰ d 8 r 980 635 
h uu ll l ⅛⁰˙-ͥ EEN r 8,217 8,602 
Hafnium: 
Oxide..................- douce cut DL Ded M UU i nA aD aS W 218 
M ³¹¹¹]¹˙² 5m mae. -m. ⁰0r: ⁊ð ß y i z p usa 32 31 
F)) ͥͥ ae Su solui ß Su Sa Sura 5 5 
r Revised. W Withheld to avoid disclosing individual company confidential data. 


PRICES 


Published prices of zircon, zirconium hafnium metals were steady throughout 
oxide, hydride, and various forms of the year. 
wrought and unwrought zirconium and 


Table 4.—Published prices of zirconium and hafnium materials, 1969 


Specification of material Price 

Zircon: 

Domestic, f.o.b. Starke, Fla., bags, per short ton ..... 2.2 222 LLL LLL eee $56-57 

Imported sand containing 65 percent ZrO», c.i.f. Atlantic ports, in bags, per long ton 1. 70 

Domestic, granular, 1- to 5-ton lots, from works, in bags, per pound 2. ...................- 04875 

Domestic, milled, 1- to 5-ton lots, from works, in bags, per pound ...................... .055 
Zirconium oxide: ? 

Chemically pure white ground, barrels or bags, works per pound 1.50 

Milled, bags. 5-ton lots, from works, per pound. .......................... Ll l.l lll l.l-- . 645 

Glass-polishing grade, 100 pound bags, 94-97 percent ZrO:, works, per Dound. .92 

Opacifier grade, 100 pound bags, 85-90 percent ZrO», per pound.......................... .41 

Stabilizer oxide, 100 pound bags, 91 percent ZrO;, milled, per pound... .................... 0. 75-0. 85 
Zirconium hydride: ? 

Electronic grade, powder, drums, from works, per pound.. .............................- 14.50-16 
Zirconium: ? 

Powder, per pound... ß ß ete M Lu EE ME 12-18 

Sponge, per t D—————Á——— E — 5.50-7 

Sheets, strip, bars, per pound... Lc LLL cL LLL LLL LLL LLL LLL Lll eee eee 13-16 
Hafnium: š 

Sponge, pèr POUNG EE 75 

Bar and plate, rolled, per pound_____ A eee eee 120 


1 Metals Week. V. 40, Nos. 1-52, January-December 1969. 
ie Paint and Drug Reporter. V. 195, Nos. 1-26, January-June 1969; v. 196, Nos. 1-26, July-December 


s American Metal Market. V. 76, Nos. 148-247, Aug. 7-Dec. 81, 1969. 
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FOREIGN TRADE 


Exports of zirconium ores and concen- Imports for consumptiom of zircon, 92 
trates totaled 5,395 short tons valued at percent from Australia, smashed the pre- 
$589,840 and were made to 13 countries. vious record of 1968 by 59 percent. The 
The three major recipients were Canada, average value of imported zircon at foreign 
75 percent; Mexico, 10 percent; and Italy, ports was $40.43 per short ton compared 


6 percent. with $33.62 per ton a year ago. 
Table 5.—U.S. exports of zirconium- Table 6.—Imports of zirconium and 
bearing products, 1969 hafnium materials, 1969 
Destination Pounds Value Country Pounds Value 
Zirconium: Wrought zirconium: 
Australia nudius 8,678 $9 , 482 NCOs os sc ulus 10,567 $86,991 
Germany, West 8,648 98,848 Sunan, West 10, 236 12, 060 
Indias... ĩðͤK eel 9,986 240,658 Japan 90 ; 
(A AE 1,404 60,176 Netherlands 3 121 2,785 
Japan 42,124 862,502 Sweden............... 78 1,144 
ra lU oc ee cssc se Es „876 
L22222 8 1. 170 12, 870 C cose cess 21,087 104,078 
South Africa, Republic of 5 1,320 
Spa 3 ͤ 2 1,876 Zirconium waste and scrap: 
ai wan 144 2,750 Canada 9, 865 3,611 
WWW. ͤ ZS 232 220 2,472 France EE 425,515 1,902,196 
rr ce RS 82,26 127 , 461 
Total. e AA 68,808 789,330 United Kingdom....... „432 3,088 
Wrought zirconium and zircon- Total. 2 coos 474,078 2,036,856 
ium alloys: e — 
Belgium 1,002 86,584 Unwrought zirconium alloys: 
Brazil- eet 156 1,104 Germany, West 1,282 11,178 
Canada . . . ------------ 525,752 9,018,202 United Kingdom....... 9,250 1,928 
AK. 33 E 176 12,0 — — 
S S —Ó aasma 1,184 15,848 Total. ol 2 2: 4,532 12,506 
N eege 5 3,41 22, 080 
Greng, -2 .-- 892 ; Zirconium oxide: 
Sweden.................. 19,402 396, 852 France............... 500 2,000 
United Kingdom.......... 52,188 849, 694 Germany, West 3,077 2,918 
— TV Switzerland 8 456 
TOU. uu sz uu. Qy 604,164 9,878,578 United Kingdom....... 273, 146 110, 132 
9 Waste and scrap: geg 98 Total.....-.--------- 276,726 115,501 
3 0 
Brazil. 61777. oie PE 5,680 23,100 Other zirconium compounds: 
Canada 2,742 12, 286 Germany, West 8,800 55, 817 
France. ................- 72,766 374,878 Japan. 120,000 10,775 
Germany, West 29,014 207 , 766 Netherlands 353 22 474 
ée? EE 2,200 18,068 United Kingdom....... 1,457,652 445, 455 
GC EE 12,446 67,120 — — 
Netherlands 3 4,340 19,812 ell! 1. 585, 974 512, 521 
Switzerland. ............- 2,048 9,176 € 
Taiwan 1. 500 14, 800 Unwrought hafnium: 
United Kingdom —- - 81, 588 416, 820 Germany, West.. 29 8,050 
—IATy PU oe cec ee uA 412 10,516 
TOC u u L. Z LoL SS 214,452 1,159,806 


TOU BEE 441 18,566 
Wrought hafnium: Canada.. 6 450 


Table 7.—U.S. imports for consumption of zircon, by countries 


1967 1968 1969 

Country —— n I — Tp ———r— T 
Short Value Short Value Short Value 

tons (thousands) tons (thousands) tons (thousands) 
Australia 57, 908 $1,873 58,812 $1,963 87,748 $3,510 
Canada 1 1,111 13 904 85 8,818 93 
French ACC Islands. lu. ˙ ůvůmm⁊ꝛ dadea? 8 8,958 60 
Malaysia...........-....-..- 56 SE E 112 8 
South 2 Africa, Republic of. 28 8 883 192 
Syrian Arab Republic......... 228 8 45 „„ 
nited Kingdom iii 2 111 5b „ 
Total... ....---------- 59,308 1,891 59,900 2,014 95,414 8,858 


1 Believed to be country of shipment rather than country of origin. 
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WORLD REVIEW 


Australia.—Associated Minerals Consoli- 
dated Ltd. began operating what is be- 
lieved to be the world's largest mobile, 
mineral-sands concentrating plant on South 
Stradbroke Island off the eastern Austra- 
lian coast. The floating dredge and min- 
eral beneficiation complex was designed to 
mine zircon, rutile, ilmenite, and monazite 
from beach sands of the low. swampy, 
windswept, uninhabited island. The depos- 
its are part of approximately 1,000 miles 
of coastline on which the Australian min- 
eral sand industry is based. The mobile 
concentrating plant is capable of treating 
1,500 tons (1,200 cubic yards) of sand per 
hour as it dredges its way forward and 
pumps tailings out behind and takes its 
small pond along with it. The treated con- 
centrates are pumped ashore into storage 
for shipment to the mainland separator.5 

A modified, German-made, bucket-wheel 
excavator will be used by Associated Min- 
erals Consolidated Ltd. to mine zircon and 
rutile from beach sand on the northern 
coast of New South Wales s 

Greenland.—Zirconium occurs in depos- 
its at Narssaq in southern Greenland. The 
Danish Sulphuric Acid and Superphos- 
phate Factory has been testing the ores, 
which seem to be abundant, but economic 
exploitation is still undetermined. The 
rock, composed of layers of kakortokite 


and eudialyte, contains about 2 to 3 per- 
cent zirconium oxide and some rare-earth 
minerals.7 

Uruguay.—The Government recently au- 
thorized the formation of an Uruguayan- 
foreign firm to exploit and process black 
sands located on the Atlantic coast at 
Aguas Dulces. The deposit, prospected and 
tested since 1950, has an average thickness 
of 6 meters, extends along the coast for 12 
kilometers, and contains 3 million metric 
tons of heavy minerals with an average 
2.5-percent concentration. The heavy min- 
erals contain 5 percent zircon, 60 percent 
ilmenite. 1 percent rutile, and 0.6 percent 
monazite.8 


Table 8.—Free world production of 
zirconium concentrates, by countries 


(Short tons) 
Country 1967 1968 1969 » 
Australia r 317,721 332,956 411, 021 
Brazil. 2,984 3,083 8,874 
Ceylon 130 28 75 
Malagasy Repub- 
CFF 230 x= 

Malaysia (zircon 
exports). .....- 520 1,241 1,562 
Thailand......... 1,687 9,549 276 
United States W W W 
Total 1. r 323,222 340,857 416, 808 


p Preliminary. r Revised. 
W Withheld to avoid disclosing individual company 
confidential data. 

1 Total is of listed figures only. 


TECHNOLOGY 


The Bureau of Mines published several 
scientific reports concerning zirconium and 
hafnium. One pertained to research on 
joining refractory metal compounds to 
each other and to oxide ceramics by a vac- 
uum hot press-diffusion-bonding method. 
Very satisfactory bonds were made of ZrC 
to ZrBz, Zrn to Zrbe, ZrC to ZrN, and of 
Zrc, ZrN, and ZrBz to AL2Os. The bonding 
material for each assembly consisted of 50 
weight-percent each of the two end com- 
pounds. The joint areas of the ZrC, ZrN, 
and ZrB> were stronger and more shock re- 
sistant than the parent materials.? 

Electrical resistivity measurements were 
reported on arc-melted, spin-cast, and hot- 
pressed columbium carbide-carbon and zir- 
conium carbide-carbon materials at ele- 
vated temperatures, and the results were 
compared with work previously done on 


these materials and with hafnium carbide- 
carbon.10 

Studies were conducted on hafnium-iri- 
dium phase relations by metallography, 
thermal analysis, electron-beam micro- 
probe, and X-ray diffraction. Melting tem- 
perature, mode of formation, crystal sys- 
tem, and lattice parameters were deter- 


5 Engineering and Mining Journal. World Larg- 
est Mobile Mineral Sands Concentrator Operating 
in Australia. V. 170, No. 1, January 1969, p. 87. 

s The Mining Journal (London). Bucketwheel 
for Beach Sands. V. 272, No. 6968, Mar. 7, 1969, 
pp. 201-202. 

1 Bureau of Mines. Mineral Trade Notes. V. 66, 
No. 6, June 1969, pp. 32-34. 

8 Pp. 25-26 of work cited in footnote 7. 

? Kelley, John E., Donald H. Sumner, and Hal 
J. Kelly. Joining Refractory Metal Compounds 
by Hot Pressing. BuMines Rept. of Inv. 7225, 
1969, 26 pp. 

10 Paulson, Denton L., and Gene Asai. Electrical 
Resistivity of Hyperstoichiometric Columbium and 
Zirconium Carbide Materials at Elevated Temper- 
atures. BuMines Rept. of Inv. 7289, 1969, 30 pp. 
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mined for Hf,Ir, Hfslrs, Hflr and HfIr3.11 

Investigations on the effect on micro- 
structure on the superconductivity in se- 
lected columbium-hafnium alloys were 
made, and the results were compared with 
those predicted by other scientists on the 
interpretation of high-field superconduc- 
tivity.12 

The oxidation of 99.7- and 99.96-per- 
cent-pure hafnium specimens at various 
temperatures and pressures and in air and 
oxygen atmospheres was studied. The for- 
mation of hafnium oxide under various 
conditions and scaling were evaluated. Ex- 
cessive scaling on the 99.7-percent-pure 
hafnium sample may have been caused by 
oxidation of the metal impurities present. 
Little or no scaling occurred on the high- 
purity specimen.13 

The TaN-ZrBz system was investigated 
to develop improved ceramic materials for 
cutting tools. Densification, phase relations, 
mechanical properties, and wear resistance 
of hot-pressed compositions of TaN-ZrB; 
were examined and evaluated.14 

Twenty-two zirconium alloys were stud- 
ied for corrosion resistance in water at 
360° C and 2,708 psi for periods up to 112 
days. Determinations were made in weight 
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gain and hydrogen content. The alloys in- 
cluded dilute and intermetallic alloys of 
zirconium with vanadium, chromium, 
nickel, iron, tin, and copper; intermediate 
alloys of zirconium with vanadium, chro- 


mium, nickel, iron, and copper; and 
Zircaloy —2 and -4.15 
Comprehensive summaries of recent 


studies on zirconium and hafnium metals, 
alloys, and compounds, containing hundreds 
of references, were published during the 
year.16 


u Copeland, M. IL, and D. Goodrich. The 
Hafnium-Iridium System. J. Less-Common Metals, 
v. 18, No. 4, August 1969, pp. 347-355. 

2 Siemens, R. E., L. L. Oden, and D. K. Dear- 
dorff. Effect of Microstructure on Superconduc- 
tivity in the Columbium-Hafnium System. Bu- 
Mines Rept. of Inv. 7258, 1969, 29 pp. 

13 Vahldiek, F. W. Hafnium II. Oxidation. J. 
Less-Common Metals, v. 19, No. 4, December 1969, 
pp. 305-314. 

M Murata, Yorihiro, and E. Dow Whitney. Den- 
sification and Wear Resistance of Ceramic Systems: 
III. Tantalum Monoitride-Zirconium  Diboride. 
Am. Ceram. Soc., v. 48, No. 7, July 1969, pp. 
698—702. 

4% Gulbransen, E. A., and K. F. Andrew. Oxida- 
tion Studies on Zirconium Alloys in High-Pressure 
Liquid Water at 360° C. J. Electrochem. Soc., v. 
116, No. 5, May 1969, pp. 659—664. 

16 Zr-Hf Newsletter. AMAX Speciality Metals 
Division, American Metal Climax, Inc., Akron, 
N. V., January 1969, 16 pp.: April 1969, 12 pp.; 
July 1969, 16 pp.; and October 1969, 14 pp. 
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ARSENIC ! 


Domestic Production.—Arsenic trioxide 
was produced domestically, as a byproduct, 
only at the Tacoma. Wash., copper smelter 
of American Smelting and Refining Com- 
pany. Source of the arsenic was copper 
ores and concentrates, and speiss, flue dust, 
and sludges from other mineral treatment 
plants that were treated for recovery of ar- 
senic and other metals. Production figures 
cannot be published. Sales were substan- 
tially greater than in 1968. 


Consumption and Uses.—The use pat- 
tern for arsenic was the same as in prior 
years. Approximately 97 percent of the ar- 
senic content of compounds is sold to the 
consumer product manufacturer as arsenic 
trioxide (As203). The remaining 3 percent 
is used as metal for alloying with lead and 
copper. 


Arsenic was used principally for its toxic 
qualities in insecticides and herbicides. 
Lead arsenate, calcium arsenate, sodium 
arsenite, and arsenic containing organic 
compounds were used in formulating pesti- 
cides. Arsenic compounds were used in 
herbicides to control grassy vegetation, in 
cattle and poultry feed to control intesti- 
nal parasites, in wood preservatives and 
dyes. A substantial quantity of arsenic was 
used in glass and enamels as a color modi- 
fier. 


A small but growing market for high- 
purity arsenic is developing in the elec- 
tronics industry, as indicated by imports of 


over 3 tons of this material in 1969 with a 
value of over $40 per pound. 


Because of a change in reporting 
procedures at the U.S. Department of Ag- 
riculture, data on the consumption of ar- 
senic wood preservatives in the United 
States will not be available after 1968. The 
table showing this information in the Min- 
erals Yearbook has been deleted. 


Prices.— The price of refined white arse- 
nic, 99.5 percent, at New York docks, in 
barrels, small lots, was 614 to 634 cents per 
pound throughout the year. Refined white 
arsenic in bulk carload lots at Laredo, 
Tex., was $120 per ton, and crude white 
arsenic was quoted at $94 per ton at Ta- 
coma, Wash. 


The price of arsenic metal in London 
was £518 per long ton, equivalent to 55.6 
cents per pound. 


The yearend price of lead arsenate in 
50-pound bags was 26 to 29 cents per 
pound. Sodium arsenate, 60 percent arsenic 
pentoxide, in 200-pound drums was quoted 
at 30 cents per pound; and sodium arse- 
nite, 94 percent soluble pink powder, 75 
percent arsenious acid, in  100-pound 
drums, was quoted at 23 cents per pound. 


Foreign Trade.—U.S. imports of white 
arsenic declined 28 percent in quantity 
and 22 percent in value. The average 
value of 1969 imports was $113 per ton. 


1By John W. Cole, physical scientist, Washing- 
ton, D.C. 
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Table 1.—U.S. imports for consumption of white arsenic (As, 
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O.) content, by countries 


1967 1968 1969 
Country Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
Belgium-Luxembourg. .......... 1,107 $160 254 $41 17 $4 
Canada 90 11 8 SE 
nes EEE 5,557 466 6,424 600 4,836 420 
Germany, West... ..........-.-- | 2.22.2 ^ nee 14 SES 
e e esses ` ees 199 Jdcr — zl. — . xu 
Mero JVC 11,453 1,017 T,159 716 7,961 875 
EES 18 1 644 52 255 19 
South Africa, Republic of 968 82 1,184 105 121 18 
Sweden 6,245 616 9,315 1,090 6,071 782 
S S d MMC MEN 1,626 149 | | 144 | 888 
United Kingdom 11 )))! P — eee 
Western Africa, n.e.c --- TT ^ ^^^ l2... 10 1 
OCG oe eo Gee 27,075 2,508 25,195 2,626 18,171 2,064 
Table 2.—U.S. imports for consumption of arsenicals by classes 
(Thousand pounds and thousand dollars) 
1967 1968 1969 
Class 
Quantity Value Quantity Value Quantity Value 
White arsenic (As: O)) 54,149 $2,508 50,390 $2,626 86,841 $2,064 
Metallic arsenic. ....................- 590 801 819 588 692 568 
Se u S 578 85 50 12 19 5 
Sheepdip....... .. . . . . . 2-220 r4 ens 10 5 “usss 44 9 
Sodium arsenate—ꝛ 258 22 75 6 110 11 
Lead &reenate....-.-... ³ðiX ↄ d ³ðÄ . Se 45 6 
Arsenic compounds, D. 2. -222-0 eee ------ 10 48 


Metallic arsenic imports also declined— 
15 percent in quantity and 3 percent in 
value. The average value of 1969 imports 
was $0.82 per pound, but the value ranged 
from $0.45 to $162 per pound. Although 
Sweden supplied 99 percent of the quan- 
tity, the value was only 53 percent of the 
total. Imports from Canada consisted of 
6,225 pounds valued at $255,000 or $41 per 
pound. Twenty pounds from Japan were 
valued at $162 per pound, and 20 pounds 
from the United Kingdom were valued at 
$150 per pound. 

World Review.—Sweden continued to 
lead the world in production of arsenic; 
France was second. Production in Mexico 
dropped to less than 50 percent of its 1968 
output. 


Table 3.—World production of white 
arsenic (arsenic trioxide), 
by countries 1 2 


(Short tons) 

Country 1967 1968 1969 p 
Brazil. ...------------ 245 344 331 
Canada....------------ . 878 845 850 
Fran ede r 15,432 15,432 15,482 
Germany, West 588 1,128 1,102 
Jab ann 709 789 786 
Mexico 16,498 14,915 7, 075 
Pori- oun sa posen cei 298 1,858 530 
Portugal_............- 278 202 221 
South-West Africa 2 e 881 584 551 
SiC aaa 142 148 110 
Sweden 22,266 23,259 28,149 
ULSS.RO ooo ccc , 716 7,716 7,826 
United States W W 
Total*......... r64,876 66,160 57,468 
e Estimate. P Preliminary r Revised. 
W Withheld to avoid disclosing e individual company 

confidential data. 
1 Arsenic may be produced in entina, Austria, 


Belgium, China (mainland), Czec oslovakia, East 
Germany, Finland, Hungary, Southern Rhodesia, 
United Kingdom, and Yugoslavia, but there is too 
little information to estimate production. 

3 Including calculated trioxide equivalent for out- 
put reported as elemental arsenic and arsenic com- 


pounds. 

3 Output o of Tsumeb Corp. Ltd. for fiscal years end- 
in 

7 Total 15 is of listed figures only. 
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CESIUM AND RUBIDIUM š 


. Domestic Production.—The source of all 
cesium. and rubidium produced in the 
United States in 1969 was imported pollu- 
cite and ALKARB, a residue from past 
lithium compound production. 


.Cesium and rubidium compounds and 
rubidium metal were produced by Penn 
Rare Metals Division of Kawecki Berylco 
Industries, Inc., Revere, Pa.: American Pot- 
ash & Chemical Corp., Trona, Calif; and 
Rocky Mountain Research, Inc., Denver, 
Colo. MSA Research Corp., Callery, Pa., 
shipped cesium and rubidium metal, and 
rubidium compounds from stocks. 


Consumption and Uses.—Statistical data 
on the consumption and uses of cesium 
and rubidium compounds are not avail- 
able. 


Various forms of cesium and rubidium 
had applications in pharmaceuticals, pho- 
tomultipler tubes, photoelectric cells, spec- 
trophotometers, scintillation counters, in- 
frared lamps, semiconductors, and vacuum 
tubes. By far the largest consumption of 
cesium and rubidium was in research and 
development. 


Prices.—Cesium metal, 99 percent +, was 
quoted at $100 to $375 per pound. Ru- 
bidium metal, 99.5 percent +, was quoted 
at $300 per pound. 

Foreign Trade.—No pollucite was im- 
ported during the year. Imports of cesium 


compounds and rubidium metal as re- 
ported by the Bureau of Census were as 
follows: 


Cesium Cesium com- 

Country of chloride pounds, n.s.p.f. 
origin —— —FnI 

Pounds Value Pounds Value 
Austria 110 $2,000 .....  ..... 
Germany, West. 1,458 53,872 8,029 $94,750 
Switzerland 22 1,025 419 14,979 

United | 

Kingdom.... 249 4,124 50 566 
Total.... 1,884 60,521 8,498 110,296 


Technology.—The National Aeronautics 
and Space Administration (NASA) contin- 
ued its long range development program 
involving the use of cesium for space 
power generation and energy conversion. 
Over the past 5 years, NASA has con- 
ducted experiments with cesium for ther- 
mionic converter applications. High-purity 
cesium has been studied for use as a con- 
ducting interelectrode gas and as a low- 
work function source of electrons. Other 
experimental applications include using 
cesium in magnetohydrodynamic power 
generation and in power switching thyra- 
tron tubes. 


GALLIUM * 


Domestic Production.—Gallium metal 
was produced as a byproduct of alumina 
production by the Aluminum Company of 
America at its Bauxite, Ark., plant. Gal- 
lium metal, oxide, and trichloride were 
produced as a byproduct of zinc produc- 
tion from sphalerite by Eagle-Picher In- 
dustries, Inc., at its Quapaw, Okla., plant. 


Consumption and Uses.—The largest 
consumption of gallium is in electronic ap- 
plications. When alloyed with Group V 
metals (phosphorus, arsenic, antimony, and 
bismuth) , gallium forms versatile semicon- 


° 


ducting materials. Gallium semiconducting 
compounds are used in transistors, diodes, 
as dopant for other semiconductor mate- 
rials, and in Gunn devices. Gallium is used 
in the construction of high-temperature 
quartz tube thermometers. Minor uses for 
gallium are as a sealant for glass joints, as 
a constituent of solders, as backing for 
mirrors, as a low-temperature lubricant, 
as a component of dental alloys, and in re- 
search. 


3 By E. Chin, chemist, Washington, D.C. 
3 By E. Chin, chemist, Washington, D.C. 
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Prices.—Market prices (per gram) of 
gallium from bauxite sources were lowered 
substantially. Prices, effective as of January 
1969, were as follows: 
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Foreign Trade—Imports of gallium- 
bearing products (unwrought, waste, and 
scrap) as reported by the Bureau of the 
Census were as follows: 


Country of origin Pounds Value 

Belgium-Luxembourg—  . 288 $37,665 

99.99 99.999 99.9999 Canada ——À 4 1,081 

Quantity percent percent. percent Germany, West 170 1,548 

pfl... 88 4,928 

| Netherlands.............- 2 440 

Up to 999 grams - $1.00 $1.10 $1.20 witzerland___........--- 2,054 380, 393 

1, 000 to 4,999 grams .. 80 85 95 United Kingdom—— 129 5,210 

5,000 to 24,999 grams... 70 75 . 85 Total.............. 2,656 411,255 
GERMANIUM * 


Germanium demand was high during 
1969, and a shortage of supplies caused the 
first rise in prices since September 2, 1966. 
The increased demand appears to have 
been caused by uses other than for semi- 
conductors because production and ship- 
ments of germanium diodes and transis- 
tors was almost the same as in 1968. 
Germanium metal was imported from the 
U.S.S.R. for the first time. | 

Domestic Production.—Primary germa- 
nium output was derived from smelter resi- 
dues resulting from retorting and refining 
of zinc concentrates from the Kansas-Okla- 
homa area and zinc concentrates from 
fluorspar-zinc-lead ores of the Kentucky- 
Illinois area. Eagle-Picher Industries, Inc., 
operated a refinery at Miami, Okla. Kaw- 
ecki Berylco Industries, Inc., Revere, Pa., 
and Sylvania Electric Products, Inc., To- 
wanda, Pa., operated refineries to produce 
germanium from primary materials and 
scrap. Several other laboratories operate fa- 
cilities for producing intrinsic ingot from 
electronic-grade dioxide. 

Prices.—The price of purified germa- 
nium ingot was raised on July 2 from 
$175.25 to $184.50 per kilogram and on 
October 13 was raised to $201.50. Germa- 
nium dioxide (electronic) was raised from 
$88.50 to $95 per kilogram on July 2, and 
to $105 on October 13. 

Foreign Trade.—U.S. imports of germa- 


nium metal (unwrought, waste, and scrap) 
increased 93 percent in quantity and 127 
percent in value. The first recorded im- 
ports of germanium from the U.S.S.R. were 
second only to Belgium-Luxembourg in 
quantity and value. 


Table 4.—U.S. imports for consumption 
of germanium, by countries 


Pounds Value 
Country Unwrought, and waste 
and scrap 
Belgium-Luxembourg...... 3,521 3704, 766 
Canada: .... 8 42 2,000 
Germany, West 220 7,350 
Italy... o ue Eee 220 7,350 
Switzerland. ............. 2 388 
ULSSS.R. oe eee s. 22 8,068 181,669 
United Kingdom 774 46,296 
Total... 7,842 949,764 
Wrought 
Belgium-Luxembourg. .....- 9 5, 154 


World Review. — The Government of the 
Congo (Kinshasa) resumed production of 
germanium in 1969. Reported production 
was 11,000 kilograms of germanium in con- 
centrates. The principal source was the 
Prince Leopold mine near Kipushi, where 
the germanium- containing mineral renier- 
ite is associated with copper and zinc min- 
erals. The germanium concentrates are 
shipped to Belgium for recovery of refined 
germanium metal or dioxide. 


í By John W. Cole, physical scientist, Washing - 
ton, D. C. 
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INDIUM 5 


Domestic Production—The American 
Smelting and Refining Company produced 
indium metal and chloride at its Perth 
Amboy, N.J., plant and indium metal at its 
Denver, Colo., plant. The Anaconda Com- 
pany produced 62,970 troy ounces of in- 
dium at its Great Falls, Mont., plant, com- 
pared with 85,640 ounces in 1968. 
Anaconda discontinued indium production 
in November because of market conditions 
and the low level of indium contained in 
materials treated. Source material for in- 
dium was certain smelter flue dusts and 
residues in which the trace quantities of 
indium associated with zinc minerals were 
concentrated. 

Uses.—Indium was used in electronic de- 
vices in a variety of ways, such as a com- 
ponent of solder for connecting lead wires 
to germanium in transistors, and as a 
property-modifying component of the in- 
termetallic germanium semiconductor. The 
compounds, indium arsenide, indium anti- 
monide, and indium phosphide were uti- 
lized for other semiconductor applications. 


Indium was also used in special solders, 
glass-sealing alloys, and dental alloys. 

Stocks.—Producer stocks of indium in- 
creased significantly during the year and at 
yearend were in excess of total shipments 
for 1969. 

Prices.—The market quotations for in- 
dium throughout the year were $2.50 per 
troy ounce for 30 to 90 ounces in stick 
shapes; ingots were $2.05 per troy ounce in 
100-ounce lots; and $1.75 in plus 10,000- 
ounce lots. 

Foreign Trade.—Imports for consump- 
tion of indium (unwrought, waste, and 
scrap) totaled 283,275 troy ounces valued 
at $425,859, compared with 280,421 ounces 
and $484,528 for 1968. Imports by country 
were Canada 165,095 ounces ($254,009), 
Japan 55,888 ounces ($78,685), Peru 21,051 
ounces ($36,839), U.S.S.R. 13,088 ounces 
($15,897), West Germany 12,908 ounces 
($17,247), | Belgium-Luxembourg 8,368 
ounces ($9,805), United Kingdom 6,861 
ounces ($12,602) , and the Netherlands 516 
ounces ($775). 


RADIUM * 


Radium is being used less and less in 
the United States principally because of 
cheaper substitute material and increas- 
ingly greater control of its hazardous as- 
pects. 

Legislation and Government Programs. 
—The U.S. Department of Health, Educa- 
tion and Welfare has issued. pamphlets and 
booklets 7 which review the status of 
various health programs with respect to 
radium and radioisotope usage and con- 
trol, the evaluation of radium contamina- 
tion, and the use and hazards of certain 
radioactive elements including radium. 

Most of the publications are available 
through the Office of Public Information 
and Education, Environmenta] Control Ad- 
ministration, Consumer Protection and En- 
vironmental Health Service, U.S. Depart- 
ment of Health, Education and Welfare, 
Rockville, Md. 20852. | 

The depletion allowance for mining do- 
mestic and foreign radium-bearing raw 
materials was lowered from 15 to 14 per- 
cent. The new rate was effective with tax- 
able years beginning after Oct. 9, 1969. 


Domestic Production.—No primary radi- 


um was produced in the United States in 
1969 nor has it been for many years. The 
principal dealer continued to be Radium 
Chemical Co., Inc., New York, N. V., which 
received its supplies of radium salts from 
Union Miniére S.A. This latter Belgian 
company, formerly Union Minière du 
Haut-Katanga, recovered radium from 
Congolese (Kinshasa) ores. Canadian Ra- 
dium and Uranium Division, Canrad Preci- 
sion Industries, Inc, New York, and Nu- 


6 By Harold J. Schroeder, 
Washington, 

6By John G 
ver, Colo. 

T Bureau of Radiological le Report | of 
State and Local Radiological Programs 
cal Year 1968. U.S. “an ios P Health, Edu. 
cation and Welfare, July 1969. 
Public Health Service. Evaluation of. Radium 
Contamination in Aircraft Instrument Repair Fa- 
cilities. Pub. No. 999-RH-36. U.S. Government 
Printing Office, Washington, D.C., May 1969. 37 


pp. | 

Robinson, Earl W. The Use of Radium in Con- 
sumer Products. MORP 68-5. Public Health Serv- 
ice, National Center for Radiological Health, U.S. 
Department of Health, Education and Welfare, 
November 1968, 25 pp. 

Williams, Kenneth D., and Joseph D. Sutton. Sur- 
vey of the Use of Radionuclides in Medicine: Pre- 
liminary Report. Public Health Service, National 
Center for Radiological Health, U.S. Department 
of Health, Education and Welfare, July 1968. 


physical scientist, 


r^ 
^ Parker, physical scientist, Den- 
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clear Radiation Development Corp., Grand 
Island, N.Y., which took over radium 
activities from United States Radium 
Corp., Morristown, N.J., are the only two 
other domestic firms having an interest in 
radium sales and shipments. 

The principal interest of both Canrad 
and U.S. Radium is in radioactive isotopes 
(radioisotopes) , especially those such as 
tritium (hydrogen 3) which have certain 
fluorescent properties. Radium Chemical 
Co., Inc., still offers a reencapsulation serv- 
ice—removing radium from old sources 
and placing it in new, doubly encapsulated 
platinum containers. 

Uses.—Much of the radium formerly 
used in self-luminous light sources has 
been replaced by tritium and krypton-85 
luminous compounds which have less ex- 
ternal gamma radiation. 

The continuing use of radium in the 
therapeutic treatment of cancer is due pri- 
marily to the penetrative power of its 
gamma radiation. Here it is used in the 
form of encapsulated radium sulfate in in- 
terstitial or intracavitary treatment. These 
containers are checked periodically for 
leakage of radon gas. Leakage requires 
their return to the leasor or laboratories 
for reencapsulation. Other radioisotopic 
substitutes for radium in medical usage are 
cesium-137, iridium-192, and gold-198. Also, 
californium-252, a newly developed radiois- 
otope. available as yet in very limited 
quantities, has been suggested for thera- 
peutic usage. Cobalt-60 is used principally 
in large teletherapy machines. 

Beryllium neutron sources with radium 
are being replaced gradually by sources 


MINERALS YEARBOOK, 1969 


with little or no gamma radiation, such as 
those containing plutonium-238 and cur- 
ium-244. In turn, it is said that califor- 
nium-252, a spontaneous neutron emitter 
that has a 2.65-year half-life, can be fabri- 
cated into small-sized sources which need 
less free space for decay helium. The 
Bureau of Mines is evaluating Cf-252 as a 
neutron source in its process control pro- 
gram to reduce air pollution from coal 
utilization. Other potential uses for californ- 
ium-252 were investigated.8 

Prices.—Radium prices have not been 
quoted for several years, at which times 
they were listed as high as $21.50 per mil- 
ligram for new material. In some Euro- 
pean countries, some small lot sales were 
made at prices as low as $2 per milligram. 
The price situation in this country is 
rather unsettled because of efforts made by 
the Environmental Control Administration, 
U.S. Department of Health, Education and 
Welfare, and in various State and local ra- 
diological health programs to license and 
limit the use of radium. This has led to 
former users offering significant quantities 
of radium salts, sometimes at low asking 
prices, just to dispose of the material. 

Foreign Trade.—Radium has been in- 
cluded for several years in an export and 
import classification which prevents disclo- 
sure of pertinent data. Under arrange- 
ments with the U.S. Atomic Energy Com- 
mission, the Bureau of the Census released 
trade statistics on radium in 1967, but no 
data were available on the subject in 1968 
or 1969. Imports of radium along with cer- 
tain radioisotopes and compounds, were 
exempt from duty. 


RHENIUM ° 


The demand for rhenium increased as a 
result of the increased requirement for 
rhenium-platinum catalysts by the petro- 
leum industry By the yearend, rhenium 
was in short supply and there was a signif- 
icant increase in price. 

Domestic Production.—Rhenium contin- 
ued to be recovered as a byproduct from 
the molybdenite (MoSz) contained in 
Southwestern porphyry copper ores by 
Kennecott Copper Corp. at its molybde- 
num roasting facility near Garfield, Utah. 
Shattuck Chemical Co., Denver, Colo., con- 
tinued to recover rhenium salts from rhe- 
nium-bearing domestic and imported molyb- 


denite. Cleveland Refractory Metals 
(CRM), Solon, Ohio, a division of Chase 
Brass & Copper Co. (a subsidiary of Ken- 
necott Copper Corp.), received its supply 
of rhenium-bearing crude materials from 
the Garfield, Utah, roasting plant of its 
parent company, and from Shattuck Chem- 
ical Co. CRM increased its capacity for 
rhenium metal in anticipation of the in- 
creased demand. 


8 U.S. Atomic Energy Commission. Californium- 
252. Its Use and Market Potential. Savannah River 
Operations Office, Aiken, S.C. May 1969, 26 pp. 

? By Meherwan C. Irani, metallurgist, Pitts- 
burgh, Pa. 
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Porphyry copper deposits in Chile, 
Congo (Kinshasa), the United States, and 
the U.S.S.R. represented the only signifi- 
cant sources of rhenium. Rhenium metal 
was recovered at molybdenite roasting 
plants in Belgium, the Soviet Union, the 
United Kingdom, the United States, and 
West Germany. 

Consumption and Uses.—Approximately 
75 percent of the rhenium consumed was 
used in the development of rhenium and 
rhenium-platinum catalysts and in the de- 
velopment of ductile, high-temperature 
tungsten and molybdenum-base alloys. 
Other applications of rhenium continued 
to be in high temperature thermocouples, 
flashbulb filament wire, electrical contacts, 
and coatings. Development of rhenium- 
platinum catalysts used in the cracking of 
petroleum hydrocarbons emerged as the 
major use of rhenium. It is estimated by 
CRM that, by 1972, more than half of the 
anticipated market of 20,000 pounds per 
year will be for the manufacturer of cata- 
lysts. 

Prices.—In July 1969, Cleveland Refrac- 
tory Metals (CRM) increased prices for 
rhenium materials. The new published 
prices, for minimum order of $100, were as 
follows: 


Per pound 
Ammonium perrhenate (NH4ReO4), up to 


Penn. ĩð inl en cuu QE $680 
Ammonium 5 over 5 pounds, 
but less than 20 pounds $645 
Ammonium Derrhenate. over 20 pounds .. $610 
Rhenium metal powder, up to 5 pounds -- $700 
Rhenium metal powder, over 5 pounds, 
but less than 20 pounds $665 
Rhenium metal powder, over 20 pounds, 
but less than 50 pounds $630 


The prices were nominal towards the 
yearend because there was little or no un- 
committed metal available for sale by 
CRM. Owing to a shortage of supply, 
rhenium was sold at the yearend on the 
open market at prices in excess of $1,000 
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per pound. Most of this rhenium is be- 
lieved to be of foreign origin. 

CRM, using special patented processes, 
recycled rhenium-bearing scrap materials 
to recover the rhenium content. High-pu- 
rity rhenium metal was produced from a 
mixture of rhenium salts and rhenium 
scrap starting materials. 

Foreign Trade—Imports of unwrought 
rhenium metal in 1969 increased 86 per- 
cent to about 811 pounds. It was imported 
from West Germany (32 percent), 
U.S.S.R. (27 percent), Sweden (27 per- 
cent), and France (18 percent). A small 
amount was imported from the United 
Kingdom. The rhenium from France and 
West Germany is believed to have been 
obtained from molybdenite recovered from 
porphyry copper ores in Chile. The rhe- 
nium from the Soviet Union is presumed to 
have been recovered from the flue dusts of 
molybdenite roasters. The source of the 
rhenium imported from Sweden is un- 
known but may have been from the Soviet 
Union. The average price of unwrought 
rhenium imports during the year, exclud- 
ing U.S. duty of 8 percent ad valorem, was 
$588 per pound (West Germany) , $487 per 
pound (France), $338 per pound (Swe- 
den), and $323 per pound (U.S. S. R.). 
There were no imports of wrought rhe- 
nium during 1969. 

Technology.—A patent was granted cov- 
ering the recovery of rhenium from 
aqueous solutions obtained by leaching 
rhenium-containing ore, flue dust, or 
other metallurgical material.1i0 The 
aqueous solution is contacted, at a speci- 
fied pH value, with a kerosine solution of 
a secondary or tertiary amine. The result- 
ing extract phase is purified and subjected 

10 - 
schungsinstitut fuer Ne-Metalle, Freiberg, Ger 


many). Method for Extracting Rhenium 
iano Solutions. U.S. Pat. 3,495,934, Feb. 17, 


Table 5.—U.S. imports for consumption of rhenium, by countries 


1967 1968 1969 
Country 
Pounds Value Pounds Value Pounds Value 
EA 23 $10,206 17 $6,722 109 $58,045 
Germany, West. ............... 72 81,142 419 142,217 1261 158 ,858 
Sweden x25 ean Lat < EU LE 215 72,681 
USS R. EE Age 1X EE EE ente 222 71,660 
United I Kingdom. J 1 1,164 (3) 269 4 1,864 
Total. c zc uL 96 42,512 486 149,208 811 852,108 


1 Adjusted by the Bureau of Mines. 
3 Less than 1⁄4 unit. 
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to reextraction to transfer the values into 
an aqueous solution. The rhenium com- 
pound is obtained from the solution by 
crystallization. 

A Soviet paper published during the 
year described extraction and separation of 
rhenium.11 It describes an electrolytic proc- 
ess for separating rhenium and molybde- 
num from their disulfides. It was found 
that complete extraction of milligram- 
amounts of rhenium, in the presence of 
1,000 times its amount of molybdenum, 
can be achieved in 1 hour. In the process, 
a 5 percent solution of ammonium chlo- 
ride acidified by hydrochloric acid to pH 
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2.5 is used as electrolyte. At a current den- 
sity of 100 mA /cm2, 70 to 80 percent of the 
molybdenum is extracted from the solu- 
tion. Molybdenum precipitated on the 
cathode and the rhenium remained in so- 
lution. A German patent describing recov- 
ery of rhenium from impure oxidized acid- 
ic solutions was issued to Kennecott Copper 
Corp.12 In the process, rhenium is recov- 
ered from solution by contacting it with 
a solution of tridecyl alcohol in kero- 
sine. Rhenium is selectively extracted into 
the organic phase from which it is trans- 
ferred into an aqueous solution of ammon- 
ium sulfocyanide. 


SCANDIUM +° 


Scandium, obtained as a byproduct from 
uranium processing, is replacing that re- 
covered from imported Norwegian thort- 
veitite, a rare scandium-yttrium silicate. 
Most of the byproduct scandium comes 
from Australia and Canada. 

Domestic Production.— The domestic 
firms concerned with production, refining, 
or sales of scandium in 1969 were Alfa In- 
organics, Inc., Beverly, Mass.; Atomergic 
Chemetals Co., Division of Gallard-Schles- 
singer Chemical Manufacturing Corp., 
Carle Place, N. V.; King Products, Inc., Ar- 
lington, N. J.; Research Chemicals, a divi- 
sion of Nuclear Corporation of America, 
Phoenix, Ariz.; Semi-Alloys, Inc., Mount 
Vernon, N. V.; and Semi- Elements, Inc., 
Saxonburg, Pa. 

In addition to being found in and re- 
covered from uranium waste solutions, re- 
search in the past has proved the feasibil- 
ity of recovering scandium from phosphate 
rock and tungsten concentrate. 

Uses. —Some advances seem to have been 
made in translating the various properties 
of scandium, discovered in laboratory scale 
experimental work, into actual commercial 
usage. 

A high-pressure discharge light called 
Metalarc, containing mercury with lesser 
quantities of scandium and sodium oxides, 
was developed by Sylvania Electric Products, 
Inc. It is being used in several sports 
stadiums and indoor coliseums in the 
United States where its output quality is 
claimed to be virtually the same as that of 
natural sunlight. 

Prices. — Only a few quotations on scan- 
dium, its salts and oxide, were forthcoming 


during the year. Depending upon lot size, 
purity, and form (such as ingot, powder, 
chips, and distilled), the metal was quoted 
at from $2,000 to $6,800 per pound, the 
latter being distilled, high-purity material. 
The oxide, on a similar basis, was priced 
from $1,000 to $1,500 per pound; salts, 
such as chlorides, nitrates, sulfates, oxa- 
lates, and acetates, from $750 to $800 per 
pound. Larger quantities of some items 
were available at lower prices. 

Technology —Some evaluations were 
made for the National Aeronautics and 
Space Administration on magnesium-scan- 
dium alloys.14 The Dow Chemical Co. in- 
vestigated alloys with 10 to 20 percent 
scandium and ternary additions of lithium, 
silver, cadmium, and yttrium. 

Researchers are using scandium metal in 
the development of fast breeder reactors. 
The metal acts as a neutron filter, permit- 
ting only two keV neutrons to pass through. 
Insertion of a 33-inch-long piece of scandium 
metal in a beam hole in Idaho Nuclear 
Corp.s materials testing reactor permits 
designers to determine how the safety of a 
fast reactor is affected as the temperature 
increases. 


11 Simson, T. F., Z. B. Rozhdestvenskaya, O. A. 
Songina, A. V. Koval. Electrolytic Separation of 
Rhenium and Molybdenum From Their Disulfide. 
Kazakh State Univ. Alma-Ata, U.S.S.R. Zh. Anal. 
Khim., 24: 1352-6, September 1969 (in Russian). 

12 Prater, John D., and Ronald N. Platz 
(assigned to Kennecott Copper Corp., New York). 
Rhenium Production by Ion Exchange. Ger., 
Offen. 1,808,707 June 12, 1969, U.S. Appl. Nov. 
13, 1967, 20 pp. 

A " By John G. Parker, physical scientist, Denver, 

olo. 

14 Materials Engineering. Rare Earths May be 
Key to Stronger Magnesium Alloys. V. 69, No. 1, 
January 1969, p. 25. 
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SELENIUM '* 


Demand for selenium continued strong 
throughout the year and record production 
and shipments were recorded. At yearend, 
producers were reported to have back or- 
ders covering 2 years' output, and stocks 
reached a record low. 

No changes were made in Government 
stocks. Total inventories at yearend were 
475,000 pounds, equal to the objective set 
by the Office of Emergency Preparedness 
(OEP) April 17, 1964. 

Domestic Production.—Of the five plants 
in the United States reporting production 


of selenium, four were at major electrolytic 
refineries as follows: American Metal Cli- 
max, Inc., Carteret, N.J.; American Smelt- 
ing and Refining Co., Baltimore, Md.; In- 
ternational Smelting & Refining Co., Perth 
Amboy, N.J.; and Kennecott Copper Corp., 
Garfield, Utah. The (fifth producer, 
Kawecki Berylco Industries, Inc., Boyer- 
town, Pa. produced selenium from pur- 
chase material from primary and second- 
ary sources. Phelps Dodge Refining Corp., 
Maspeth, N.Y., sells a crude selenium 
product to other companies for refining. 


Table 6.—Salient selenium statistics 
(Thousand pounds of contained selenium) 


United States: 
Production 222 2520899 22.0 e 
Shipments to consumers. 
Imports for consumption. ................... 
Stocks, Dec. 31, producers 
Price per pound, commercial grade 
World: Production 


Consumption and Uses.—Selenium was 
used for modifying the color and impart- 
ing color to glasses and enamels. It was 
used in bottle glass to neutralize the green 
color imparted by iron. The large increase 
in the production of one-use bottles con- 
tributed to the increased demand for se- 
lenium. Selenium was used to tint gray or 
"black" glass used in the window of mod- 
ern office buildings. Its use in xerography 
is believed to have increased. As indicated 
by reported premium prices paid for seleni- 
um in Europe, foreign demand was strong. 


Prices.—The price of commercial grade 
and high-purity selenium were raised from 
$4.50 and $6 per pound, respectively, to $5 
and $6.25 March 10; to $5.50 and $6.75 
early in July; and to $7 and $8.50 per 
pound December 1. 

Late in the year commercial-grade seleni- 
um was reported to have been traded at a 
high premium price in Europe. 

Foreign Trade.—Imports of selenium de- 
creased slightly from 1968 levels. Canada 


1965 1966 1967 1968 1969 
540 620 598 633 1,229 
824 845 659 941 1,410 
251 286 801 583 546 
1,0 7 796 24 
$4.50-$6 $4.50-$6 $4.50-$6 $4.50-$6 $7-$8,50 
1,799 1,978 2,05 2,012 2,7 


was the principal supplier as shown in the 
listing that follows: 


U.S. imports for consumption of selenium, 
by countries 
(Thousands of pounds and dollars) 


Quantity Value 
Country — — 
Unwrought, and waste 
and scrap 
Canada 516 $3,206 
«; E A 2 10 
Germany, West 8 14 
Japan... . bed eee 4 18 
Total on s. uz: 525 $8,248 
Selenium oxide 
(selenium content) 
Canada.................- 16 $75 
d EE 5 24 
Total. Zo: u u 2 21 $99 


In addition to selenium and selenium 
dioxide, a small quantity of unspecified se- 
lenium salts was imported from Canada. 

World Review.—The United States, Can- 
ada, and Japan, in that order, continued 
to lead in production of selenium with 89 
percent of free world output. 


15 By iun W. Cole, physical scientist, Washing- 
ton, D.C. 
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Table 7.—World production of selenium 
by countries 
(Thousand pounds of contained selenium) 


Country 1967 1968 1969» 
Australia ............. 4 4 4 
Belgium-Luxembourg 

(exports).............- 72 54 55 
Canada: 22665 88 725 636 711 
Finlan . . . cors .15 16 15 
rr uec etas 422 399 495 

. MexICO Asc ee owe 886 b 2 42 
Perü.. cue ewe du 11 18 15 
Sweden r 132 e 176 176 

United States 598 688 1,229 
Yugoslavia.............- 10 22 20 

Zambia ! . 57 57 57 

Total 2 r 2,051 2,012 2,759 

e Estimate. p Preliminary. r Revised. 

l Contained in copper refinery slimes exported for 
treatment. 

2 Total is of listed figures only. 


TELLURIUM '* 


Domestic Production.—Production of tel- 
lurium during 1968 was reported by the 
following companies: American Metal Cli- 
max, Inc., Carteret, NI: American Smelt- 
ing and Refining Company, Baltimore, 
Md. International Smelting & Refining 


Co. Perth Amboy, N. J.; United States 
Smelting Lead Refinery, Inc., East Chicago, 
Ind.; and Kawecki Berylco Industries, Inc., 
Boyertown, Pa. Phelps Dodge Refining 
Corp., Maspeth, N.Y., sells a crude tellur- 
ium product to other refineries. 


Table 8.—Salient tellurium statistics 
(Thousand pounds of contained tellurium) 


1965 1966 1967 1968 1969 

United States: 
Production, primary and secondary. ............... 195 199 185 121 284 
Shipments to consumers_.......... .. . . . . . 146 215 172 201 245 
Stocks, Dec. 31, produeerg. 212 195 186 157 191 
! R AAA 8 18 18 91 71 112 
Price per pound, commercial grade $6 $6 $6 $6 $6 
World: Production $21 834 270 258 427 


Consumption and Uses.—A report pre- 
pared by a panel of industry and Govern- 
ment specialists convened by the National 
Materials Advisory Board (NMAB) de- 


Foreign Trade.—Imports of consumption 
of tellurium were as follows: 


Thousand pounds and 


scribed the “Usage Patterns for Tellur- Reuter thousand dolars 
ium.” Total domestic consumption is Quantity Value 
200,000 to 250,000 pounds. The metallurgi- Canada F TO $369 
1 er...... 
cal industry consumes 79 percent as a car- japan 3 18 
bide stabilizing agent in the production of 
I 112 596 


white cast iron, as a machinability additive 
for steel and copper and as an additive to 
lead to improve corrosion resistance. The 
chemical and pharmaceutical industries 
consume 19 percent, principally as a sec- 
ondary vulcanizing agent in the rubber in- 
dustry. Thermoelectric and electronic de- 
vices each consume about 1 percent. 


World Review.— The United States pro- 
duced 55 percent of free world production 
of tellurium; Canada produced 24 percent; 
Japan produced 12 percent; and Peru pro- 
duced 9 percent. 


94 By John W. Cole, physical scientist, Washing- 
ton, D.C. 
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Table 9.—Free world production of 
tellurium by countries 
(Thousand pounds of contained tellurium) 


Country ! 1967 1968 1969 » 
Canada 78 71 104 
Japan 30 31 51 
Peru. _ .... .. r 32 85 88 
United States 185 121 294 

Total? r 270 258 427 
p Preliminary. r Revised. 


l Small quantity also recovered in Australia by 


Electrol 
Pty. Ltd. 


ic Refining and Smelting Co. of Australia 


3 Total is of listed figures only. 


THALLIUM '* 


Domestic Production—The American 
Smelting and Refining Company at Denver, 
Colo., was the only domestic producer of 
thallium and thallium compounds. The 
company produced and consumed more of 
the metal but shipped much less than in 
1968. Thallium compound production was 
larger than in 1968 but shipments were 
smaller. 

Uses.—High-purity thallium is used prin- 
cipally for metallurgical research. Thallium 
has a significant use in electronic applica- 
tions such as thallium-activated sodium 
iodide crystals in photomultiplier tubes. 
Other uses of thallium were in low-melting 
alloys and in optical glass. 

Price.—The quoted price for thallium in 
less-than-100-pound lots has been un- 


changed at $7.50 per pound since December 
1957. 

Foreign Trade.— Imports for consumption 
of thallium (unwrought, waste, and scrap) 
were 601 pounds, valued at $2,155, from 
Belgium-Luxembourg. 


Technology.—During the past 20 years 
there has been considerable interest and 
activity in organometallic chemistry, but 
only recently has there been much study 
of the chemistry of the organothallium com- 
pounds. An article was published sum- 
marizing the use of such compounds in 
organic synthesis.18 


1! By Gertrude N. Greenspoon, mineral special- 
ist, Washington, D.C. 

1$ Taylor, Edward C., and Alexander McKillop. 
Organothallium Chemistry—New Horizons in 
Synth cns Aldrichimica acta, v. 3, No. 1, 1970, 
DD. ; 
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GREENSAND 


Domestic production of greensand (glau- 
conite) increased 12 percent in quantity 
and 23 percent in value over that of 1968. 
Only two firms, Iversand Co. of New Jer- 
sey and Kaylorite Corp. of Maryland, pro- 
duced greensand; information on produc- 
tion and sales for 1969 is withheld to 
avoid disclosing individual company confi- 
dential data. For the 5-year period 
1965-69, average annual production was 
3,156 short tons valued at $198,000. The 


material was marketed for use as a soil 
conditioner and water softener. 


The Bureau of Mines, under a coopera- 
tive agreement with the Delaware Geologi- 
cal Survey, began evaluation of glauconite 
for potential utilization as a ceramic mate- 
rial in structural clay products or light- 
weight aggregate. Samples from formations 
in Delaware were tested by Morse Labora- 
tories, Sacramento, Calif. 


IODINE ? 


Consumption of crude iodine established 
a record high in 1969 for the second year 
in a row. Domestic output increased, but 
imports decreased in quantity from those 
of 1968. Increases in quoted prices for 
crude iodine and most iodine compounds 
were announced in 1969. 


Japan continued to be the world’s larg- 
est producer of crude iodine. 

Legislation and Government Programs. 
—On December 31, 1969, the Government 
Dallas, 


3 By Keith S. Olson, Industry economist, Bureau 
of Mines, Minneapolis, Minn. 


d 1 Physical scientist, Bureau of Mines, 


Table 1.—Crude iodine consumed in the United States 


1968 1969 
Products Crude iodine consumed Crude iodine consumed 
Number — — Number —— — TT" S- 
of plants Thousand Percent of plants Thousand Percent 
pounds of total pounds of total 
Resublimed iodine.............. 6 136 8 8 410 8 
Potassium iodide. .............- 8 1,715 89 9 1,898 89 
Sodium iodide.................. 2 W 4 W 
Other inorganic compounds 15 862 19 15 793 15 
Organic compounds 2b 1,739 89 26 1,866 88 
ff; AA 138 24, 451 100 140 4,902 100 


W N to avoid disclosing individual company confidential data; included with Other inorganic 


OO Nonadditive total because some plants produce more than 1 product. 
2 Data do not add to total shown because of independent rounding. 
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strategic stockpile contained 2,955,692 
pounds of crude iodine and the supple- 
mental stockpile 5,056,147 pounds for a 
total of 8,011,839 pounds. The stockpile 
objective for iodine, established by the 
Office of Emergency Preparedness, is 8 
million pounds. There were no deliveries 
of iodine to the Government stockpiles in 
1969. 

Depletion allowances for domestic iodine 
producers were changed under terms of 
the Tax Reform Act of 1969. Effective 
with taxable years beginning after October 
9, 1969, the depletion allowance for iodine 
from both domestic and foreign production 
is 14 percent of gross income, not to ex- 
ceed 50 percent of net income without the 
depletion deduction. The previous rate was 
15 percent of gross income with the same 
restriction as to net income. 

Domestic Production.—The Dow Chemi- 
cal Co., the only domestic producer, re- 
covered crude iodine from well brines at 
Midland, Mich., as a coproduct with bro- 
mine, calcium and magnesium compounds, 
and potash. Output increased in quantity 
and value over that of 1968. 

Consumption and Uses.—Approximately 
4.9 million pounds of crude iodine’ was 
consumed by 40 firms in 14 States. In 1968, 
nearly 4.5 million pounds of crude iodine 
was consumed by 38 firms. Leading io- 
dine-consuming States in 1969, in descend- 
ing order of magnitude, were Missouri, 
New York, New Jersey, and Pennsylvania. 
Collectively, these four States represented 
83 percent of the total crude iodine con- 
sumption. Increases were reported in the 
amount of crude iodine consumed in pro- 
ducing resublimed iodine, potassium io- 
dide, sodium iodide, and organic iodine- 
containing compounds. Major uses of 
iodine included photographic chemicals, 
household and industrial disinfectants, 
pharmaceutical preparations, and animal 
and fowl feeds. Lesser amounts of iodine 
were consumed in making high-purity met- 
als, motor fuels, iodized salt, smog inhibi- 
tors, swimming pool sanitizers, lubricants, 
and catalysts in chemical processes. 

Stocks.—Yearend stocks of crude iodine, 
held by consumers, were nearly 972,000 
pounds valued at approximately $1.1 mil- 
lion, an increase of 32 percent in quantity 
and 39 percent in value over those of 1968. 

Prices.—Early in 1969, quoted prices for 
several iodine compounds were increased 
following an increase of 6 cents per pound 
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in the price of crude iodine late in 1968. 
Increases of an additional 6 cents per 
pound were announced late in 1969, by 
Chilean Nitrate Sales, Inc, and The Dow 
Chemical Co., and took effect on Novem- 
ber 3, 1969 and on January 1, 1970, respec- 
tively. Several producers of iodine com- 
pounds also increased their prices. Quoted 
prices for iodine and iodine compounds at 
yearend were as follows: 


Per pound 
Crude iodine, drums $1,24-$1.80 
Resublimed iodine, U.S. P., drums, 

f.o.b. work 2,20- 2.42 
Calcium iodate, drums, delivered .... 1.45- 1.60 
Calcium iodide, 25-pound jars, f.o.b. 

! ˙ oe A 4.27 
Potassium iodide, U. S. P., crystals, 

drums, 500 pounds or more, 

delivered 22222 1.60 
Potassium iodide, U.S. P., crystals, 

drums, smaller lots, delivered 1.62 
Sodium iodide, U.S.P., 800-pound 

drums, freight equalized 2.19 


Source: Oil, Paint and Drug Reporter. 


Foreign Trade.—Crude iodine imported 
into the United States in 1969 decreased 3 
percent in quantity, but increased 3 per- 
cent in value over that of 1968. The aver- 
age value of imported crude iodine in- 
creased from $0.95 per pound in 1968 to 
$1.01 per pound, corresponding to the 6- 
cent-per-pound increase in quoted price 
for crude iodine. More than 5.7 million 
pounds of crude iodine was imported, 60 
percent of which was from Japan and 40 
percent from Chile. Imports of resublimed 
iodine were 10,720 pounds, of which Japan 
supplied 10,500 pounds and Sweden the re- 
mainder. 

On January 1, 1969, tariff rates were 
lowered from 9 to 8 cents per pound on 
resublimed iodine and from 22 to 20 cents 
per pound on potassium iodide. These re- 
ductions were part of a program to reduce 
the tariffs on resublimed iodine and potas- 
sium iodide to 5 and 12 cents per pound, 
respectively, by January 1, 1972. Crude 
iodine enters the United States duty free. 

World Review.—Chile—Production of 
crude iodine in 1969 was 2,700 short tons 
(preliminary), compared. with 2,120 tons 
in 1968. The increase was due to a greater 
output by the Chilean nitrate industry, 
which produces iodine as a byproduct. 

Japan.— Japan continued to lead the 
world in production of crude iodine. Out- 
put in 1969 was 5,092 short tons, compared 
with 3,958 tons in 1968.3 Most of the io- 


3 U.S. Embassy, Tokyo, Japan. State Department 
Airgram. A-414, Apr. 14, 1970, p. 3. 
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Table 2.—U.S. imports for consumption of crude iodine, by countries 
(Thousand pounds and thousand dollars) 


1967 
Country 

Quantity Value 
Canada 329 
Chile 2,174 1,884 
Germany, Wesen . 
Japan............- 1,255 1,314 

Sweden (1) (1) 
Total......- 8,459 8,177 

r Revised. 


1 Less than 14 unit. 


dine was produced from well brines associ- 
atéd with natural gas production by six 
firms operating plants on the Chiba Penin- 
sula east of Tokyo. About one-half of Ja- 
pan's iodine output is exported, mainly to 
the United States. 

Technology.—Research on seeding hurri- 
canes with silver iodide in an attempt to 
lessen their destructive effects was contin- 
ued by the Environmental Science Service 


1968 1969 
Quantity Value Quantity Value 
r 2,426 r $2,080 2,808 $2,215 
r LIO MIA LJ 
8,454 r 9,513 3,397 8,538 
r 5,888 5,594 5,705 5,758 


Administration and the U.S. Navy.* In Au- 
gust, 1969, Hurricane Debbie was treated 
with silver iodide crystals with little, if 
any, effect upon that storm. 

A process for the preliminary hydrogena- 
tion of coal tar in producing gasoline-re- 
finery feedstock material using elemental 
iodine or hydrogen iodide as the catalyst 
was patented.5 


LITHIUM 


Domestic output of lithium minerals in- 
cluding lithium carbonate from brines de- 
clined, but value increased slightly over 
1968, reflecting a higher average unit price. 
Imports for consumption of lithium ore 
were about one-eighth of the quantity im- 
ported in 1968. 

Domestic Production.—Foote Mineral 
Co., the leading producer of regular and 
ceramic grade spodumene, mined and be- 
neficiated by flotation the mineral at Kings 
Mountain, N.C. Lithium Corp. of America, 
a subsidiary of Gulf Resources and Chemi- 
cal Corp., began operating a heavy media 
concentrating mill adjoining its open pit 
spodumene mine near Bessemer City, N.C., 
in February.6 Small quantities of lepidolite 
and amblygonite were mined by Keystone 
Chemical Corp., Keystone, S. Dak. Lithium 
carbonate was recovered from brines by 
Foote Mineral Co. at Silver Peak, Nev., 
and by American Potash and Chemical 
Corp. at Trona, Calif. 

Processors of lithium raw materials to 
lithium primary products were Foote Min- 
eral Co., Sunbright, Va., and Silver Peak, 
Nev.; American Potash and Chemical 


Corp., Trona, Calif.; and Lithium Corp. of 


America, at Bessemer City, N.C. Produc- 


tion data were not available for publica- 
tion. 

Legislation and Government Programs. 
—Ad valorem tariffs of lithium metal were 
20 percent and on lithium compounds 8 
percent during 1969; lithium mineral con- 
centrates are imported duty free. At year- 
end, 6,490 short tons of lithium hydroxide 
monohydrate were held by General Service 
Administration under the Federal Property 
Act; although a small quantity was offered 
for sale during 1969, none was sold. 

Consumption and Uses.—Numerous chem- 
icals with wide varieties of application were 
made from domestic spodumene flotation 
concentrate and lithium carbonate extracted 
from brines. Lithium is used primarily in 
compounds for greases, air conditioning, 
ceramics, metallurgy, welding and brazing, 
organic synthesis, swimming pool sanitation, 
and the production of hydrogen. 


* Oil, Paint and Drug Reporter. Silver Iodide 
Lining Planned for Hurricane Clouds. V. 196, No. 
6, Aug. 11, 1969, p. 5. 

. Friedman, Louis and Ralph Eddinger (assigned 
to FMC Corp., New York). Hydrogenation of Coal 
Tar. U.S. Pat. 3,453,202, July 1, 1969. 

6 Industrial Minerals (London). Spodumene 
een Started by Lithcoa. No. 20, May 1969, 
p. 86. 
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Prices.—The Oil, Paint and Drug Re- Foreign Trade. Quantitative data on 
porter quoted prices for lithium metal and U.S. exports of lithium minerals and lith- 
compounds at yearend as follows: ium metal, alloys, and compounds were 

Per pound not available for 1969. U.S. imports of lith- 

Lithium metals, 1,000- ium minerals were 88 percent less than in 

pound lots or more, delivered _ $1.15 1968. The Republic of South Africa sup- 

Lithium carbonate, carlots, plied almost all of the mineral imports. As 

VVV ag 2 result of trade sanctions, there were no 

Lithium chloride, anhydrous, domestic imports from Southern Rhodesia. 

carlots, FFF P the only supplier of lithium minerals in 

Lithium fluoride, 2,000-10, 00 did 

pound lots, delivered 1.70 Imports of organic lithium salts, princi- 

E ed carlots, truck ms pally from Japan with minor quantities 

Lithium hydroxi de: Daene ; from Canada and West Germany, were 

carlots, truek loads, delivered, 26,951 pounds valued at $12,195. 

in drums T------------------- .55 There was 57,898 pounds of lithium 

"P e prd 55 1.25-1.56 compounds valued at $140,993 imported 

Lithium stearate, SÜpound. —— à primarily from France (88 percent) with 

cartons, carlots, works, small amounts from the Netherlands, West 

Hob. eria. 100-pound soda SS Germany, United Kingdom, and Switzer- 

lots, in drum 1.20-1.30 land. 


Table 3.— U.S. imports for consumption of lithium ore, by country of origin 
and U.S. customs district 


1968 1969 
Country and customs district ———————— — —ä—— —öä 
Short tons Value Short tons Value 
thousands) (thousands) 

Canada: Dembing eee Lee > = 200 $2 
Rhodesia, Southern: Baltimore 11,016 $860 | | | ..... 
South Africa, Republic of: Baltimore 877 22 1,188 64 

KT BEER 11,393 882 1,888 66 


World Review.—Canada.—Tantalum 5 million short tons of spodumene and 
Mining Corporation of Canada carried out 107,700 short tons of lepidolite. 
pilot plant tests on low-iron spodumene 


concentrates from a pegmatite at Bernic pm Loup Eam 
Lake. The deposit contains an estimated Metals. V. 90, NO TI Nonie: 1969, d 47-51. 


Table 4.—Free world production of lithium minerals, by countries 


(Short tons) 

Country Mineral produced 1965 1966 1967 1968 1969» 
Argentina Lithium minerals. ............ 686 298 212 140 NA 
Australia rr uiu CLE 947 1,112 747 827 794 
Brazil l- ecnoisonanudedaa G aiu 8 7,540 110 76,800 ...... NA 
Canada..................- Spodumene (Li: O eontent 507 127 CALG 62. eee 
Mozambique Lepidoltte 83 NA 276 824 461 

ns e wi M nM S M 

pidolite. .................- e 17, A 

Rhodesia, Southern Petalite. LLL LIIIN 29,873 NA NA NA NA 
Spodum ene e 15,322 NA NA NA NA 

South Africa, Republic of. Lithium minerals............. 958 337 `... 40 e 44 
Amblygonite................- 39 30 NA NA NA 

South-West Africa Lepidolite. .................- 298 365 NA NA NA 
Fette 1.332 1,344 NA NA NA 

Uganda Amblygonite 22 178 49 49 NA 
United States Lithium minerals... W w W W W 
e Estimate. P Preliminary. r Revised. NA Not Available. W Withheld to avoid disclosing 


individual company confidential data. 
1 Exports. 
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Technology.— Three new  magnesium- 
lithium alloys that have much greater ten- 
sile and yield strength for use at cryogenic 
temperatures were reported.s According to 
several articles in the Journal of the Elec- 
trochemical Society, research continues on 
the use of lithium in various ways in bat- 
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tery and fuel cell generation of electrical 
power. 

During 1969, more than 24 patents were 
issued which involved lithium; these cov- 
ered a wide range of applications includ- 
ing new compounds, processes in various 
industries, and other uses of lithium. 


MEERSCHAUM 


United States consumers of meerschaum 
(the mineral sepiolite) continued to rely 
on imports for their raw materials in 1969. 
Meerschaum imports for consumption to- 
taled 21,365 pounds in 1969, a 78-percent 
increase from 1968. A much lower average 
unit price however, resulted in only 9-per- 
cent increase in value to $41,853. The So- 
mali Republic replaced Turkey as the 


QUARTZ 


major supplier of the imports. Deposits 
near El Bur in the Mudugh region of the 
Somali Republic reportedly contained large 
reserves of meerschaum which have been 
under increased development in recent 
years. 

The primary use of meerschaum contin- 
ued to be in pipes and cigarette holders. 


CRYSTAL 


ELECTRONIC-GRADE 


The consumption of raw quartz crystal, 
both natural and manufactured, declined 
24 percent from that of 1968. The con- 
sumption of manufactured quartz increased 


slightly. The production of quartz crystal 
as finished and blank units decreased 
about 20 percent. 


Table 5.—Salient electronic-and optical-grade quartz crystal statistics 


1967 1968 1969 
Imports of electronic- and optical-grade quartz crystal 
j thousand pounds 220 286 201 
! ³˙»W¹»0iQA1 6ͤ:vnp‚f ð thousands $498 $339 $278 
Consumption of raw electronic-grade quartz crystal 
thousand pounds 332 247 188 
Production, piezoelectric units, number thousands 23,840 24, 586 19, 562 


Domestic Production. No domestic pro- 
duction of natural electronic- grade quartz 
crystal was reported to the Bureau of 
Mines in 1969. At yearend, five companies 
reported production of manufactured 
quartz for use by the electronic industry. 
These companies were Sawyer Research 
Products, Inc., Eastlake, Ohio: Thermo Dy- 
namics Corp., Shawnee Mission, Kans.; P. 
R. Hoffman Co., Carlisle, Pa.; Western 
Electric Co., Inc., North Andover, Mass.; 
and Quality Crystals, Inc., Cortland, Ohio. 
The major producers were Sawyer Re- 
search Products, Inc., and Thermo Dynam- 
ics Corp.; Sawyer reported sales of 58,000 
pounds of manufactured quartz. Western 
Electric Co., Inc., continued to produce 
quartz for its own affiliated companies use. 


Legislation and Government Programs. 
There were no active Government pro- 
grams for the acquisition of quartz crystal 
during 1969, and the General Services Ad- 
ministration was disposing of surplus stock- 
pile material. At yearend, there were 
4,711,370 pounds of stockpile-grade and 
456,465 pounds of nonstockpile- grade 
quartz crystal in the Defense Materials In- 
ventory. 

Consumption and Uses. Consumption 
of raw quartz crystal declined from 246, 673 
pounds in 1968 to 187,605 pounds in 1969. 
The consumption of manufactured quartz 
increased slightly from 83,945 pounds in 
1968 to 84,261 pounds in 1969. About 16.9 
million finished quartz crystal units and 

3 Light Metal Age. Magnesium-Lithium Alloys 


Developed for Low Temperature Use. V. 27, No. 
1, 2, February 1969. p. 14. 
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2.6 million blank units were produced 
from. raw quartz crystal consumed during 
the year. 


The data reported in table 5 are based 
on reports received in 1969 from 28 crystal 
cutters in 12 States. Finished piezoelectric 
units were produced by 24 of the cutters; 
the others produced only semifinished 
blanks. Of these cutters, three cut natural 
quartz only, 12 cut synthetic only, and 13 
cut both natural] and synthetic. 

Fourteen consumers in four States ac- 
counted for 80 percent of the total raw 
quartz consumption. Pennsylvania was the 
leading quartz-consuming State with 43 
percent of the total, followed by Illinois, 
Kansas, and Missouri. Piezoelectric units 
were manufactured by 39 producers in 16 
States. Fifteen of these producers worked 
from partially processed quartz crystal 
blanks and did not consume raw material. 
Fourteen plants in four States supplied 
nearly 75 percent of the total output of 
finished crystal units. Oscillator plates com- 
prised 68 percent of production. The re- 
mainder included filter plates, telephone 
resonator plates, transducer crystals, and 
miscellaneous items. 


Prices.—According to the Engineering and 
Mining Journal, December 1969, quartz 
crystal price for piezoelectric and optical 
use ranged from $2.50 to $50 per pound 
depending upon size and grade. Buyer and 
seller negotiate final selling price for spe- 
cific quality quartz crystal. 


Foreign Trade.—Both quantity and 
value of imported electronic- and optical- 
grade quartz crystal (valued at more than 
$0.50 per pound) declined in 1969. These 
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imports totaled 237,224 pounds valued at 
$277,649 and averaged $1.17 per pound. 
Brazil continued to be the major world 
producer and supplied almost 95 percent 
of the U.S. imports; the remainder, 12,507 
pounds, came from Argentina, West Ger- 
many, and the United Kingdom. 


Imports of lasca totaled 1,053,779 pounds 
valued at $199,272. Although quantity in- 
creased 18 percent, value decreased 26 per- 
cent because of cheaper lasca imports from 
France, which suppled 56 percent of the 
total. Primary uses of lasca are in the 
manufacture of fused quartz and as nu- 
trients for manufactured quartz crystal. 


U.S. exports of both natural and manu- 
factured raw quartz increased 19 percent 
from 172,352 pounds in 1968 to 204,986 
pounds in 1969. Value increased 81 percent 
to $2,160,858. Hong Kong, the United 
Kingdom, Canada, and Japan received 71 
percent of the material. 


World Review.—Guatemala—Minnesota 
Mining and Manufacturing Co. discovered 
quartz deposits with estimated reserves of 
1 million tons.® 

Technology.—An experimental program 
proved that, by changing only the crystal- 
lographic orientation of the seed upon 
which quartz is deposited, a higher and 
more uniform crystal Q factor can be ob- 
tained and fabrication of larger high-fre- 
quency plates can be economically 
practical.10 Fiber optics technology utiliz- 
ing fused quartz fibers clad with a lower 
index of refraction material has a poten- 
tial use in fire and explosion detection 
systems.11 


STAUROLITE 


Staurolite, a complex silicate of iron and 
aluminum, was produced only in Florida 
in 1969. E. I. du Pont de Nemours & Co., 
Inc. (plants at Highland and Trail Ridge) 
recovered staurolite as a byproduct from 
ilmenite and rutile sands in Clay Country. 
Quantity and value of marketed produc- 
tion increased 20 and 23 percent, respec- 
tively, over 1968. The principal use of the 
mineral was as a sand blast abrasive. Cer- 
tain portland cement mixes utilized stau- 


rolite as an ingredient, and some twinned 
crystals are of value as semiprecious stone. 


9 The Mining Journal (London). Guatemalan 
Quartz Discovery. V. 273, No. 6985, July 4, 1969, 
8 


10 The Western Electric Engineer. Growth of 
Synthetic Quartz for Use in High Frequency 
Monolithic Crystal Filters. V. 13, No. 2, April 
1969, pp. 23-27. 

H American Ceramic Society. Fused Quartz Fiber 
Optics for Ultraviolet Transmission. V. 48, No. 2, 
February 1969, pp. 211-219. 
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STRONTIUM 


Domestic Production.—For the tenth 
consecutive year no strontium minerals 
were produced in the United States. How- 
ever, domestic deposits of celestite (stron- 
tium sulfate) were under evaluation by 
several companies. For the second straight 
year imports of strontium minerals more 


than doubled, reflecting the continuing 
strong rise in demand for strontium com- 
pounds. Firms that produced various com- 
pounds from imported celestite included E. 
I. du Pont de Nemours & Co,, Inc., Gras- 
selli, N. J.; Foote Mineral Co., Exton, Pa.; 
and FMC Corp., Modesto, Calif. 


Table 6.— U.S. imports for consumption of strontium minerals, 1 by countries 


1968 1969 
Country 
Short tons Value Short tons Value 
(thousands) (thousands) 

//%öõĩÜ˙.᷑ ĩ ³ AA ee eee eee LE 17 SB — ^ — Oaa TUO 
e LO Yousu ces eae 8,879 51 21,402 $404 
E! a uro ĩͤ v RE unas use 448 97 2,2 45 
United ngo | Eee Rame E 557 197 4,149 146 
Otel NEE 12,896 290 27,808 595 


1 Strontianite or mineral strontium carbonate and celestite or mineral strontium sulfate. 


Legislation and Government Programs. 
—The Government sold 1,575 short tons of 
stockpile-grade and 10,958 short tons of 
nonstockpile-grade celestite during 1969. 
Government stockpiles contained 13,541 
tons of stockpile-grade and 16,767 tons of 
nonstockpile-grade celestite at yearend. 


Consumption and Uses.—The principal 
uses of strontium continue to be for pyro- 
technics and signals, which utilize the 
brilliant crimson color that strontium im- 
parts to a flame. In vacuum-tube manufac- 
ture, strontium metal and alloys of stron- 
tium were used as getters for the removal 
of gas. Miscellaneous chemical applications 
for strontium compounds included greases, 
ceramics, plastics, medicines, paint filler, 
welding rod coatings, and in making high- 
purity zinc. Quantitative information con- 
cerning consumption was not available. 


Increased use of strontium carbonate in 
the manufacture of glass for color televi- 
sion tubes is expected because of its advan- 
tages of lighter weight and better radiation 
shield than the barium carbonate now 
used.12 Also, strontium carbonate allows 
use of higher voltages for better picture 
brilliance and less distortion. 


Prices.—At year end prices quoted in the 
Oil, Paint and Drug Reporter were as fol- 
lows: Strontium carbonate—pure, drums, 
5-ton lots or more, works, at 35 cents per 
pound, and technical, drums, works, at 13 
to 21 cents per pound; strontium nitrate 
—bags, carlots, works, at $12 per 100 


pounds. No price quotations were pub- 
lished for strontium sulfate. Final prices of 
strontium compounds are negotiated be- 
tween buyer and seller. The average value 
of imported strontium minerals at foreign 
ports was about $21 per ton. 

World Review.—Kaiser Aluminum and 
Chemical Corp. acquired large celestite ore 
reserves on Cape Breton Island, Nova Sco- 
tia, from Cape Chemical Corp. of 
Montreal.13 Plans for development include 
a preconcentration plant at the mine site, 
and a processing plant 35 miles from the 
mining operation at Point Edward, which 
will produce approximately 30,000 tons of 
strontium compounds annually along with 
about 70,000 tons of byproducts. 


Table 7.—Free world production of 


strontium minerals, by countries 
(Short tons) 

Country ! 1967 1968 1969 » 
CES de 83 77 NA 
Italy. ----------- 128 858 e 860 
Mexico 2,803 3,806 19,926 
Pakistan 1 716 e 661 
United Kingdom.. *7,481 ° 8,818 ° 8,818 

Total 2 r 11,468 14,275 80,265 
e Estimate. p Preliminary. r Revised. NA 


Not available. 

1Strontium minerals are produced in Germany, 
Poland, Spain, and the U.S.S.R., but data on pro- 
duction are not available. 

2 Total is of listed figures only. 


12 Oil, Paint and Drug Reporter. Strontium Car- 
bonate Growing as More Color TV Sets Turn On. 
V. 195, No. 26, June 30, 1969, pp. 4, 27-28. 

13 World Mining. Nova Scotia. V. 5, No. 13, 
December 1969, p. 62. 
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Wollastonite sales increased 3 percent in 
quantity and in value over 1968. The prin- 
cipal domestic supply was from Essex 
County, N.Y., where paint- and ceramic- 
grade wollastonite was mined and proc- 
essed. Smaller quantities of the mineral 
were produced from deposits in Riverside 
county, Calif. 

Wollastonite, principally used in ceram- 
ics, was rapidly finding uses in other prod- 
ucts. These new uses included fillers, rein- 
forcing agents, fluxes, glazes, and bricks.14 
Other potential markets include insulation, 
fertilizer, paper, fiberglass, asbestos shin- 
gles, and linoleum. 

During mid-1969, Interpace Corp. of 
Parsippany, N.J., a manufacturer of pipe, 
ceramic, and precast products, purchased 
the minerals division of Cabot Corp. In- 
cluded in the acquisition was the wollas- 
tonite mine and milling plant in Essex 
County. 

Nominal per-ton prices for wollastonite 
were reported in Oil, Paint and Drug Re- 
porter, unchanged from October 1960 
through December 1969, as follows: Fine, 
paint-grade, bags, carlots, ex warehouse 


$51; medium, paint-grade, bags, carlots, 
works $29; less than carlots ex warehouse 
$39. As is customary for most industrial 
minerals, actual sales were negotiated at 
prices agreed upon by buyer and seller 
without public disclosure. 

World sources of wollastonite are few. 
Countries mining and marketing wollaston- 
ite during 1969 besides the United States 
included Mexico, Finland, and Kenya. Sev- 
eral deposits known in South Africa have 
been mined intermittently, but little value 
can be assigned these resources until pro- 
duction of a salable product and markets 
have been established.15 Other smaller or 
lower purity deposits are known in France, 
Italy, and Switzerland. Discovery of large 
wollastonite deposits near Khila in the In- 
dian State of Rajasthan in 1969 is believed 
to be the first find of the mineral in 
Asia.16 


14 Industrial Minerals. Versatile Wollastonite. No. 
19, April 1969, pp. 16-20. 

1$ Industrial Minerals. Wollastonite Comes of 
Age. No. 19, April 1969, pp. 8-13. 

16 The Mining Journal (London). Indian Wol- 
Zeg Ce Find. V. 273, No. 6991, Aug, 15, 1969, 
P. LJ 
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